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1 Recommendations/Risk Benefit Assessment 

1.1 Recommendation on Regulatory Action 

I recommend approval of olmesartan (OM) for the treatment of hypertension in the pediatric 
population at ages between 1 to 16 years old. In the provide clinical studies, a statistically and 
clinically meaningful OM dose response was observed for both systolic and diastolic blood 
pressure reductions in children at the ages from 6 to 17 years old. In addition, in the double-blind 
and randomized withdraw study, there is also a statistically significant difference of systolic and 
diastolic blood pressure reductions between OM and placebo at this age group.  

In the children at the ages between 1 and 5 years old, a 0.3 mg/kg/day OM treatment decreased 
systolic blood pressure by 13.3 mm Hg and decreased mean diastolic pressure by 10.4 mm Hg 
compared to baseline. In the randomized withdraw study, subjects who continued on their OM 
regimen had numerically smaller mean increases in BP than subjects who switched to placebo. 
However, the difference in this small cohort was not statistically significant. In the long-term (46 
weeks) open label study with OM treatment, both systolic blood pressure and diastolic blood 
pressure were reduced relative to study baseline at all visits. Considering the small sample size, 
the similar trend, frequency and magnitude of the reduction of blood pressure in this age group 
compared to the older children group, and the long-term open label study data, I suggest that OM 
should also be approved for the treatment of hypertension in this age group although there was 
not statistically significant for the reduction of blood pressures in this group in the phase of 
randomized withdraw study. 

Regarding the difference of black and non-black population, overall, Non-Blacks appeared to 
have a greater response to OM treatment than Blacks in children at the ages between 6 to 16 
years old based on above studies. 

In the safety data analysis, headache was the predominant treatment emergent adverse event 
(TEAE). The incidence of headache was higher in subjects taking the high OM dose. There were 
no difference of other TEAEs between the low dose and high dose, between and treatment and 
placebo groups.  There was one SAE, a relapse in SLE, is considering to be drug related. Overall, 
the safety data suggest that olmesartan in children exhibits the same adverse effects as seen in 
adults, including decreases in hemoglobin, hematocrit and increases in potassium and creatinine. 

The sponsor’s proposed dosing recommendation is as outlined below and appears acceptable. 

• For pediatric patients who weigh ≥20 kg, the usual recommended starting dose of Benicar is 10 
mg (body weight <35 kg) or 20 mg (body weight ≥35 kg) once daily. 

• For patients requiring further reduction in blood pressure after 2 weeks of therapy, the dose of 
Benicar may be increased to 20 mg (body weight <35 kg) or 40 mg (body weight ≥35 kg) once 
daily. 

9 




(b) (4)

 
 

 

 
 

 

 

 

 

 

 
 

  

 

 

Clinical Review 
Shen Xiao MD., Ph.D. 
NDA 21-286/SN018 Pediatric Studies 
Benicar (Olmesartan Medoxomil) tablets 

1.2	 Risk Benefit Assessment 

In this whole study program, transient minor to moderate headache was the major adverse event 
with this product in pediatric population. Other than that, there does not appear to be any other 
unexpected adverse events in children compared to adults. Based on review of the submitted 
clinical studies and the post-marketing data available regarding the olmesartan use in adult and 
pediatric populations, olmesartan appears to have a favorable risk-benefit profile considering the 
long-term outcome of hypertension in adults. However, there were no data available for the long-
term outcome of hypertension in pediatric population.  

1.3	 Recommendations for Postmarket Risk Evaluation and Mitigation 
Strategies 

Since this product has been approved for many years and  has a clear safety profile in adult, the 
submitted post-marketing data in children from sponsor and my own literature search did not 
indicate any new safety concerns, I don’t have any recommendations for postmarket risk 
evaluation and mitigation strategies.  

1.4	 Recommendations for Postmarket Requirements and Commitments 

I don’t have any recommendations for post market requirements and commitments.  

2 Introduction and Regulatory Background 

2.1	 Product Information 

Olmesartan medoxomil (OM, marketed as Benicar® in the US) is an orally active selective AT1 
subtype angiotensin receptor blocker (ARB). It has been approved for the treatment of 
hypertension in adults in 2002. For adults, the usual recommended starting dose is 20 mg once 
daily when used as monotherapy in patients who are not volume-contracted. For patients 
requiring further reduction in blood pressure after 2 weeks of therapy, the dose may be increased 
to 40 mg. This supplement reports pharmacokinetic (PK) and clinical safety and efficacy studies 
in hypertensive children in response to a pediatric written request. 

2.2	 Tables of Currently Available Treatments for Proposed Indications 

Treatment of hypertension in children has been more elusive than treatment of hypertension in 
adults. While most older children may have essential hypertension like their adult counterparts, 
younger children frequently have secondary hypertension, most commonly related to renal 

10 
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disease. Prior to the Food and Drug Administration Modernization Act (FDAMA) of 1997, most 
available anti-hypertensives were use in treating children but none were specifically approved for 
use in children. Since FDAMA, calcium channel blockers, beta blockers, ACE inhibitors, ARBs, 
and aldosterone receptor blocker have been studied in hypertensive children. However, some of 
these drugs have been tested to be ineffective in children. The currently approved treatments for 
hypertension in children were summarized in the following table 1. Please also refer to the 
NHLBI fourth report on the Diagnosis, Evaluation, and Treatment of High Blood Pressure in 
Children and Adolescents for additional details. 

Table 1: Approved anti-hypertensive drugs for treatment of hypertension in pediatric population 
(by the end of 2008)  

Drug name Drug category Dose 
Amlodipine Calcium channel blocker 2.5 mg to 5 mg once daily for ages 6-17 years. 
Fenoldopam dopamine D1-like 

receptor agonist 
i.v. use, 0.2 µg/kg/min up to 0.3 to 0.5 µg/kg/min 
every 20 to 30 minutes. 

Benazepril ACEI 0.2 mg/kg to 0.6 mg/kg once daily (or up to 40mg 
daily) for ages 6-17 years. 

Enalapril ACEI 0.08mg/kg up to 0.6mg/kg once daily for age  ≥ 6 
years old 

Fosinopril ACEI 5 to 10 mg once daily for children weighting more 
than 50kg 

Lisinopril ACEI 0.07 mg/kg up to 5 mg total once daily for age ≥ 6 
years old 

Losartan ARB 0.7 mg/kg once daily (up to 50 mg total) 
Valsartan ARB 1.3-2.7 mg/kg once daily (up to 40-160 mg total) 

2.3 Availability of Proposed Active Ingredient in the United States 

OM has been marketed in US in 2002 and the combination product of OM with 
hydrochlorothiazide has been marketed in US in 2003 for the treatment of hypertension in adult 
patients. 

2.4 Important Safety Issues with Consideration to Related Drugs 

OM, like other ACEI and ARBs, may cause hypotension in patients with an activated renin-
angiotensin aldosterone system, such as volume- and/or salt-depleted patients (e.g., those being 
treated with high doses of diuretics), changes in renal function susceptible individuals. In 
addition, as a consequence of inhibiting the renin-angiotensin-aldosterone system, OM may also 
raise the serum level of potassium, especially in patients with renal insufficiency.  

2.5 Summary of Presubmission Regulatory Activity Related to Submission 

• On March 6, 2001, the Division issued a formal written request for pediatric studies to the 
sponsor. 

11 




 
 

 

  

 

 

  

  

 
  

  
 

 
 

  
 

 

 

 
 

  
 

 

  
  

Clinical Review 
Shen Xiao MD., Ph.D. 
NDA 21-286/SN018 Pediatric Studies 
Benicar (Olmesartan Medoxomil) tablets 
• On November 25, 2002, the Division issued a revised Written Request to the sponsor for 

conducting pediatric studies. 
• On September 20, 2004, a new protocol for Study CS0866-A-U301 “Dose-Ranging Study to 

Evaluate the Safety and Efficacy of Olmesartan Medoxomil in Children and Adolescents with 
Hypertension” is submitted. The Division had the meeting with Sponsor to discuss the Study 
CS0866-A-U301 on March 4, 2005.  

• On August 19, 2005, a new protocol for Study CS0866-A-U102 “An Open-Label Study of the 
Single-Dose Pharmacokinetics of Olmesartan Medoxomil in Pediatric Patients with 
Hypertension” is submitted.  

• On May 24, 2007, the Division had meeting with Sponsor on the status of the pediatric 
program. 

• On March 31, 2009, the Division had pre-NDA meeting with Sponsor. The Division agreed 
that CS0866-A-U301 is sufficient to fulfill the final written request and also agreed the 
proposal the Sponsor proposed for safety evaluation of olmesartan in pediatric population. The 
safety proposal will include conducting a review of the internal safety database, including post-
marketing reports of adverse events in children, and a comprehensive literature search, in addition to the 
safety analysis based on the clinical studies conducted in response to the Written Request.. 

• On May 19, 2009, the Division issued a final written request based on the Section 505A of the 
Federal Food, Drug, and Cosmetic Act, as amended by the Food and Drug Administration 
Amendments Act of 2007. In this final written request, the Division highlighted the following 
issues: 

Submitted studies should include pharmacokinetic sampling in patients, a dose-response trial of 
effectiveness in hypertensive pediatric patients; and safety data derived from a 1-year study including a 
controlled phase assessing effectiveness and safety, followed by an open treatment phase, and a summary 
of all available information on the safety of the drug in hypertensive pediatric patients. The safety 
evaluation in children must include a summary of the published literature and formal analyses of 
published and unpublished data. 

For pharmacokinetic study, data must be obtained over the range of doses and ages studied for 
effectiveness. Patient must have grossly normal metabolic function. Data must be collected with respect 
to olmesartan and any metabolites that make substantial contribution to its efficacy or toxicity. For the 
parent and each metabolite followed, the data collected must provide estimates of the exposure (AUC), 
half-life, oral apparent clearance, volume of distribution, Cmax, and Tmax in pediatric subjects of the 
various age groups. 

For the dose-ranging trial, the trial must be performed in patients of both sexes. If adolescents are 
included, at least one additional age group must be included, and 50% of the patients in the trial 
must be 12 years old. They must not be recruited if other interventions known to affect blood 
pressure (e.g., repair of arterial anomalies) are likely to occur during the expected course of the 
trial or if their blood pressures are so high as to need immediate treatment. The dose-ranging 
study must be double-blind in design and it must evaluate at least two dose levels of olmesartan. 
Based on the evaluation of the pharmacokinetic data, you must obtain agreement from the 
Division on the doses to be incorporated into this study. The duration of the parallel portion of 
the study must be at least 2 weeks after titration to target doses is completed. 
The primary end point must be either absolute or percentage change in systolic or diastolic 
pressure. The primary analysis must include all patients with data on randomized treatment. If 
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the pharmacokinetics of the drug in children, derived from the pharmacokinetic trial described 
above, differs substantially from the reported pharmacokinetics in adults, such that the serum 
half-life is appreciably altered, the trial must include an assessment of the effect of varying 
dosing interval on trough antihypertensive effect. This must include measurement of the effects 
of the drug at peak and trough. 

