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1.  Benefit-Risk  
(starts on next page) 
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Benefit-Risk Assessment Framework 
 

Benefit-Risk Integrated Assessment 
 
I recommend approval of this resubmission. This recommendation is based on the results of a placebo-controlled, double blind trial in 116 
patients age 6 months to < 18 years with symptomatic dilated cardiomyopathy and NYHA/Ross class II to IV heart failure, LV ejection fraction ≤ 
45%, and baseline heart rate greater than age-specific limits.  The randomization to ivabradine vs. placebo was 2:1. The study was conducted 
pursuant to a Pediatric Written Request (PWR).  The goal of the trial was to compare the treatment arms in terms of the rate of achievement of a 
20% reduction in heart rate (HR) from placebo, without induction of bradycardia, at the end of the titration period.  HR reduction of this magnitude 
was also the target used in of the placebo-controlled SHIFT trial of ivabradine in 6505 adults with HFrEF, where it was associated with an 18% 
reduction in the rate of the composite primary endpoint of CV death and heart failure hospitalization.  The treatment effect was driven by the 
results for HF hospitalization, but the results for CV death went in the same direction as HF hospitalization. Of note, 1349 subjects in SHIFT (21% 
of the total) had (non-ischemic) DCM as the etiology of their HFrEF.  In the patients with DCM in SHIFT, there was a 25% reduction in the rate of 
the primary endpoint with ivabradine compared to placebo (nominal p=0.01). Like in the overall study population, this benefit was driven by 
effects on HF hospitalization, but deaths again went in the same direction.  Also, the reduction in heart rate in SHIFT with ivabradine treatment 
from baseline to day 28 was identical in the overall SHIFT population and the SHIFT DCM subset: a mean reduction of 19% and a median 
reduction of 20% in both groups.   
 
Adult and pediatric DCM have similar pathophysiology and symptoms, so it is reasonable to use HR reduction, the only known effect of 
ivabradine that might be relevant to HF outcomes, as a bridging biomarker.   If ivabradine had effects on HR in patients with pediatric DCM like 
those observed in the SHIFT study, we were prepared to assume that it would also have beneficial effects in children with DCM on HF outcomes 
such as CV death and HF hospitalization.  In the pediatric trial, the HR target reduction of 20% from baseline was achieved in 72% vs. 16% of the 
patients in the ivabradine and placebo arms, respectively (OR=14.97, 95% CI, 4.8, 46.8, p<0.0001).  Deaths favored ivabradine over placebo 
(0/73 vs. 4/42).  ADRs in the pediatric trial included symptomatic bradycardia (4% vs. 0%), asymptomatic bradycardia (7% vs. 2%).  Risks in 
children appear similar to risks in adults. The trial results indicated that the benefits of ivabradine in the target pediatric population, based on the 
expected benefit in CV outcomes associated with the substantially greater rate of HR reduction, outweigh the modest risks compared to placebo 
that were observed in the trial.    
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2.  Background 
Ivabradine reduces the spontaneous pacemaker activity of the cardiac sinus node by selectively 
inhibiting the If-current (If), resulting in heart rate reduction with no effect on ventricular 
repolarization and no effects on myocardial contractility. It was approved in the US under NDA 
206143on 4/15/2015 “…to reduce the risk of hospitalization for worsening heart failure in 
patients with stable, symptomatic chronic heart failure with left ventricular ejection fraction ≤ 
35%, who are in sinus rhythm with resting heart rate ≥ 70 beats per minute and either are on 
maximally tolerated doses of beta-blockers or have a contraindication to beta-blocker use.”  
Current labeling indicates that safety and effectiveness in pediatric patients have not been 
established.  Ivabradine has been approved for treatment of heart failure and angina in the EU 
and elsewhere.   
 
In the US, it is available as 5 mg, scored oral tablets and 7.5 mg, unscored oral tablets.  The 
recommended starting dose in adults is 5mg bid, with dose adjustment based on HR, with a 
target of 50-60 BPM.  The maximum dose is 7.5 mg bid.   
 
In the US, the sole contraindication is acute decompensated HF.  Warnings include an increase 
in the risk of atrial fibrillation and bradycardia.  The latter is the most important risk of the 
product.  
 
Regulatory history of this submission 
  

• April 2015: FDA approval of Corlanor (ivabradine) oral tablet, a new molecular entity 
(NME) under NDA 206143, for treatment of chronic HFrEF in adults; FDA issues a WR. 
The Sponsor had already completed study enrollment to fulfill a PIP agreement with EU 
at the time of the WR was issued.   

• February 2016: Revised WR to extend deadline for submitting study reports to FDA.   
• March 2016: FDA granted orphan-drug designation of ivabradine for treatment of 

pediatric patients with DCM  
• December 2016: Initial NDA 209664 submission.  The submission sought to add an 

indication similar to the one sought in the instant resubmission.   
• February 2017: FDA issued an RTF letter primarily because validation information for the 

drug product sterilization processes was not provided.  The letter also included a 
comment from DMEPA stating, “… a Human Factors (HF) validation study is necessary 
to demonstrate that the intended users can use the product safely and effectively. 
However, you have not submitted a HF validation study.” 

• May 2017: Type A meeting with Amgen to discuss issues raised in the RTF letter 
• September 2017: A new WR issued to replace prior WR to extend deadline for study 

reports because the sponsor request for timeline extension was received after the prior 
agreed upon deadline has passed  

• January 2018: Amended WR to further extend deadline for study report submission 
• October 25, 2018:  FDA received the resubmission that is the object of this review.       
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Facilities:  Six facilities are described that are involved in manufacturing, testing and/or 
packaging the drug substance or drug product.  All are recommended for approval based on 
previous history.   

4.  Nonclinical Pharmacology/Toxicology 
The nonclinical reviewers were Drs. John Koerner and Jean Wu.  The pediatric resubmission 
contained no additional preclinical studies, and none were expected.  However, based on non-
clinical information submitted in the first ivabradine NDA (206143, for the treatment of HFrEF in 
adults), the nonclinical reviewers proposed an addition to labeling in Sec. 8.4 regarding cardiac 
and white blood cell findings in juvenile rats exposed to ivabradine at levels 5X (males) and 13X 
(females) the highest levels achieved across age groups in pediatric clinical studies.  This 
language was adopted with some modifications for the agreed-upon labeling.  I believe this 
language will not materially deter use of ivabradine in children with DCM.         

5.  Clinical Pharmacology 
The Clinical Pharmacology review was performed by Drs. Eliford Kitabi, Chao Liu, Sudharshan 
Hariharan, and Martina Sahre.  The Office of Clinical Pharmacology recommends approval of 
this NDA with a modified dosing scheme than what was proposed. The applicant has agreed 
with the review team’s proposal for dosing.  
 
Pharmacokinetics 
 
The review contains limited information regarding ivabradine PK in children with HF. The review 
states the following: 
 

“Therapeutic exposure (AUC) at the maintenance dose was approximately 197 ng*h/mL 
for ivabradine and 64 ng*h/mL for S18982 [note:  this an active metabolite of ivabradine]. 
Mean Cmax at the maintenance dose was 28 and 5.1 ng/mL, for ivabradine and S18982, 
respectively. Following maintenance doses, the exposure of ivabradine and S18982 is 
similar between adult and pediatric heart failure patients.” 

 
The pediatric data described above came from Study 090, the PK/PD study performed by 
Amgen to satisfy our PWR.  
 
Adult PK are described as follows in the current labeling of ivabradine. 
 

Pharmacokinetics 
   
Absorption and Bioavailability  
 
Following oral administration, peak plasma ivabradine concentrations are reached in 
approximately 1 hour under fasting conditions. The absolute oral bioavailability of 
ivabradine is approximately 40% because of first-pass elimination in the gut and liver.  
 
Food delays absorption by approximately 1 hour and increases plasma exposure by 20% 
to 40%.  Corlanor should be taken with meals [see Dosage and Administration. 
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Ivabradine is approximately 70% plasma protein bound, and the volume of distribution at 
steady state is approximately 100 L. 
 