For blood pressure measurement, both systolic pressure and diastolic pressure must be measured 
in all patients. Systolic and/or diastolic blood pressure should be used as the primary end point. 
For the trial designs other than randomized withdrawal from active drug (see above), the primary 
efficacy measurement must be the change in blood pressure from baseline to the time of the last 
dose plus the inter-dosing interval. For randomized withdrawal trial designs, the primary efficacy 
measurement must be the change in blood pressure at the inter dosing interval from the last on-
treatment visit to the end of the withdrawal period, or to the time at which an acceptable blood 
pressure is exceeded.  

For drug information, an age-appropriate formulation must be used in the studies described 
above. If an age-appropriate formulation is not currently available, the Sponsor must develop and 
test one, and, if it is found safe and effective in the studied pediatric populations, the Sponsor 
must seek marketing approval for that age-appropriate formulation. If the Sponsor demonstrated 
that reasonable attempts to develop a commercially marketable formulation have failed, the 
Sponsor must develop and test an age-appropriate formulation that can be compounded by a 
licensed pharmacist, in a licensed pharmacy, from commercially available ingredients. Under 
these circumstances, you must provide the Agency with documentation of your attempts to 
develop such a formulation and the reasons such attempts failed. If the Agency agrees that the 
Sponsor has valid reasons for not developing a commercially marketable, age-appropriate 
formulation, then the Sponsor must submit instructions for compounding an age-appropriate 
formulation from commercially available ingredients that are acceptable to the Agency. If the 
Sponsor conduct the requested studies using a compounded formulation, the following 
information must be provided and will appear in the product labeling upon approval: active 
ingredients, diluents, suspending and sweetening agents; detailed step-by-step compounding 
instructions; packaging and storage requirements; and formulation stability information. In 
addition, bioavailability of any formulation used in the studies must be characterized. 

For statistical considerations, the trial must be designed to detect a treatment effect of 
conventional (p<0.05) statistical significance. If the “Trial A” design is chosen, the study must 
be powered to be able to detect a "clinically meaningful" treatment benefit on the primary end 
point. This requires the study to show that if the true treatment effect for one of the treatment 
groups were minimally "clinically meaningful", the pre-planned analysis would have at least 
90% power to infer that at least one dose or the high dose is significantly different from placebo, 
under the “Trial A” design. 

For labeling, under section 505A(j) of the Act, regardless of whether the studies demonstrate that 
olmesartan is safe and effective, or whether such study results are inconclusive in the studied 
pediatric population, the Sponsor must submit labeling to include information about the results of 
the studies. 
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Regarding the data reporting and timeframe for reports, the Sponsor must submit full study 
reports (which have not been previously submitted to the Agency) that address the issues 
outlined in this request, with full analysis, assessment, and interpretation. In addition, the reports 
must include information on the representation of pediatric patients of ethnic and racial 
minorities. Under section 505A(d)(2)(B) of the Act, when submitting the study reports, the 
Sponsor must submit all postmarketing adverse event reports regarding this drug that are 
available at that time. Reports of the above studies must be submitted to the Agency on or before 
September 30, 2009. 

2.6 Other Relevant Background Information 

I am not aware of any other relevant background information. 

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

I have requested Division of Scientific Investigations (DSI) to audit two clinical site (Study Sites 
601 and 631) based on the large number of patient enrollment and large treatment effect size. In 
the preliminary report from DSI, there were no significant regulatory deviations.   

I reviewed case report forms and the data sets using JMP software to verify that source 
documents were consistent with the reports and tabulations. However, the table to describe the 
changes of creatine phosphokinase (CPK) in the safety summary is inconsistent with the same 
table in the study report. I have checked the dataset and confirmed that the table in the safety 
summary is correct. In addition, the sponsor reported that the protocol deviations in some study 
sites were not finalized before they submitted this supplement. They are conducting a full quality 
control process now and will provide a new amendment in the middle of December.   

3.2 Compliance with Good Clinical Practices 

The clinical overview states that the studies were conducted in compliance with ethical 
principles that have their origin in the Declarations of Helsinki and in accordance with the 
International Conference on Harmonisation (ICH) E6 Guideline for Good Clinical Practice 
(GCP). The studies in the pediatric population were also conducted in compliance with the 
Guidelines for the Ethical Conduct of Studies to Evaluate Drugs in Pediatric Populations.  

3.3 Financial Disclosures 

There are three clinical studies for this supplemental NDA. The sponsor claimed that all of the 
investigators did not enter into any financial arrangements with Daiichi Sankyo whereby the 
value of compensation to the investigators could be affected by the outcome of the studies. The 
investigators were required to disclose to Daiichi Sankyo whether they have a proprietary 
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interest in the product or a significant equity in Daiichi Sankyo and they did not disclose any 
such interests. The investigators were not recipients of significant payments of other sorts. 

4 Significant Efficacy/Safety Issues Related to Other Review 
Disciplines 

4.1 Chemistry Manufacturing and Controls 

The sponsor proposed using Benicar® Tablets 20 mg as Benicar® Tablets, for Oral Suspension. 
Oral Suspension is an extemporaneously-prepared formulation for oral administration for 
pediatric use. The suspension is prepared at the pharmacy site using Benicar® 20 mg tablets and 
commercially-available suspension compounding vehicles Ora-Sweet® and Ora-Plus® supplied 
by the pharmacy. Concentration of the suspension is 2 mg/ml in a total volume of 200 ml. 
Benicar® Tablets with the active ingredient of olmesartan medoxomil is fully described in Type 
II Drug Master File 14953. Please see Dr. Bartholomew Ho’s chemistry review for details.  

4.2 Clinical Microbiology 

The submission does not include microbiology data. 

4.3 Preclinical Pharmacology/Toxicology 

The submission does not include new animal pharmacology or toxicology data. 

4.4 Clinical Pharmacology 

4.4.1 Mechanism of Action 

Olmesartan medoxomil, a prodrug, is hydrolyzed to olmesartan during absorption from the 
gastrointestinal tract.  Olmesartan is a selective AT1 subtype angiotensin II receptor antagonist. 
Olmesartan blocks the vasoconstrictor effects of angiotensin II by selectively blocking the 
binding of angiotensin II to the AT1 receptor in vascular smooth muscle.  

Blockade of the angiotensin II receptor inhibits the negative regulatory feedback of angiotensin 
II on renin secretion, but the resulting increased plasma renin activity and circulating angiotensin 
II levels do not overcome the effect of olmesartan on blood pressure. 

4.4.2 Pharmacodynamics 

The submission does not include studies of pharmacodynamic parameters other than the effects 
on blood pressure discussed in the efficacy below. 
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4.4.3 Pharmacokinetics 

The PK data in pediatric population were analyzed in two studies including an open-label study 
of a single-dose pharmacokinetics of olmesartan medoxomil in pediatric patients with 
hypertension (Study CS0866-A-U102) and multiple-dose, safety, efficacy, and population PK 
study (Study CS0866-A-U301). The following is the sponsor’s summary of the most pertinent 
findings: Plasma half lives and Tmax were similar across all of the age groups in the pediatric 
studies. Total body clearance and volume of distribution are proportional to subject body weight. 
Unadjusted for covariate status, typical clearance in the adult dataset was 44% higher than 
pediatric subjects. When pediatric subjects’ clearances were weight normalized to 73 kg based 
on to the clearance-weight relationship, the adult/pediatric ratio for clearance was 0.95 [0.92, 
0.97], well within the bioequivalence range of 80% to 125%. 

Within the “low dose” arm, subjects were randomized to 2.5 mg and 5 mg based on a weight cut 
point of 35kg. Similarly, within the “high dose” arm, subjects were randomized to 20 mg and 40 
mg based on a weight cut point of 35 kg. Within both arms, AUC and Cmax were similar 
between the high and low weight subjects confirming the validity of the dose-adjustment by 
weight and appropriateness of the 35 kg as the cut-point weight for dose adjustment. When 
exposures were normalized to weight of 73 kg, estimated AUC and Cmax showed near dose 
proportional increase at dose ranges of 2.5 mg to 40 mg further supporting body weight being the 
influential factor for the pharmacokinetics of olmesartan in pediatric populations. Overall, the 
plasma PK parameters for the 6-16 year old subjects of this study were similar to those estimated 
in prior studies in adults, whose body weights were within the body weights range of adults in 
previous studies. Please see Dr. Divya Menon-Andersen’s clinical pharmacology review for a 
detailed review of the PK studies.  

5 Sources of Clinical Data 

5.1 Tables of Studies/Clinical Trials 
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Table 2: Summary of clinical studies of olmesartan medoxomil in pediatric program (Sponsor’s 
table) 
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5.2 Review Strategy 

I initially verified that the sponsor’s reports of the studies were consistent with the final revised 
WR. I discussed with the statistician to confirm whether the sponsor’s efficacy analyses were 
appropriate. I check the data sets using JMP software to analyze the adverse events, vital signs 
and laboratory test data for safety signals. 

5.3 Discussion of Individual Studies/Clinical Trials 

Three studies were conducted with olmesartan medoxomil (OM) suspension and tablets to 
determine suitability for a hypertensive pediatric population, aged 1 to 16 years.  

Study CS0866-A-U101 was a randomized, open-label, single-dose, two-arm crossover, 
pharmacokinetic (PK), bioequivalence/bioavailability study in healthy adult volunteers at ages of 
18 to 45 years old. The objective of the study was to determine if the compounded suspension 
formulation of OM (4 mg/ml x 10 mL, for a total dose of 40 mg) was bioequivalent to the 
marketed formulation of a 40-mg Benicar tablet. Analysis of the data was also completed to 
determine the appropriate dosage strengths of the suspension formulation for the further 
development of olmesartan in pediatric hypertensive patients. 

Study CS0866-A-U102 was a single-dose study in hypertensive subjects 1 to 16 years of age, the 
objective of which was to determine the PK profile of OM in the pediatric population. The 
purpose of this study was to determine the pharmacokinetic behavior of OM in pediatric 
hypertension patients in the age range of 1-16 years. Subjects aged 1 to 5 years received a single 
0.3 oral mg/kg dose. Subjects aged 6 to 16 years, weighing < 35 kg received a single oral 20-mg 
dose. Subjects aged 6 to 16 years, weighing ≥ 35 kg received a single oral 40-mg dose. The 
pharmacokinetic samples were taken before dosing and at 1, 2, 4, 8, 12, 24, and 48 hours 
postdose. 

Study CS0866-A-U301 was to evaluate the blood pressure-lowering effect and safety of OM in 
pediatric subjects. Specifically, the effects of OM, at high-dose and low-dose regimens, on 
seated systolic blood pressure (SeSBP) and seated diastolic blood pressure (SeDBP) were studied 
in subjects 1 to 16 years of age, inclusive, with hypertension. The long-term clinical efficacy and 
safety of OM in this population was assessed in a 46-week, open-label extension period. In 
addition, PK sampling was completed in a subset of subjects of this study. Study CS0866-A­
U301 evaluated three cohorts of subjects with hypertension. Cohort A consisted of subjects 6 to 
16 years old, approximately 15% of whom were black. Cohort B consisted of subjects 6 to 16 
years old, all of whom were black. Cohort C consisted of subjects aged 1 to 5 years from any 
race. 

All studies were consistent with the final Written Request. The clinical pharmacology reviewer 
discusses the two PK studies CS0866-A-U101 and CS0866-A-U102 in detail as well as the 
population PK analysis combining the data from CS0866-A-301. I discuss primarily the efficacy 
and the safety study CS0866-A-U301. 
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6 Review of Efficacy 
Efficacy Summary 
In this study, hypertensive pediatric subjects were enrolled in three cohorts: Cohort A, 6 
to 16 years of age regardless of race; Cohort B, Black subjects, 6 to 16 years of age; and 
Cohort C, 1 to 5 years of age regardless of race.  

In study with Cohorts A and B, both low and high doses of OM were effective in reducing seated 
systolic blood pressure (SeSBP) and seated diastolic blood pressure (SeDBP) in pediatric 
subjects 6 to 16 years old, regardless of race.  A statistically significant OM dose response was 
observed for SeSBP and SeDBP in Cohort A and Cohort B with and without adjustment of 
baseline body weight. Both Black and Non-black subjects demonstrated a dose response. 
However, mean reductions in SeSBP and SeDBP were numerically greater in Non-black subjects 
compared with Black subjects.  

In Period III, pediatric subjects in Cohort A and Cohort B either continued on their Period 
II OM treatment or took placebo in a double-blind fashion for up to two weeks. Results showed a 
statistically significant difference between OM and placebo in Cohort A and Cohort A + Cohort 
B. The difference in LS means between OM and placebo was -3.6 mm Hg (p = 0.0093) in Cohort 
A and -3.2 mm Hg (p = 0.0029) in Cohort A +Cohort B. However, there was no statistically 
significant difference in Cohort B. 

In Period IV, pediatric subjects in Cohort A and Cohort B took open-label OM (10, 20, or 
40 mg per day with up and down titrations allowed) for up to 46 weeks. Compared with study 
baseline, mean SeSBP and mean SeDBP were reduced at all visits for Cohorts A, B, and A + B. 
Numerically, at almost all visits, the magnitude of BP reduction was greater for Cohort A than 
Cohort B. 

Regarding the difference of black and non-black population, overall, Non-Blacks appeared to 
have a greater response to OM treatment than Blacks in the children at the ages between 6 to 16 
years old based on above studies. 

For Cohort C (pediatric subjects 1 to 5 years of age), results showed that 0.3 mg/kg/day OM 
treatment decreased SeSBP by 13.3 mm Hg and decreased mean SeDBP by 10.4 mm Hg. 
Subjects who continued on their OM regimen in Period II had numerically smaller mean 
increases in BP during Period III than subjects who switched to placebo. However, the difference 
in this small cohort was not statistically significant. This may be due to the small sample size. 
Over 46 weeks of open-label OM treatment (0.3 to 0.6 mg/kg/day with up and down titrations 
allowed) in Period IV, mean SeSBP and mean SeDBP were reduced relative to study baseline at 
all visits. Mean SeSBP reduction from study baseline ranged from 13.6 to 16.4 mm Hg and mean 
SeDBP reduction from study baseline ranged from 11.0 to 14.0 mm Hg. Overall, the trend, 
frequency and magnitude of the reduction of blood pressure in this group is similar to the older 
age group. 
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6.1 Indication 

The targeted indication is the treatment of hypertension in children. 

6.1.1 Methods 

This submission provides one pivotal efficacy study, Study CS0866-A-U301. This was a 
randomized, multicenter, double-blind, parallel-group, prospective dose ranging study in subjects 
1 to 16 years of age with primary or secondary hypertension. The efficacy objectives are the 
changes of seated systolic blood pressure (SeSBP) and seated diastolic pressure (SeDBP). This 
study trial design was based on the options described in the Written Request (WR). The primary 
efficacy endpoints were the changes from baseline in trough SeSBP and SeDBP to the end of 
Period II ( a period of dose-response study: low dose group vs high dose group) in children at the 
ages between 6 to 16 years old. The sponsor picked the dosages to cover the range from lower 
than the approved adult starting dose to the approved adult maximum dosage. 

Subjects were enrolled into one of three cohorts based on age and race. Subjects 6 to 16 years of 
age were enrolled into Cohort A. In Cohort A, subjects were stratified by age with approximately 
half aged 6 to 12 years and the remainder aged 13 to 16 years. Black subjects only, 6 to 16 years 
of age, were enrolled into Cohort B. Subjects 1 to 5 years of age were enrolled into Cohort C 
regardless of race. The BP entry criterion was  SeSBP ≥ 95th percentile but ≤ 2 standard 
deviations (SDs) above the 99th percentile for gender and height-for-age or SeSBP ≥ 90th 
percentile for subjects who had type 1 or 2 diabetes mellitus, glomerular kidney disease, or a 
family history of hypertension. The blood pressures representing these percentiles were defined 
by the National High Blood Pressure Education Program Working Group on Hypertension 
Control in Children and Adolescents. 

The study comprised four periods. Period I was a wash-out period from Week -1 to 
randomization. Subjects were randomized to treatment sequences carried through the remainder 
of the study. Period II was a three-week, double-blind, dose-ranging period. In Cohorts A and B, 
subjects received either low-dose or high-dose OM once daily. In Cohort C, all subjects received 
0.3 mg/kg OM per day. Period III was a placebo-controlled withdrawal period beginning at 
Week 4 and ending after 1 or 2 weeks, depending on SeBP measurement at each weekly study 
visit. Subjects either continued their Period II OM regimen or switched to placebo based on the 
initial randomization scheme. Period IV was a 46-week open-label extension period. The study 
design including treatment sequences is illustrated in Figure 1 and Figure 2. OM doses were 
given once daily. 
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Figure 1: Study Design for Cohort A and Cohort B (Subjects 6 to 16 Years Old)  

a: Half of the subjects in both weight categories took low-dose OM and half took high-dose OM. For subjects weighing > 20 kg 
and < 35 kg, low-dose OM was 2.5 mg qd and high-dose OM was 20 mg qd. For subjects weighing > 35 kg, low-dose OM was 
5.0 mg qd and high-dose OM was 40 mg qd.  
b: In Period III, subjects either continued their OM dose or were switched to placebo.  
c: In Period IV, subjects weighing > 20 kg and < 35 kg began at the 10 mg dose of OM. After 2 weeks, if hypertension was not 
controlled (SeSBP > 95th percentile for gender and height-for-age, or > 90th percentile for subjects with diabetes, glomerular 
kidney disease or family history of hypertension), the dose was doubled to 20 mg. Subjects weighing > 35 kg began at the 20 mg 
dose of OM. After 2 weeks if hypertension was not controlled, the dose was doubled to 40 mg. Subjects had the option in Period 
IV of taking their dosage in tablets, instead of suspension. If BP still exceeded the indicated level, additional hypertension 
medication other than an angiotensin receptor blocker or angiotensin converting enzyme inhibitor was allowed. Back titration of 
OM was also permitted. 

Figure 2: Study Design for Cohort C (Subjects 1 to 5 Years Old) 

CCB = calcium channel blocker; a: In Period IV, subjects started at the 0.3 mg/kg qd dose of OM. After 2 weeks, if hypertension 
was not controlled (SeSBP > 95th percentile for gender and height-for-age, or > 90th percentile for subjects with diabetes, 
glomerular kidney disease or family history of hypertension), the dose was doubled to 0.6 mg/kg qd. If BP still exceeded the 
indicated level, additional antihypertensive medication other than an angiotensin receptor blocker or angiotensin converting 
enzyme inhibitor was allowed. Back titration was also permitted. 

Concomitant antihypertensive agents that are part of the patient’s regimen at screening will be 
discontinued for the duration of the washout (Period I), the dose-response (Period II) and 
randomized withdrawal (Period III). During the 46-week open label period (Period IV), 
antihypertensive agents except for other angiotensin II receptor blockers and ACE inhibitors, 
may be used as needed to reach blood pressure goals. Note that Cohort C may use CCB and or 
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diuretics during the course of the study. One or both of these drugs may be optionally 
discontinued to meet study entry criteria. 

6.1.2 Demographics 

Demographic and baseline characteristics for the randomized subject population are summarized 
by cohort in the following table 3. As shown in the following table, overall, mean age was 
appropriate for the defined age range per cohort. In Cohort A, 47.4% of subjects were ≤ 12 years 
old and 52.6% were > 12 years old. In Cohort B, 41.1% of subjects were ≤ 12 years old and 
58.9% were > 12 years old. Mean age and age distribution were similar in the low OM and high 
OM dose groups for both cohorts. The various races were equally represented in the high and 
low OM dose groups in Cohort A. In Cohort A there were more males than females (64.2% 
versus 35.8%). In Cohort B, there was an approximately equal distribution of males and females 
(50.9% and 49.1%, respectively). Distribution of males and females was comparable in the low 
and high OM dose groups in Cohort A. In Cohort B, there were more males than females in the 
low dose OM group (64.3% versus 35.7%), while there were more females than males in the 
high dose OM group (62.5% versus 37.5%).  Mean SBP was comparable in Cohorts A and B at 
baseline (129.3 and 131.2 mm Hg, respectively) as was mean DBP (77.2 and 79.3 mm Hg, 
respectively). A greater percentage of subjects in Cohort B had primary hypertension and a 
family history of hypertension (86.6% and 67.9%, respectively) compared with Cohort A (67.4% 
and 58.9%, respectively). Mean weight at baseline was only slightly greater in Cohort A 
compared with Cohort B (73.4 kg versus 67.2 kg). White (45.0%) and Asian (35.0%) were the 
primary races in Cohort C, and there were more males (56.7%) than females (43.3%). In contrast 
to Cohorts A and B, approximately two thirds of subjects in Cohort C did not have primary 
hypertension, and the majority (71.7%) did not have a family history of hypertension. 

Table 3: Demographic and Baseline Characteristics – All Randomized Subjects – Period I 
(Screening, sponsor’s table) 
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OM = olmesartan medoxomil; SD = standard deviation; SeDBP = seated diastolic blood pressure; SeSBP = seated systolic blood 
pressure 
a: n=59 
b: More than one race could have been checked. 
c: All subjects in this cohort were black; however, two were of mixed race and more than a single race could be checked. 

In Cohort A, 88.4% of all randomized subjects had previous or concurrent medical conditions at 
screening. The most frequently reported system organ class was cardiovascular disorders 
(41.1%) which primarily reflected hypertension. The next most frequently reported disorders 
were endocrine/metabolic disorders (36.8%) and eyes, ears nose, and throat disorders (35.3%). In 
Cohort B, 65.2% of all randomized subjects had previous or concurrent medical conditions at 
screening. After cardiovascular disorders (34.8%), the most frequently observed disorders were 
in the respiratory (20.5%) system organ class. In Cohort C, 88.1% of all randomized subjects had 
previous or concurrent medical conditions at screening. Genitourinary abnormalities were the 
most prevalent, and were reported in 59.3% of subjects. Cardiovascular was the second highest 
system organ class with reported history in Cohort C (30.5%). Data were summarized in the 
following tables. (A: number of patients with abnormality, B: number of patients with either 
“normal” or “abnormal” response). 
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Table 4: Medical history abnormalities in Cohort A (all randomized patients, Sponsor’s table). 