Metabolism and Excretion  
 
The pharmacokinetics of ivabradine are linear over an oral dose range of 0.5 mg to 24 
mg. Ivabradine is extensively metabolized in the liver and intestines by CYP3A4-
mediated oxidation. The major metabolite is the N-desmethylated derivative (S 18982), 
which is equipotent to ivabradine and circulates at concentrations approximately 40% 
that of ivabradine. The N-desmethylated derivative is also metabolized by CYP3A4. 
Ivabradine plasma levels decline with a distribution half-life of 2 hours and an effective 
half-life of approximately 6 hours. 
 
The total clearance of ivabradine is 24 L/h, and renal clearance is approximately 4.2 L/h, 
with ~ 4% of an oral dose excreted unchanged in urine. The excretion of metabolites 
occurs to a similar extent via feces and urine.… 
 
Specific Populations  
 
Age  
 
No pharmacokinetic differences (AUC or Cmax) have been observed between elderly (≥ 
65 years) or very elderly (≥ 75 years) patients and the overall patient population [see Use 
in Specific Populations (8.5)].  
 
Hepatic Impairment  
 
In patients with mild (Child-Pugh A) and moderate (Child-Pugh B) hepatic impairment, 
the pharmacokinetics of Corlanor were similar to that in patients with normal hepatic 
function. No data are available in patients with severe hepatic impairment (Child-Pugh C) 
[see Contraindications (4)]. 
 
Renal Impairment  
 
Renal impairment (creatinine clearance from 15 to 60 mL/min) has minimal effect on the 
pharmacokinetics of Corlanor. No data are available for patients with creatinine 
clearance below 15 mL/min. 
 
Pediatrics  

 
 
The OCP review described the results of a two-period, two-sequence crossover study in 24 
healthy adult volunteers of the relative bioavailability of ivabradine oral solution (7.5 mL of a 1 
mg/mL solution) and 7.5 mg ivabradine tablets (Study PKH-086).   Summary results are shown 
below.   
 
 
  

Reference ID: 4419190

(b) (4)



CDTL Review – NDA 209964 resubmission – Ivabradine oral solution and oral tablets for pediatric patients with 
dilated cardiomyopathy, heart failure and elevated heart rate 

11 
 

Figure 1  Results of Study PKH-086 
 

 
 
The results met the traditional BE 80%-125% standard for BE for AUC, but not for Cmax, which 
had a point estimate of 1.2 for solution vs. tablet.  This result was not unexpected and was 
considered acceptable by OCP in terms of switching patients from the solution to tablets and 
vice-versa at the same nominal mg dose of ivabradine.         
 
The OCP reviewers independently confirmed that compared to placebo, ivabradine was  
superior in reducing heart rate at multiple time points starting at Month 00 through Month 12 in 
the 4 age- and weight-based patient bands that they examined  (data not shown).  In these 
analyses, heart rate was analyzed as a continuous variable.     
 
The OCP review included modeling of the exposure-response (i.e., heart rate reduction) 
relationships in adults with HFrEF and children.  In adults, they found: 
 

• Higher baseline heart rates were associated with greater absolute reductions in heart 
rate on treatment 

• A dose response for relative (%) heart rate reduction that appeared to linear over the 
dose range of 2.5 to 10 mg but flattened out as the dose was increased to 20 mg.   

• After cessation of dosing, the heart rate returns to baseline values with no rebound 
 
The OCP reviewers appeared not to disagree with the Applicant’s conclusions regarding PK/PD 
relationships in pediatric patients.  Figure 2 is the Applicant’s plot of modeled dose vs. HR 
response in different pediatric age groups.   
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Figure 2  Ivabradine Dose vs. Expected HR Response in Pediatric Age Groups  

 

 
Age groups:  Class 1 – 6 to 12 months; Class 2 – 1 to 3 years; Class 3 – 3 to 18 years and 
weight < 40 kg; Class 4 – age 3 to 18 years and age ≥ 40 kg.   
Source:  Applicant’s Summary of Clinical Pharmacology Studies, Table 6 
(file://cdsesub1/evsprod/nda209964/0012/m2/27-clin-sum/summary-clin-pharm.pdf) 
 
In addition, the OCP reviewers divided the study population into 4 age- and weight-related strata 
and independently analyzed the heart rate data from Study 090 in these strata .  They found a 
statistically significant reduction in heart rate with ivabradine compared to placebo starting at 
Month 00 (two weeks after the end of the titration period) through Month 12.  In these analyses, 
heart rate was analyzed as a continuous variable. (Data not shown).    
 