Table 5: Medical history abnormalities in Cohort B (all randomized patients, Sponsor’s table) 

Table 6: Medical history abnormalities in Cohort C (all randomized patients, Sponsor’s table) 
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6.1.3 Subject Disposition 

A total of 502 subjects were screened for the study. There were 65 centers located in the 
US (25 [20 of the 25 sites actively screened subjects and 18 sites randomized subjects into the 
study]), Africa (17 [15 of the 17 sites actively screened subjects and 12 sites randomized subjects 
into the study]), Latin America/South America (14 [all 14 sites actively screened and 13 sites 
randomized subjects into the study]), and India (9 [all 9 sites actively screened and 6 sites 
randomized subjects into the study]). Among the 502 subjects screened, 362 (72%) were 
randomized into the three cohorts (Cohort A: 190, Cohort B: 112, Cohort C: 60). The disposition 
of subjects in Cohorts A, B, and C during Periods I through IV of the study are summarized in 
the following tables. 
Table 7: Data analysis sets (sponsor’s table) 

a: Percentage is based on the number of subjects randomized to each group. 
b: Subjects who completed at least one screening procedure. 
c: Subjects who took at least one dose of study medication. 
d: Subjects who took at least one dose of study medication, had a baseline and at least one post 
baseline efficacy assessment. 

For each cohort, the percentage of subjects completing each study period is calculated using the 
number of subjects that entered that study period as the denominator. All randomized subjects in 
Cohorts A and B entered Period II. One subject in Cohort C did not receive any study drug and 
did not enter Period II. Most subjects who entered Period II completed all 3 weeks, Cohort A: 
95.8%, Cohort B: 95.5%, Cohort C: 96.7%. A total of 14 subjects withdrew (Cohort A, n = 8; 
Cohort B, n = 5; Cohort C, n = 1) during Period II and did not continue into Period III. Most 
subjects who entered Period III continued to Period IV, Cohort A: 98.4%, Cohort B: 97.2%, 
Cohort C: 98.3%. A total of seven subjects withdrew from Period III (Cohort A, n = 3; Cohort B, 
n = 3; Cohort C, n =1) and did not continue into Period IV, the 46-week open-label extension 
period. Among the subjects who continued into Period IV, 83.2% and 79.8% completed from 
Cohort A and Cohort B, respectively, and 100.0% completed from Cohort C. 

Eight subjects in Cohort A discontinued in Period II. In the low dose OM group, four subjects 
withdrew due to a protocol violation, and two due to an AE. Of the two subjects who withdrew 
in the high dose OM group, one withdrew due to an AE and the other for unknown reasons. 
Three subjects in Cohort A withdrew during Period III. All subjects were in the placebo group 
and there was one withdrawal each for AE, protocol violation, and reason unknown. A total of 
30 (16.8%) of the 179 subjects in Period IV withdrew. More than half (n = 17) were lost to 
follow-up. Most of the subjects who withdrew from Period IV were lost to follow-up (n = 17) or 
non-compliant (n = 4). One subject discontinued due to a SeSBP or SeDBP > 99th percentile. 
Five subjects in Cohort B discontinued in Period II. In the low dose OM group, one subject each 
withdrew due to SeSBP/SeDBP criteria failure, lost to follow-up, and other (unspecified). Of the 
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two subjects who withdrew in the high dose OM group, one was at the discretion of the 
investigator and the other was due to non-compliance. Three subjects withdrew during Period III. 
These were one incidence each: SeSBP/SeDBP criteria failure in the low dose OM group, 
subject request in the high dose OM group and other (unspecified) in the placebo group. A total 
of 21 (20.2%) of the 104 subjects in Period IV withdrew. Most subject who withdrew during 
Period IV were lost to follow-up (n = 6) or non-compliant (n = 4). One subject discontinued due 
to a SeSBP or SeDBP > 99th percentile. One subject in Cohort C discontinued in Period II, due to 
SeSBP or SeDBP > 99th percentile. One subject withdrew during Period III; reason unknown and 
there were no discontinuations during Period IV. 
Table 8: Subject Completion/Withdrawal Cohort A - Periods II, II, and IV (Sponsor’s table) 

a: Low dose: 2.5 mg (> 20 < 35 kg) or 5.0 mg (� 35 kg); high dose: 20.0 mg (> 20 < 35 kg) or 40.0 mg 
(≥35 kg) 
b: Percentage of randomized subjects 
c: No reason was provided. 
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Table 9: Subject Completion/Withdrawal Cohort B - Periods II, II, and IV (Sponsor’s table) 

a: Low dose: 2.5 mg (> 20 < 35 kg) or 5.0 mg (� 35 kg); high dose: 20.0 mg (> 20 < 35 kg) or 40.0 mg 
(≥ 35 kg) 
b: Percentage is of randomized subjects. 
c: No reason was provided. 

Table 10: Subject Completion/Withdrawal Cohort C - Periods II, III, and IV (Sponsor’s table) 

a: Percentage of randomized subjects. 
b: One of these subjects was discontinued for failure to meet protocol criteria prior to receiving study 
drug 
c: This subject was discontinued prior to receiving study drug for failure to meet the per protocol BP 
criteria 
d: No reason was provided. 
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6.1.4 Analysis of Primary Endpoint(s) 

The primary analysis was to assess the dose response in SeSBP or in SeDBP for subjects 6 to 16 
years of age at the end of Period II in Cohort A, Cohort B, and Cohort A + B (all of the patients). 
All comparisons were performed at 2-sided 5% significance level. For handling missing data at 
Week 3 in Period II and Week 5 in Period III, the LOCF method was used in the analyses of 
efficacy variables. 

In Period II, low and high doses of OM were effective in reducing SeSBP and SeDBP in 
pediatric subjects 6 to 16 years old overall. Change from baseline for all of these cohorts in 
Period II is shown in the following tables. The mean changes in SeSBP from the study baseline 
to the end of Period II with the last observation carried forward (LOCF) were -7.76 mmHg and ­
12.58 mmHg for low and high OM doses, respectively, in Cohort A and -4.73 mmHg and – 
10.68 mmHg for low and high OM doses, respectively, in Cohort B. The mean changes in 
SeDBP from the study baseline to the end of Period II with the LOCF were -5.52 mmHg and ­
9.50 mmHg for low and high OM doses, respectively, in Cohort A, and -3.49 mmHg and -7.58 
mmHg for low and high doses, respectively, in Cohort B. 
Table 11: Mean Change From Baseline in SeSBP (mm Hg) for Cohorts A, B and A + B (ITT 
population, Sponsor’s table) 
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Table 12: Mean Change From Baseline in SeDBP (mm Hg) for Cohorts A, B and A + B (ITT 
population, Sponsor’s table) 

A statistically significant OM dose response for both SeSBP and SeDBP with and without 
baseline body weight adjustment was observed in all cohorts shown in the following tables and 
figures.  

Table 13: Effect of Olmesartan Medoxomil on Change from Baseline in SeSBP (mm Hg) at 
Week 3 with and without LOCF (ITT population, Sponsor’s table) 
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Table 14: Effect of Olmesartan Medoxomil (Baseline Weight adjusted) on Change from Baseline 
in SeSBP (mmHg) at Week 3 with and without LOCF (ITT population, Sponsor’s table) 

Table 15: Effect of Olmesartan Medoxomil on Change from Baseline in SeDBP (mm Hg) at 
Week 3 with and without LOCF (ITT population, Sponsor’s table) 

Table 16: Effect of Olmesartan Medoxomil (Baseline Weight adjusted) on Change from Baseline 
in SeDBP (mmHg) at Week 3 with and without LOCF (ITT population, Sponsor’s table) 
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Figure 3: Linear Regression Analysis on Weight-adjusted Dose for Change from Baseline in 
SeSBP in Cohort A + B at End of Period II with LOCF (ITT population, Sponsor’s figure) 

Figure 4: Linear Regression Analysis on Weight-adjusted Dose for Change from Baseline in 
SeDBP in Cohort A + B at End of Period II with LOCF (ITT population, Sponsor figure) 

6.1.5 Analysis of Secondary Endpoints(s) 

The secondary endpoints were to examine the BP changes from the Period III baseline to the end 
of Period III. Data were summarized in the following tables. During Period III, analyses of 
Cohort A and the combined Cohort A+B showed that subjects continuing on OM (low dose or 
high dose) maintained the lower mean SeSBP and SeDBP values achieved at the end of Period II 
whereas subjects switched to placebo did not. For Cohort A and Cohort A+B, there were no 
clinically relevant or statistically significant changes in mean SeSBP and SeDBP during Period 
III in the OM group. In contrast, mean SeSBP increased by 4.93 mm Hg and 4.50 mm Hg for 
placebo withdrawal subjects in Cohort A and Cohort A+B, respectively. Mean SeDBP increased 
by 4.43 mm Hg and 3.99 mm Hg for placebo withdrawal subjects in Cohort A and Cohort A+B, 
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respectively. The difference of LS mean in both SeSBP and SeDBP between OM and placebo 
was statistically significant in both Cohort A and Cohort A+B. 

During Period III, the treatment effect of OM was not maintained for Cohort B. Increases in 
mean SeSBP and SeDBP values were noted in subjects continuing OM (SeSBP/SeDBP: 
1.37/1.94 mm Hg) and those on placebo withdrawal (SeSBP/SeDBP: 3.79/3.25 mm Hg); the 
difference of LS mean in both SeSBP and SeDBP between OM and placebo was not statistically 
significant. 

Table 17: Treatment Comparison for Change in SeSBP and SeDBP (mmHg) in Period III for 
Cohorts A, B and A + B (ITT population, Sponsor’s table) 

 Analysis was based on the ANCOVA model with treatment and country as factors and end of dose ranging BP value as
 
covariate.
 
Table 18: Mean Change From Start of Period III in SeSBP (mm Hg) by Visit and Treatment 

Group During Period III for Cohorts A, B, and A + B (ITT population, Sponsor’s table) 
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Table 19: Mean Change From Start of Period III in SeDBP (mm Hg) by Visit and Treatment 
Group During Period III for Cohorts A, B, and A + B (ITT population, Sponsor’s table) 

6.1.6 Other Endpoints 

6.1.6.1. Period IV results for Cohort A and B: mean changes from study baseline in SeSBP and 
SeDBP were analyzed for Period IV. At all Period IV visits, for all cohorts, mean SeSBP and 
mean SeDBP were reduced relative to study baseline. The mean reduction from study baseline in 
SeSBP for Period IV in Cohort A and Cohort A + B was consistently ≥ 10 mm Hg at all visits 
during the 46-week treatment period, and ranged from 11.1 to 12.7 mm Hg for Cohort A and 
from 10.2 to 12.9 mm Hg for Cohort A + B. In Cohort B, the mean reduction from study baseline 
ranged from 7.5 mm Hg to 13.1 mm Hg. The mean reduction from study baseline in SeDBP in 
Cohort A was similar to that observed for Cohort A + B in Period IV. At Period IV visits, Cohort 
A mean reductions in SeDBP ranged from 7.3 mm Hg to 9.8 mm Hg and in the combined Cohort 
A + B, mean reductions in SeDBP were between 6.6 mm Hg and 9.2 mm Hg. As noted for 
SeSBP, the magnitude of mean reductions from study baseline was smaller in Cohort B (5.2 mm 
Hg to 8.2 mm Hg) compared with either Cohort A or Cohort A + B. Data were summarized in 
the following tables.  
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Table 20: Mean Change from Study Baseline in SeSBP (mm Hg) by Visit and Treatment Group 
during Period IV for Cohorts A, B, and A + B (ITT population, Sponsor table) 

Table 21: Mean Change From Study Baseline in SeDBP (mm Hg) by Visit and Treatment Group 
during Period IV for Cohorts A, B, and A + B (ITT population, Sponsor table) 

6.1.6.2. Period II and III results for Cohort C 
Mean changes from study baseline in SeSBP and SeDBP in Cohort C during Period II and Period 
III are shown in the following tables. In this open-label period II study, the mean reduction from 
study baseline Cohort C at the end of Period II with the last observation carried forward was ­
13.31 mmHg for SeSBP and - 10.42 mmHg for SeDBP. Like the results in Cohorts A and B. The 
antihypertensive effect was largely manifest within one week and reached the peak levels after 2 
weeks. 

In this withdrawal Period III study, mean increases in SeSBP were noted for subjects continuing 
on OM (1.36 mm Hg) and subjects on placebo (4.95 mm Hg). The mean increase in SeSBP was 
numerically larger for the placebo withdrawal subjects compared with the subjects continuing on 
OM. However, the differences in the LS means were not statistically significant. This could be 
due to the small sample size. Similar results were observed for SeDBP. Mean SeDBP values 
increased for both subjects continuing on OM (0.31 mm Hg) and subjects on placebo (3.77 mm 
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Hg). The mean increase in SeDBP was numerically larger for the placebo withdrawal subjects 
compared with the subjects continuing on OM but not statistically significant. 
Table 22: Mean Change from Study Baseline in SeSBP and SeDBP (mm Hg) by Visit During 
Period II for Cohort C (ITT population, Sponsor table) 

Table 23: Change from Period III Baseline in SeSBP and SeDBP (mmHg) by Visit and 
Treatment Group for Cohort C (ITT population, Sponsor table) 

6.1.6.3. Period IV results for Cohort C: Mean changes from study baseline in SeSBP and SeDBP 
in Cohort C were analyzed for Period IV and the data are shown in the following table. At all 
visits, mean BP values were reduced relative to study baseline. The mean reduction from study 
baseline in SeSBP in Cohort C ranged between 13.6 and 16.4 mm Hg. The mean reduction from 
study baseline in SeDBP in Cohort C ranged between 11.0 and 14.0 mm Hg. 
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Table 24: Mean Change From Study Baseline in SeSBP and SeDBP (mm Hg) by Visit During 
Period IV for Cohort C (ITT population, Sponsor table) 

6.1.7 Subpopulations 

The difference of black and non-black population were analyzed. In the Period II study, the mean 
reductions for both SeSBP and SeDBP were consistently greater in the high-dose OM group than 
in the low-dose OM group for both subgroups. Non-Blacks appeared to have a greater response 
to OM treatment than Blacks. Data were summarized in the following tables.  
Table 25: Black and Non-Black Mean Change from Baseline in SeSBP (mm Hg) for Cohort A + 
B (ITT population, Sponsor table) 

Table 26: Black and Non-black Mean Change from Baseline in SeDBP (mm Hg) for Cohort A + 
B (ITT population, Sponsor table) 

36 




 
 

 
  

 

 
 

 

  

 

 

 

 

 

 

Clinical Review 
Shen Xiao MD., Ph.D. 
NDA 21-286/SN018 Pediatric Studies 
Benicar (Olmesartan Medoxomil) tablets 

Regarding the Period III study, in Cohort A, there were total 181 patients at the end of Phase III 
study. The race distribution was 62% white, 18% black, 10% Asia, and 14% other races (subject 
could check more than one race). In Cohort A+B, there were total 286 patients. The race 
distribution was changed to 39% white, 48% black, 6% Asia, and 9% other races. In both Cohort 
A and Cohort A+B study, the differences of LS mean in both SeSBP and SeDBP between OM 
and placebo were statistically significant. However, the difference was not statistically 
significant in black people only in Cohort B. Please see details in 6.1.5 secondary endpoint 
discussion. 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

As weight is the only covariate that influences the PK characteristics of OM, it is reasonable 
using weight as the cut-off for defining the dose.  

The highest dose approved in adults is 40 mg qd. At this dose, the BP lowering effect is close to 
the maximal. In the population pharmacokinetic analysis of the pooled dataset, clearance of OM 
in pediatric subjects weighing 35 kg is approximately 57% of the clearance of a 70 kg individual 
(the reference adult weight) and approximately 49% of the clearance of an adult weighing 86 kg. 
A simulation based on the population PK model, using the individual post hoc clearances from 
the pediatric data set supported 35 kg as an appropriate body weight cutoff to achieve similar 
olmesartan exposure in children as with a 20 mg dose in adults. Data were shown in the 
following figure.  
Figure 5: Relationship between Individual Post-hoc Clearances and Weight in Pediatric 
Population Pharmacokinetic Model 

Based on all of the data to date, including the PK/PD modeling and simulation, the Sponsor 
provided the following dose recommendation: 
• Body weight between 5 and 20 kg (above 1 year of age): OM 0.3mg/kg/day, to be increased to 

OM 0.6 mg/kg/day if there is an insufficient effect on BP when 0.3 mg/kg/day is given. 

37 




 
 

 
 

  

  

 
 

 

 

  

 

 
  

  
 

 
  

  

 

 

 

Clinical Review 
Shen Xiao MD., Ph.D. 
NDA 21-286/SN018 Pediatric Studies 
Benicar (Olmesartan Medoxomil) tablets 
• Body weight between 20 and 35 kg: OM 10 mg/day, to be increased to OM 20 mg if there is an 

insufficient effect on BP when 10 mg/day is given. 
• Body weight ≥ 35 kg: OM 20 mg/day, to be increased to OM 40 mg if there is an insufficient 

effect on BP when 20 mg/day is given. 

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

In Cohort A and Cohort A+B in Period III, analyses showed that subjects continuing on OM 
maintained the lower mean SeSBP and SeDBP values achieved at the end of Period II whereas 
subjects switched to placebo did not. In Cohort B, however, there was only a numeric reduction 
of SeSBP and SeDBP in OM maintained compared to placebo without statistical difference.  

There was no indication of a tolerance effect during the study. During the 46-week open-label 
OM period of the study, BP was consistently lower than study baseline with no clear reduction in 
the magnitude of BP lowering over time. However, since this is an open label study and there are 
patients dropouts, it is hard to make the final conclusion based on these data. 

6.1.10 Additional Efficacy Issues/Analyses 

N/A 

7 Review of Safety 

Safety Summary 
There were no deaths in the study. One SAE, a relapse in SLE, was considered to be drug 
related. The majority of TEAEs were mild or moderate. Headache was the predominant 
TEAE for Cohorts A and B. The incidence of headache was higher in subjects taking the high 
OM dose. Otherwise, the incidence of Period II (dose-response period) TEAEs was similar for 
the high and low dose OM groups within Cohort A and within Cohort B. During Period III 
(randomized withdrawal study), the incidence rate of TEAEs for subjects on the low OM dose 
was similar to that for subjects taking placebo for Cohorts A and B. For Cohort C, Period II 
TEAE incidence rate was similar to that observed for Cohort B in Period II, and in Period III, the 
placebo group had a higher incidence of TEAEs compared with subjects continuing OM.  

During Period IV (46-week long-term open label study), the TEAE incidence was highest in 
Cohort C (80.7%) compared with Cohort A (71.9%) and Cohort B (54.4%). The higher incidence 
rate of Period IV TEAEs observed in Cohort C is considering the pre-existing co-morbidities in 
Cohort C subjects. Infections and infestations was the dominant system organ class for TEAEs in 
all cohorts in Period IV; however, headache remained the most frequently reported TEAE for 
Cohorts A and B. Reports of syncope were limited to one TEAE in one subject, and hypotension 
was one time each for four subjects. No subjects discontinued from the study for syncope or 
hypotension. 

38 




 
 

  
 

 

 
 

    
 

  
 

   
 

  

  

 
 

 

 

  

  

 
 

   

Clinical Review 
Shen Xiao MD., Ph.D. 
NDA 21-286/SN018 Pediatric Studies 
Benicar (Olmesartan Medoxomil) tablets 
Hematological laboratory values for hemoglobin and hematocrit shifted from normal at study 
start to low at the end of the study. This was not unexpected, as this is seen in the adult 
population as well. Also like the findings in the adult, there were shifts in potassium from normal 
at study baseline to high at the end of the study. TEAEs of hyperkalemia were reported 5 times 
for 4 subjects in Cohort A and a total of four reports of pseudo-hyperkalemia in four subjects 
(Cohort A, n = 3; Cohort C, n = 1) occurred. The increase in potassium for the subjects with 
hyperkalemia and those with pseudo-hyperkalemia were similar (0.4 – 1.1mmol/L and 0.1 – 1.0 
mmol/L above the normal range of 5.0 mmol/L, respectively). There were no AEs of increased 
potassium in Cohort B and no specific trend or dose relationship was seen. Laboratory values for 
some serum chemistry parameters such as CPK and ALT were elevated during the study for 
some subjects. In the majority of cases, these values were high at study entry and were not 
considered clinically relevant. No causative factor was readily identifiable for either the CPK or 
ALT abnormalities. Increased BUN and creatinine were also seen but there were no clinically 
relevant changes from baseline as some subjects had increased serum concentrations for BUN 
and creatinine at study entry and/or these changes were minor. One patient had significant 
change of serum level of creatinine. However, this patient had recurrent urinary tract infections, 
vesicoureteral reflux, ureterocele, and ongoing moderate chronic renal insufficiency, and 
therefore, was not considered as a drug-related change.  

7.1 Methods 

7.1.1	 Studies/Clinical Trials Used to Evaluate Safety 

There are three studies including Study CS0866-A-U101, U102, and U301 with OM suspension 
and tablets to determine suitability for a hypertensive pediatric population, 1 to 16 years of age. 
Studies in which safety was assessed are provided in the following table. As discussed in the 
section 5.3, Study CS0866-A-U301 is the pivotal study for both efficacy and safety analysis.  

7.1.2	 Categorization of Adverse Events 

Adverse events reported during each of the studies were classified using the Medical Dictionary 
for Regulatory Activities (MedDRA). For study C S0866-A-U101 MedDRA version 7.1 was 
used. For studies CS0866-A-U102 and CS0866-A-U301, MedDRA version 8.1 was used.  