Like Amgen, OCP found that age and body weight are meaningful covariates of the dose 
response in children.  However, the OCP reviewers concluded that the Applicant’s dosing 
scheme in the proposed labeling was overly cautious and would result in delays in reaching 
therapeutic blood levels for patients 6 to 12 months.  The complete text of the Applicant’s 
pediatric dosing scheme in the proposed Corlanor package insert can be found below on p. 14-
15.   
         
To design a better-performing dosing scheme, OCP built a prediction model to assess the 
effects on heart rate of various starting doses and titration strategies in children across a range 
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based on tolerability. The maximum dose is 0.2 mg/kg twice daily for patients 6 months to less 
than 1 year old, and 0.3 mg/kg twice daily for patients 1 years old and older. 
 
“Pediatric Patients Weighing 40 kg and Greater (Tablets) 
The recommended starting dose of Corlanor tablets in pediatric patients weighing more than 40 kg 
is 2.5 mg twice daily with food.  Assess patient at two-week intervals and adjust dose by 2.5 mg to 
target a heart rate (HR) reduction of at least 20%, based on tolerability. The maximum dose is 
7.5 mg twice daily. In patients unable to swallow tablets, Corlanor oral solution can be used at 
recommended dose for tablets”. 

 
Note that the lowest single dose to be delivered using the OCP dosing scheme is for a 5 kg 
infant:  5 x 0.05 mg/kg, or 0.25 mg (0.25 mL of the 1.mg/mL solution).  This can be readily drawn 
up and delivered in a 1 mL syringe with suitable barrel markings.  Higher doses, up to the 
maximum dose of 7.5 mg (7.5 mL), could be given with larger syringes.  Plastic syringes to 
deliver volumes in the range of 1-10 mL are widely available in pharmacies and could be 
dispensed with each refill.       
 
Sara Thomas of DMEPA has indicated that because of the relative simplicity of this dosing 
scheme and its similarity to many current pediatric dosing schemes that recommend mg/kg 
dosing, OCP’s proposal would be acceptable to DMEPA without an additional labeling 
comprehension study.   
 
The Applicant’s initially-proposed pediatric dosing scheme in labeling is reproduced below and 
continues onto the next page:   
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7. Clinical/Statistical- Efficacy 
The clinical reviewer was Dr. Shetarra Walker and the statistical reviewers were Drs. Steve Bai 
and James Hung.  My review borrows heavily from their reviews, especially Dr. Walker’s.   
 
Study CL2-16257-090 - Design 
 
In the instant resubmission, the Applicant submitted the results of a single study, CL2-16257-
090, to fulfill our PWR and support labeling for the treatment of pediatric patients with dilated 
cardiomyopathy, stable heart failure and elevated HR. The tri-partite primary objectives of the 
study were consistent with the PWR: to determine the optimal dose of ivabradine to reach the 
target HRR of 20% without inducing a bradycardia and/or signs or symptoms related to 
bradycardia, to assess the PK parameters of ivabradine and its active metabolite S 18982 after 
repeated oral administrations, and to assess the PK/PD relationship of ivabradine and its active 
metabolite S 18982 using heart rate as the evaluation criterion.  For additional information 
regarding the PWR, see Dr. Walker’s review.   
 

Figure 3.  Study 090 Plan 

 
 
The trial was a double-blind RCT comparing ivabradine to placebo in patients of either gender, 
age 6 months to <18 years.  Subjects were randomized 2:1 to ivabradine or placebo and 
stratified at baseline by age and weight [6 months to <12 months, 1 year to <3 years, 3 years to 
<18 years (<40 kg and ≥ 40 kg)].  Subjects had LVEF ≥45%, and were NYHA/Ross classification 
II-IV, on optimal and stable CHF therapy and in sinus rhythm.  Subjects were required to have 
baseline resting HRs at or above predefined HRs by age cohort, as follows: 
 

• HR ≥ 105 bpm for age 6–12 months. 
• HR ≥ 95 bpm for age 1–3 years. 
• HR ≥ 75 bpm for age 3–5 years. 
• HR ≥ 70 bpm for age 5–18 years. 
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Patients were excluded if they had a prior history that included the following: congenital heart 
disease, prior cardiac transplant or cardiac corrective surgery, symptomatic or sustained 
ventricular arrhythmia unless cardioverter defibrillator implanted, severe regurgitative valvular 
disease, significant ventricular outflow obstruction, or other prespecified cardiomyopathies. 
 