7.1.3	 Pooling of Data across Studies/Clinical Trials to Estimate and Compare 
Incidence 

Since the designs of the three studies were different, the incidence of adverse events is not 
pooled and compared across the studies. The safety data were listed and described by individual 
study. 
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7.2 Adequacy of Safety Assessments 

7.2.1	 Overall Exposure at Appropriate Doses/Durations and Demographics of 
Target Populations 

Three studies were evaluated for safety in children. In the Study CS0866-A-U101, the 24 
subjects who completed both arms of the study received a single oral 40-mg OM tablet and a 
single oral 40-mg OM dose in suspension for a total of 80 mg over the entire study period. Two 
subjects received only one treatment (tablet) of the crossover study. In Study CS0866-A-U102, 
all enrolled subjects received a single dose of OM based on age and weight. Subjects < 6 years of 
age (n = 4) received a single 0.3 mg/kg OM dose. One subject in the 6 to 12 year-old age group 
weighed 33.0 kg received a single 20-mg OM dose. All (n = 19) other subjects that were 6 to 16 
years old weighed ≥ 35 kg received a single 40-mg OM dose. 

In the pivotal Study CS0866-A-U301, a total of 361 subjects were included in the safety 
population, defined as subject who took at least one dose of study drug. The number of subjects 
in each cohort and received treatments are shown by period in the following tables. All subjects 
received OM and a total of 194 subjects also received placebo during the 2-week placebo-
withdrawal period of the study. 
Table 27: Number of Subjects in Study CS0866-A-U301 (Sponsor’s table) 

Table 28: Treatments Administered in Study CS0866-A-U301 (Sponsor’s table) 
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a: Subjects could titrate to double the initial dose, provided they were not intolerant and had not reachedthe SeSBP goal after 2 
weeks. Additional antihypertensives (except another ARB or an ACE inhibitor) could be added to reach BP goals as assessed by 
and at the discretion of the investigator. Back titration of OM also could be performed. 
b : During Period IV, the 10 mg dose could be administered as 2 x 5 mg tablets and the 20 mg dose could be administered as a 20 
mg tablet. The 40 mg dose could be administered as 2 x 20 mg tablets. 

Overall, the extent of exposure was consistent with the Written Request. In Cohort A and Cohort 
B, mean extents of exposure to the low and high OM doses were similar in Period III.  During 
Period IV, mean extents of exposure to OM 10 mg, 20mg, and 40 mg, once a day, were 254.2, 
202.6, and 234.8 days, respectively for Cohort A and mean extents of exposure to OM 10mg, 
20mg, and 40mg, once a day were 212.5, 176.3, and 280.9 days, respectively for cohort B. In 
Cohort C, mean extents of exposure of OM 0.3 mg/kg were comparable to that of placebo during 
Period III.  Mean exposures to OM 0.3 mg/kg and 0.6mg/kg were similar in Period IV. Data 
were summarized in the following table. 

Table 29: CS0866-A-U301: Extent of Exposure (days) – Safety Population (Sponsor’s table) 

Subject demographics and other characteristics at study baseline are provided by study in the 
following tables. For studies CS0866-A-U101 and CS0866-A-U102 demographics were 
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summarized for all enrolled subjects and for study CS0866-A-U301 the demographics were 
summarized for all randomized subjects. 

In Study CS0866-A-U101, the majority of healthy adult subjects in this study were male (22/26, 
84.6%) and White (19/26, 73.1%). In Study CS0866-A-U102, the mean age of all subjects in the 
study was 11.2 years, with a range of 4 to 16 years. Exactly 50% of the subjects in the 6 to12 
(Group 3, n = 10) and 13 to 16 (Group 4, n = 10) year age groups were male and half were 
female. In the 2 to 5 (Group 2, n = 4) year age group, there were three females and one male. The 
majority of subjects (66.7%) were Black. No subjects were enrolled in the 12 to 23 month 
(Group 1) age group. In Groups 3 and 4, all subjects except one weighed ≥ 35 kg. Six subjects in 
the 13 to 16 year age group and four in the 6 to 12 year age group weighed over 80 kg. 

In Study CS0866-A-U301, overall, mean age was appropriate for the protocol-specified age 
ranges in Cohorts A and B. Mean age and age distribution were similar for subjects receiving 
low and high OM doses. Race distribution met the Written Request specifications for Cohorts A 
and B. The various races were equally represented in subjects receiving low and high OM doses 
in Cohort A. In Cohort A, there were more males than females; whereas in Cohort B, there was 
an approximately equal distribution of males and females. Distribution of males and females was 
comparable in subjects receiving low and high OM doses within each cohort. Mean BP was 
comparable in Cohorts A and B at baseline. A greater percentage of subjects in Cohort B had 
primary hypertension and a family history of hypertension compared with Cohort A. White 
(45.0%) and Asian (35.0%) were the primary races in Cohort C (1 to 5 years old), and there were 
more males than females. Most subjects in Cohort C did not have primary hypertension and did 
not have a family history of hypertension. Unlike Cohort A or Cohort B, comorbid kidney 
abnormalities such as nephrotic syndrome were present in 59.3% of subjects. 
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Table 30: CS0866-A-U101 and CS0866-A-U102 - Key Demographic and Baseline 
Characteristics (Sponsor’s table) 

a: Subjects were allowed to check more than one race. 

Table 31: CS0866-A-U301 - Key Demographic and Baseline Characteristics (Sponsor’s table) 

a: n=59 
b: Subjects were allowed to check more than one race. 
c: All subjects in this cohort were black; however, two were of mixed race and more than one race could be checked. 
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Subject completion information by study period is summarized in the following tables for the 
study Cohorts A, B, and C. Most subjects who entered Period II completed all 3 weeks, Cohort 
A: 95.8%, Cohort B: 95.5%, Cohort C: 96.7%. A total of 14 subjects withdrew (Cohort A, n = 8; 

Cohort B, n = 5; Cohort C, n = 1) during Period II and did not continue into Period III. Most 

subjects who entered Period III continued to Period IV, Cohort A: 98.4%, Cohort B: 97.2%, 

Cohort C: 98.3%. A total of seven subjects withdrew from Period III (Cohort A, n = 3; Cohort B,
 
n = 3; Cohort C, n =1) and did not continue into Period IV, the 46-week open-label extension 

period. Among the subjects who continued into Period IV, 83.2% and 79.8% completed from 

Cohort A and Cohort B, respectively, and 100.0% completed from Cohort C. 

Table 32: CS0866-A-U301: Subject Completion/Withdrawal Cohort A in Periods II, III, and IV
 
(Sponsor’s table) 

a: Low dose: 2.5 mg (> 20 but < 35 kg) or 5.0 mg (≥35 kg); high dose: 20.0 mg (> 20 but < 35 kg) or 40.0 mg (≥ 35 kg) 
b: Percentage of subjects at the start of each period 
c: No reason was provided. 
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Table 33: CS0866-A-U301 - Subject Completion/Withdrawal Cohort B - Periods II, III, and IV 
(Sponsor’s table) 

a: Low dose: 2.5 mg (> 20 but < 35 kg) or 5.0 mg (� 35 kg); high dose: 20.0 mg (> 20 but < 35 kg) or 40.0 mg (≥ 35 kg) 
b: Percentage of subjects at the start of each period 
c: No reason was provided. 

Table 34: CS0866-A-U301 - Subject Completion/Withdrawal Cohort C -Periods II, III, and IV 
(Sponsor’s table) 

a: Percentage of randomized subjects. 
b: One subject was discontinued for failure to meet protocol criteria prior to receiving study drug. 
c: No reason was provided. 
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7.2.2 Explorations for Dose Response 

Dose-response study was conducted in Study CS0866-A-U301. Overall, there was no clear 
relationship between the dose and adverse events other than the headache which showed a high 
incidence rate in high dose group.  

In the dose-ranging period of study (period II), the percentages of subjects with treatment 
emergent adverse event (TEAEs) were similar for the low- and high-dose OM groups. There 
were more subjects with TEAEs in Cohort A (43.2 % OM low dose and 47.4% OM high dose) 
than in Cohort B (33.9% and 28.6%, respectively). There were three subjects with SAEs (low 
OM dose [n = 1], high OM dose [n = 2]) from Cohort A, and there were no SAEs in Period II in 
Cohort B. Two subjects discontinued due to TEAEs in the low OM dose group of Cohort A no 
discontinuations due to TEAEs in Cohort B. Data were summarized in the following table.  

Table 35: Overview of TEAEs for Cohorts A and B during Period II – All Randomized Subjects 
(Sponsor’s table) 

a: Percentage is based on the number of subjects in each OM treatment group. 
b: Low dose OM is 2.5 mg qd for subjects weighing > 20 kg and < 35 kg and 5.0 mg qd for subjects weighing > 35 kg. 
c: High dose OM is 20 mg qd for subjects weighing > 20 kg and < 35 kg and 40 mg qd for subjects weighing > 35 kg 

During the withdrawal study of Period III in Cohort A, the incidence of TEAEs was greater for 
subjects taking the high OM dose compared with either subjects taking the low OM dose or 
placebo. Within Cohort B, the incidence of TEAEs was slightly greater for subjects taking the 
high OM dose compared with subjects taking the low OM dose and slightly greater or the same 
compared with subjects taking placebo. The majority of TEAEs in both cohorts were mild or 
moderate. Data were summarized in the following table. There was one SAE (pyelonephritis) in 
the high OM dose group in Cohort B which resolved with treatment.  
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Table 36: Overview of TEAEs for Cohorts A and B During Period III – All Randomized 
Subjects (Sponsor’s table) 

a: Percentage is based on the number of subjects in each OM or placebo treatment group. 
b: This reflects the treatment received during Period II (low or high dose OM). 
c: During Period III, subjects were randomized to continue on the Period II dose of OM (low or high dose) or to begin placebo 
treatment. Low dose OM is 2.5 mg qd for subjects weighing > 20 kg and < 35 kg and 5.0 mg qd for subjects weighing > 35 kg. 
High dose OM is 20 mg qd for subjects weighing > 20 kg and < 35 kg and 40 mg qd for subjects weighing > 35 kg. 
d: Drug-related events were those considered to be possibly, probably, or definitely related to study medication. 

7.2.3 Special Animal and/or In Vitro Testing 

Neither special animal nor in vitro testing was done. 

7.2.4 Routine Clinical Testing 

The routine clinical testing including adverse event data collection in both short-term and long-
term studies, monitoring laboratory parameters, vital signs, and physical examinations are 
adequate.  In addition, the specific tests for children including the height, weight and 
developmental assessments were considered adequate according to the Written Request Protocol.  

7.2.5 Metabolic, Clearance, and Interaction Workup 

The pharmacokinetic workup in children appears adequate. Please see the FDA clinical 
pharmacology review for a detailed discussion. 

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

Several ACEI/ARB products such as Enalapril, Fosinopril, Quinapril, losartan, and Irbesartan 
have been evaluated in children. Adverse events are similar to the adults. No new additional 
adverse events were discovered.  
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7.3 Major Safety Results 

7.3.1 Deaths 

There were no deaths in the studies.  

7.3.2 Nonfatal Serious Adverse Events 

There were no SAEs in either study CS0866-A-U101 or study CS0866-A-U102. In Study C 
S0866-A-U301, Cohort A, 12 subjects had a total of 23 SAEs. In Cohort B, four subjects had a 
total of eight SAEs. One of these SAEs, relapse of systemic lupus erythematosus (SLE) was 
severe, considered possibly related to study drug, and resulted in the subject discontinuing study 
drug. The SAE was ongoing at the time of discontinuation. In a post study follow-up 33 months 
after the subject discontinued (February 2009), SLE was in remission but still required treatment. 
In Cohort C, five subjects had a total of six SAEs. SAEs are shown by cohort in the following 
table. 

Table 37: CS0866-A-U301 - Serious Treatment Emergent Adverse Events during the Study for 
All Cohorts - Safety Population (Sponsor’s table) 
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a: Dose assigned at the time the SAE occurred 
b: Follow-up showed improvement; not resolved at the time of the last follow-up. 
c: Investigations into the systemic lupus erythematosis relapse were ongoing at the time of the last follow-up. 
d: Follow-up on 12 February 2009 shows subject in remission but still requiring treatment. 
e: Follow-up on 12 February 2009 shows subject in remission but still requiring treatment. 
f: At the last follow-up during the study the SAE was improving, however subsequent follow-up showed remnant lesion: 
blindness. 

7.3.3 Dropouts and/or Discontinuations 

No subjects discontinued due to TEAEs in either study CS0866-A-U101 or study CS0866-A­
U102. In stud y C S0866-A-U301, four subjects discontinued due to TEAEs in Cohort A (2 on 
OM 5 mg qd during Period II, 1 on placebo during Period III, and 1 on OM 20 mg qd during 
Period IV) and one subject discontinued due to a TEAE in Cohort B (OM 10 mg qd during 
Period IV). There were no discontinuations due to TEAEs in Cohort C. For two of the subjects, 
the events leading to discontinuation were also SAEs. In Cohort A, one subject was hospitalized 
for laparoscopic band placement surgery due to a metabolic disorder. In Cohort B, one subject 
had a SLE relapse. The following table lists all subjects who discontinued due to an AE by study 
cohort. 
Table 38: CS0866-A-U301 - Subjects Who Discontinued Due to Treatment Emergent Adverse 
Events by Cohort - Safety Population (Sponsor’s table) 

a: Follow-up on 12 February 2009 shows subject in remission but still requiring treatment. 

7.3.4 Significant Adverse Events 

There were no significant AEs other than discussed above. However, as expected, minor reduced 
hemoglobin and hematocrit, increased serum levels of potassium, blood urea nitrogen and 
creatinine in some subjects were observed. In addition, increased CPK (creatine phosphokinase) 
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and liver enzymes were found in some subjects. These changes were not considered clinically 
meaningful changes. Please see the detailed discussion in the section of 7.4.2 laboratory findings.  

Increased CPK was reported in one subject in study CS0866-A-U101. The subject had a CPK at 
screening of 282 U/L (normal range, 0 to 215 U/L). At the post-study assessment, the CPK had 
increased to 1,059 U/L. During follow-up approximately 2.5 months later, the CPK was reached 
to 13,647 U/L without any other clinical manifestations. The patient claimed that he had moved 
heavy furniture the previous day. The CPK was 230 U/L at the subsequent follow-up after 3 
months post-study. 

7.3.5 Submission Specific Primary Safety Concerns 

There were no primary safety concerns from this particular study. 

7.4 Supportive Safety Results 

7.4.1 Common Adverse Events 

In studies of CS0866-A-101 and 102, all TEAEs were considered mild in intensity and all 
subjects recovered from all events. In Study CS0866-A-101, one of 24 subjects reported fatigue 
after taking the OM suspension and one of 26 subjects reported fatigue after taking the OM 
tablet. Asthenia and dizziness occurred after taking the OM tablet and headache occurred after 
taking the OM suspension. Nausea and joint sprain occurred each. In Study CS0866-A-102, four 
(16.7%) of the 24 subjects experienced six TEAEs. One subject in the 2 to 5 year age group 
experienced headache and fatigue. In the 6 to 12 year age group, TEAEs were somnolence and 
diarrhea (one subject) and abdominal pain (one subject). In the 13 to 16 year age group one 
subject had a high white blood cell count (WBC) in the urine (12/high power field at the end-of­
study laboratory assessment). Data were summarized in the following tables.  
Table 39: CS0866-A-U101 - Treatment Emergent Adverse Events 

a: This study was a crossover design with a total N of 26 subjects. All 26 received the tablet 
formulation and 24 received the suspension. 
b: Subjects could have more than one TEAE. 
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Table 40: CS0866-A-U102 - Treatment Emergent Adverse Events 

a: Subjects in this study were given 20 mg or 40 mg OM based on body weight. One of the subjects was given the 20-mg dose 
and did not report any TEAEs. All other subjects in this group received the 40 mg dose. 

In Study CS0866-A-U301, during the dose-ranging period of the study (Period II), the incidence 
of TEAEs was greater in Cohort A (45.3%) than in Cohort B (31.3%), but comparable for 
subjects taking low and high OM doses within each of these cohorts. During the placebo 
withdrawal period of the study (Period III), the incidence of TEAEs was also greater in Cohort A 
(33.0%) than in Cohort B (14.0%) and greatest in subjects taking the high OM dose within each 
cohort. The incidence of TEAEs in subjects taking the low OM dose was not different from that 
for subjects taking placebo in either cohort. In Cohort C, the incidence rates of TEAEs was 
28.6% in placebo and 17.2% in OM treated group, respectively. 

Overall during the study in all cohorts, the majority of TEAEs was mild or moderate in intensity. 
Headache was the most frequently reported TEAE in Cohorts A and B and the incidence of 
headache was higher in subjects taking the high OM dose. Dizziness was a commonly reported 
TEAE. There were reports of dizziness in 23 subjects during the entire study in Cohort A (Period 
II, n = 11; Period III, n = 2; Period IV, n = 10). In Cohort B there were three reports of dizziness 
overall in three subjects. There was one report of dizziness in Cohort C during Period III for a 
subject taking placebo. One subject in Cohort A discontinued the study due to dizziness while 
taking placebo in Period III. Reports of syncope were limited to one TEAE in one subject in 
Cohort A during Period IV while taking 20 mg OM. Hypotension was reported one time each for 
four subjects, one subject in Cohort A in Period IV (40 mg OM) and three subjects in Cohort B, 
one in Period III (20 mg OM) and two in Period IV (20 mg and 40 mg OM). No reports of 
syncope or hypotension were reported for Cohort C. No subjects discontinued from the study due 
to syncope or hypotension in any cohort. Data were summarized in the following table. 
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Table 41: CS0866-A-U301 - Treatment Emergent Adverse Events Reported by≥ 2% of Subjects 
in Cohorts A, B, or C During Period II-Safety Population (sponsor’s table) 

7.4.2 Laboratory Findings 

In Study CS0866-A-101, increased creatine phosphokinase (CPK) was reported in one subject.  
The subject had a CPK at screening of 282 U/L (normal range, 0 to 215 U/L). At the post-study 
assessment, the CPK had increased to 1,059 U/L. During follow-up approximately 2.5 months 
later, the CPK was 13,647 U/L reportedly due to moving heavy furniture the previous day. This 
issue was resolved at the subsequent follow-up, 3 months post-study, at which time the CPK was 
230 U/L. In Study CS0866-A-102, increased was reported in one subject. The subject had 
increased WBCs in the urine (n = 12/high power field [hpf], normal range, 0 – 5/hpf) at the end­
of-study laboratory assessment. No laboratory assessment was done at screening; therefore, there 
is no comparison with baseline. 

Like the studies conducted in adults, in the pivotal study of Study CS0866-A-301, 7.1% subjects 
in Cohort A and 8.4% in Cohort B had shifts from normal at the beginning of the study to low at 
the end of the study in hemoglobin, and 7.1% subjects in Cohort A and 7.5% in Cohort B had 
shifts from normal at the beginning of the study to low at the end of the study in hematocrit. Four 
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patients in Cohort A and 2 patients in Cohort B had more than 10% hemoglobin reductions from 
baseline with the lowest level of 9.1g/dl (normal low range was 11.5g/dl). Three patients in 
Cohort A and 2 patients in Cohort B are below the normal range. No patients had hemoglobin 
reductions more than 30% compared to baseline. The frequency and magnitude of these changes 
are similar to the adult studies. No hematological shifts were seen in Cohort C. Data were 
summarized in the following tables. Overall these changes are not considered, clinically 
meaningful change.  
Table 42: Changes of Hemoglobin, Hematocrit, and Red Blood Cells in Cohort A (Sponsor’s 
table) 

Table 43: Changes of Hemoglobin, Hematocrit, and Red Blood Cells in Cohort B (Sponsor’s 
table) 

53 




 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 

 

Clinical Review 
Shen Xiao MD., Ph.D. 
NDA 21-286/SN018 Pediatric Studies 
Benicar (Olmesartan Medoxomil) tablets 
Table 44: CS0866-A-U301: Patients with more than 10% Reduction of Hemoglobin from 
Baseline for All Cohorts and All Periods (Reviewer’s table) 
Subject No. Visit Dosage Hemoglobin (g/L) Normal low value of  Hemoglobin (g/L) 

Cohort A 
11187 1.0 N/A 124 120 

2.3 40 mg 112 120 
4.7 20 mg 101 120 

10158 1.0 N/A 138 120 
2.3 5 mg 134 120 
4.7 40 mg 118 120 

11205 1.0 N/A 133 120 
2.3 40 mg 128 120 
4.7 40 mg 110 120 

10119 1.0 N/A 136 115 
2.3 20 mg 122 115 
4.7 20 mg 113 115 

Cohort B 
20136 1.0 N/A 137 115 

2.3 5 mg 135 115 
4.7 40 mg 109 115 

20176 1.0 N/A 113 115 
2.3 5 mg 119 115 
4.7 40 mg 91 115 

As expected, there were shifts in serum potassium from normal at study baseline to high at the 
end of the study in Cohort A (5.0%), Cohort B (7.9%), and Cohort C (8.9%). TEAEs of 
hyperkalemia were reported five times for four subjects in Cohort A. There were a total of four 
reports of pseudohyperkalemia in four subjects (Cohort A, n = 3; Cohort C, n = 1). The increase 
in potassium for the subjects with hyperkalemia and those with pseudohyperkalemia was similar 
(0.4 – 1.1 mmol/L and 0.1 – 1.0 mmol/L above the upper limit of the normal range of 5.0 
mmol/L, respectively). There were no TEAEs of increased potassium in Cohort B. No specific 
trends or dose relationship was seen. Data were summarized in the following table. 
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Table 45: Hyperkalemia reported as TEAEs for all Cohorts and All Periods (Sponsor’s table)

  N/A = not applicable; USV = unscheduled visit; unk = unknown 
a: Dosage at the time of laboratory testing 