The study plan is shown in Figure 3.  The study was divided into a pre-randomization period 
(subject selection visit to D0 of titration period) and post-randomization period. The post-
randomization period had a duration of 13 to 14.5 months divided into the following three 
periods: 

• Titration Period (D0 to D56): Study drug was titrated in a 2 to 8-week period 
during which age and weight-based starting doses were titrated up to a maximum 
of four times from the starting dose based on titration rules, HR, and symptoms of 
bradycardia.  Dosing during this period is described in Sec. 5. 

• Maintenance Period (D56 to M0): 2-week period during which subjects continued 
the highest dose achieved during the titration period and were evaluated for 
bradycardia. 

• Treatment Period (M0 to M12): up to 1-year during which dose could be adjusted 
according to weight; or decreased or stopped for bradycardia, symptoms of 
bradycardia, or safety reasons.  

 
Consistent with the PWR, the primary endpoint was achievement of the target HR reduction 
(HRR), which was defined as a reduction ≥20% of the baseline value. This was assessed at the 
end of the titration period.  The comparison between the study arms was performed using   a 
logistic regression model adjusted for age class to estimate the OR and 95% CI.   
 
In addition, change from baseline in HR was assessed at the end of the titration period, M6 and 
M12, using a parametric covariance analysis adjusted for age class and with baseline value as a 
covariate. A non-parametric approach (a rank-based analysis (Wilcoxon scores) adjusted for age 
class with baseline as covariate) was used to check for robustness of results.  
 
The following analysis populations were specified in the protocol.  
 

• RS – (randomized set) all randomized patients 
• FAS – (full analysis set) all randomized patients who received at least one dose of 

study drug with at least two evaluations of resting HR, one at baseline and one 
post-baseline.  

• PPS – (per protocol set) patients in the FAS with one evaluation at baseline, and 
one evaluation at the end of titration period and having the studied disease, a 
protocol required background therapy before treatment period, a complete 
titration period, a correct and sufficient exposure to study drug during the titration 
period and no major issue in allocation of study drug during the titration period. 

• SS – (safety set) all patients who received at least one dose of study drug. 
 
The primary efficacy analysis was to be performed in the per-protocol set (PPS).  The analysis 
was then performed in the full analysis set (FAS) as a sensitivity analysis.  Other efficacy 
analyses were also performed in these two populations, with the same hierarchy of importance.    
 
No interim efficacy analyses were specified or reported.   
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Table 4.  Study Disposition (RS Population) 

 
Source:  Table 10.2.2 in CSR for CRL-16257-090 
 
 
Table 5  is copied from the Statistical Review by Drs. Bai and Hung. It shows the HRR response 
rate (the primary endpoint) and the change in HR from baseline to the end of the titration period 
in the PPS (N=95) and the larger FAS (N=114).  Both analyses strongly favor ivabradine over 
placebo in each of the two analysis sets.    

 
Table 5.  Results for Target HRR Achievement and Heart Rate at Rest during the Titration Period-FAS and 

PPS titration 
Endpoints Ivabradine Placebo Treatment Effect 

Target HRR 
Achievement 

PPS 46/64 (71.9%) 5/31 (16.1%) OR=14.97 
95% CI: [4.79, 46.77] 

p<0.0001 
 
 FAS 51/73 (69.9%) 5/41 (12.2%) OR=17.24 

95% CI: [5.91, 50.30] 
p<0.0001 

 Heart Rate 
at Rest (bpm) 
 
Heart Rate 
at Rest (bpm) 

PPS BL 100.8±20.2 96.7±18.5 Diff= -19.59 (2.29) 
95% CI: [-24.14, -15.04] 

ET 78.1±17.7 94.6±19.8 

FAS BL 102.0±20.8 98.9±18.2 Diff= -18.99 (2.40) 
95% CI: [-23.75, -14.23] 