Laboratory values for some serum chemistry parameters such as CPK and alanine 
aminotransferase (ALT) were elevated during the study for some subjects. In the majority of 
cases, these values were high at study entry and were not considered clinically relevant. No 
causative factor was readily identifiable for either the CPK or ALT abnormalities. The changes 
of CPK may be related to normal growth or physical activity in this pediatric population. 
Laboratory (CPK and ALT) abnormalities are shown in the following tables for all study cohorts. 
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Table 46: CS0866-U-301 - Abnormalities in CPK for All Cohorts and All Periods (Sponsor’s 
table) 

a: Dosage at the time of laboratory testing 
b: Normal range is 20 to 120 IU/L for females 6 to 17 years of age and 30 to 180 IU/L for males 6 to 17 years of 
age. 
Note: Visits beginning with 1 are visits during screening, (Period I). Visits beginning with 2 are visits during Period 
II. Visit 4.7 = the last visit of the study during Period IV. 
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Table 47: CS0866-A-U301 - Abnormalities in ALT for All Cohorts and All Periods (Sponsor’s 
table) 

Twelve patients had elevated BUN and creatinine concentrations from baseline and higher than 
normal values. Five of twelve patients had normal values of serum creatinine at baseline with 3 
patients in Cohort A and 2 patients in Cohort C. Seven of twelve patients had abnormal high 
values of serum creatinine at baseline with 6 patients in Cohort A and 1 patient in Cohort C.  All 
of these increases from baseline were minor except the patients 10119 who had significant 
increase of serum level of creatinine. This patient had recurrent urinary tract infections, 
vesicoureteral reflux, ureterocele, and ongoing moderate chronic renal insufficiency. Data were 
shown in the following table. Changes of BUN were similar to the creatinine. 
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Table 48: CS0866-A-U301 - Abnormalities in Serum Creatinine for All Cohorts and All Periods 
(Reviewer’s table) 

Subject No. Visit Dosage Serum Creatinine  
(µmol/L) 

Normal high value of Serum 
creatinine (µmol/L) 

Cohort A 
10394 1.0 N/A 150 80 

2.3 20 mg 177 80 
2.31 20 mg 159 80 
4.7 20 mg 168 80 

10395 1.0 N/A 133 106 
2.3 5 mg 124 106 
4.7 20 mg 159 106 

11203 1.0 N/A 159 106 
2.3 40 mg 141 106 
2.31 40 mg 133 106 
4.7 40 mg 194 106 

11161 1.0 N/A 106 106 
2.3 5 mg 115 106 
4.7 20 mg 124 106 

10174 1.0 N/A 88 80 
2.3 20 mg 88 80 
4.7 20 mg 97 80 

10184 1.0 N/A 124 80 
2.3 40 mg 124 80 
4.7 40 mg 141 80 

11193 1.0 N/A 106 106 
2.3 5 mg 115 106 
4.7 20 mg 115 106 

11205 1.0 N/A 88 106 
2.3 40 mg 115 106 
4.7 40 mg 115 106 

10119 1.0 N/A 186 80 
2.3 20 mg 230 80 
2.31 20 mg 239 80 
4.7 20 mg 283 80 

Cohort C 
30137 1.0 N/A 44 62 

2.3 0.3 mg/kg 44 62 
4.7 0.3 mg/kg 80 62 

30164 1.0 N/A 53 62 
2.3 0.3 mg/kg 53 62 
4.7 0.3 mg/kg 71 62 

30106 1.0 N/A 168 62 
2.3 0.3 mg/kg 203 62 
2.31 0.3 mg/kg 186 62 
2.32 0.3 mg/kg 230 62 
4.7 0.3 mg/kg 186 62 
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7.4.3 Vital Signs 

Changes of blood pressure have been discussed in the efficacy section. There were no consistent 
differences in heart rate in these clinical studies for the different groups and phases. Physical 
examination findings that were clinically relevant changes from baseline were reported as 
TEAEs. 

7.4.4 Electrocardiograms (ECGs) 

Electrocardiograms were not done routinely in these pediatric studies. 

7.4.5 Special Safety Studies/Clinical Trials 

The WR specified that the long term safety study include assessments of growth (change in head 
circumference, weight, and length or height), and development (milestones, school performance, 
or neurocognitive testing) assessed at baseline and at one year. The sponsor measure height and 
weight and did neurocognitive testing in a sub study. Please see the section of 7.6.3: pediatric 
and assessment of effect on growth. 

7.4.6 Immunogenicity 

The sponsor did not evaluate immunogenicity nor is there any theoretical or empirical evidence 
suggesting that it should be studied. 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

In the pivotal study, headache was the predominant TEAE during Period II in both Cohort A and 
Cohort B. The incidence of headache was greater in the high OM dose groups than in the low 
OM dose groups (14.7% and 7.4%, respectively for Cohort A) and (9.0 % and 5.4%, 
respectively). Headache occurred in one subject only (1.7%) in Cohort C during Period II. 
During the Period III, headache was also the predominant TEAE for subjects treated with OM 
and occurred in more than 5% of OM-treated subjects in both Cohort A and Cohort B with the 
highest incidence rates for subjects taking the high OM dose. 

7.5.2 Time Dependency for Adverse Events 

There is no clear relationship between the time of dose administration and the adverse events.  

7.5.3 Drug-Demographic Interactions 

There is no clear relationship between the safety signals and the demographic factors.  
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7.5.4 Drug-Disease Interactions 

Drug-disease interactions are not analyzed.  

7.5.5 Drug-Drug Interactions 

Drug-drug interactions were not studied in this submission. Sponsor claimed that no significant 
drug interactions were reported in studies in which OM was co-administered with digoxin or 
warfarin in healthy adult volunteers. 

7.6 Additional Safety Evaluations 

7.6.1 Human Carcinogenicity 

The exposure in children is too limited to evaluate human carcinogenicity. 

7.6.2 Human Reproduction and Pregnancy Data 

Subjects in the pediatric clinical trials were excluded if they were pregnant or lactating or not 
taking appropriate birth control if female and of child-bearing potential. 

7.6.3 Pediatrics and Assessment of Effects on Growth 

The height, weight, and developmental assessments were conducted in the pivotal study. 

Height was measured at the beginning of the study (Screening) and at every visit during Period 
IV. Subjects in Cohort A and Cohort B were similar in overall baseline and end-of-study heights. 
Heights were similar in subjects receiving low dose OM and high dose OM regardless of cohort. 
Subjects in Cohort A grew slightly more than those in Cohort B. The subjects in Cohort C had 
the greatest mean increase in height (7.4 cm) when compared with Cohort A (4.1 and 4.0 cm for 
the low and high OM doses respectively) and Cohort B (3.4 and 2.8 cm for the low and high OM 
doses, respectively). This is expected given the young age of the pediatric subjects in Cohort C 
compared with Cohorts A and B. There did not appear to be any effect of 1 year of OM treatment 
on height in any cohort. Data were summarized in the following table.  

Note: reduced height at the end of study compared to the baseline has been observed in 4 patients 
(2 in Cohort A with low and high dose each and 2 in Cohort B with low dose). The maximal 
reduction was ≤ 2 cm. These could be due to the measurement errors. Data were show in the 
following table 50.  
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Table 49: CS0866-A-U301 - Height Assessments (cm) at Baseline and End of Study-All Cohorts 
(Sponsor’s table) 

Table 50: Patients with Reduction of Height at End of Study Compared to Baseline (Reviewer’s 
table) 

Subject No. Visit Dosage Group Height (cm) 

Cohort A 
11116 Baseline N/A 157 

End of Study High dose  155 
11168 Baseline N/A 169.3 

End of Study Low dose 168.5 
Cohort B 

20170 Baseline N/A 154 
End of Study Low dose 152 

20183 Baseline N/A 158 
End of Study Low dose 156 

Weight was measured at the beginning of the study (Screening) and at every visit during Period 
IV. subjects receiving low dose OM in Cohort A had a higher mean weight (78.9 kg) than 
subjects receiving high dose OM in Cohort A (68.0 kg) or those in either group in Cohort B (68.1 
and 66.2 kg, respectively) at study start. Changes from baseline at the end of the study were 
similar across all treatment groups for Cohorts A and B. The subjects in Cohort C had the lowest 
mean increase in weight (2.6 kg) when compared with Cohort A (5.4 and 5.5 kg for the low and 
high OM doses respectively) and Cohort B (5.9 and 4.8 kg for the low and high OM doses, 
respectively). According to CDC growth charts, children in the age range between 2 and 6 years 
usually gain approximately 2 kg of weight per year, while children in the age range between 10 
and 16 usually gain approximately 5 kg of weight per year. There did not appear to be any effect 
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of 1 year of OM treatment on weight in any cohort. Data were summarized in the following
 
table.
 
Table 51: CS0866-A-U301 - Weight Assessments (kg) at Baseline End of Study – All Cohorts 

(Sponsor’s table) 


Assessments of development in pediatric subjects were completed at the beginning of the study 
and at the end of the long-term safety extension or upon early withdrawal. For Cohorts A and B, 
the questionnaire was based on school performance. For Cohort C, the questionnaire was based 
on developmental milestones for age and region. Results were consistent for Cohorts A, B, and 
A+B. The majority of subjects in all three cohorts were rated at the end of study as doing equally 
well or better than at baseline. The majority of subjects in each cohort showed no shifts from 
baseline when compared with their peers at the end of the study. Subjects in Cohorts A and B 
primarily stayed at their same level when compared with their peers or improved, with few going 
from better than peers at baseline to worse (Cohort A, n = 1 [0.5%]) or from equal to their peers 
at baseline to worse (Cohort A, n = 6 [3.2%] or Cohort B, n = 3 [2.7%]). In Cohort C, no subjects 
scored less advanced than their peers. Overall, it appears that there is no negative effect from 1 
year of treatment with OM on either development or school performance. Data were summarized 
in the following tables.  
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Table 52: Study CS0866-A-U301 - Developmental Assessments for All Cohorts: End of Study 
Compared With Study Baseline – All Randomized Subjects (sponsor’s table) 

Table 53: Study CS0866-A-U301 - Comparison with Peers at End of Study All Randomized 
Subjects (Sponsor’s table) 

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

There were no overdoses reported in the pediatric studies. This submission does not provide data 
regarding abuse potential nor is there any theoretical or empirical evidence that suggests an 
abuse potential. During the randomized withdrawal there was no evidence of withdrawal 
rebound or unusual AEs. 

7.7 Additional Submissions / Safety Issues 

There are no additional submissions/safety issues. 
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8 Postmarket Experience 
With December 31, 2008 as the cut-off date, the Sponsor’s global safety database was searched 
for post-marketing cases involving OM (including olmesartan, olmesartan/hydrochlorothiazide, 
and olmesartan/amlodipine) in patients ≤ 18 years of age. A total of six (6) post-marketing cases 
were identified; three of these cases reported accidental exposure with no adverse events, and the 
other three cases reported nonserious adverse events. A summary of each report of exposure in 
the pediatric population is given in the following table. There were no additional unknown safety 
findings of OM. 
Table 54: Post-marketing Adverse Events Reported with OM Usage in the Pediatric Population 
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9 Appendices 

9.1 Literature Review/References 

I searched Pubmed and found 517 references to olmesartan. However, “olmesartan and 
pediatric” and “ olmesartan and children” yielded no references.  

9.2 Labeling Recommendations 

Labeling recommendations will be discussed separately.  

9.3 Advisory Committee Meeting 

N/A 
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