ET 80.7±19.8 97.5±20.7 
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Table 7.  Changes from Baseline in Echocardiographic Parameters in Study CL2-090 and in Adults in SHIFT 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 8 shows evolution from baseline to Month 12 in NYHA/Ross classification by age group in 
the two treatment arms in Study 090.  A higher percentage of patients in the ivabradine arm had 
improvement.   
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Table 8.  Changes in NYHA or Ross Classification from Baseline to Month 12

 
 
Table 9 shows changes in plasma NT-proBNP concentrations from baseline to Months 0, 6, and 
12.  Mean changes were more favorable (i.e., more greatly reduced) with ivabradine than with 
placebo.  Median changes were modest in each arm.     
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Table 9.  Change in NT-proBNP Plasma Concentrations (pg/mL) from Baseline to 

Months 0, 6, and 12 
 

 
Source:  CSR CL2-16257-090 Table (11.2.4) 1 

 

8.  Safety 
 
No new risks of ivabradine were identified in the pediatric trial, Study 090.   
 
Duration of Exposure 
 
Of the 116 patients randomized to study drug in Study 090, 115 received at least one dose of 
study drug and constituted the safety population.  Group statistics for treatment duration during 
the overall study period are shown in Table 10.   Data are shown for the entire safety population 
in the top 3 rows of data, and then for the 3 major age subgroups.  The median exposure 
duration was slightly over 1 year and similar in both treatment arms, but the mean exposure 
tended to be higher with ivabradine than placebo.     
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11. Other Relevant Regulatory Issues  
See Sec. 12 for a discussion of the dosing instructions in labeling.   

12. Labeling 
We have reached agreement with the Applicant on labeling, and the Pediatric Review 
Committee (PeRC) has agreed to the labeling.  However, one issue, now settled, merits 
discussion at a high level because it resulted in substantial work by DMEPA and OCP and 
several meetings of the review team.  As noted in in the regulatory history in Sec. 2, in our RTF 
letter to the Applicant DMEPA indicated that, " … a Human Factors (HF) validation study is 
necessary to demonstrate that the intended users can use the product safely and effectively."  
To respond to this requirement, the Applicant performed a label comprehension study (LCS) and 
included the results in the instant submission.    
 
The study was performed for Amgen by a third party. DMEPA's review of the study report 
indicates,  

 "The objective of the study was to assess if the Corlanor user interface, including the proposed 
Prescribing Information (PI), container labels carton labeling, and instructions for use (IFU), 
supports the safe and effective use by prescribers, pharmacists, and parents/caregivers.  
Specifically, the LCS examined the labeling by evaluating if: 

• Prescribers (pediatric cardiologists, nurse practitioners; n=16) can correctly answer 
questions about prescribing the correct dose, concentration, and volume based on the data 
provided in the PI based on the patient’s weight, age, and heart rate. 

• Pharmacists (n=16) can correctly answer questions about dispensing the prescribed dose, 
verifying dose accuracy (dose, concentration, and number of cartons), and providing a 
suitably graduated syringe and medication cup. 

• Parents/Caregivers (n=33) can correctly answer questions on preparing and administering 
the correct dose, discarding the unused oral solution, and rinsing the cup and oral syringe 
after each use." 

 
The Applicant’s dosing instructions in the proposes labeling are descried in Sec. 5 of this review.  
These instructions have been drastically simplified, and there is now only a single concentration 
of the oral solution (1 mg/mL) as a result of the efforts of the review team, including DMEPA, 
OCP, and DCRP.  Accordingly, it would be little value to describe here in detail the results of the 
LCS study, except to note that there were unacceptable rates of failure to understand the dosing 
scheme described in labeling.  The DMEPA review concludes as follows: 
 

"In summary, the product user interface is not safe and effective as proposed. Our evaluation of 
the LCS study results, proposed PI, container labels and carton labeling, and IFU identified areas 
of vulnerability that may lead to medication errors. Based on discussions with the DCRP review 
team, we are aware that the clinical data supports significant decreases in the complexity of the 
dosing table and removing . We agree with DCRP’s intentions 
to decrease the complexity of the proposed product and expect these revisions will mitigate some 
of the risks for error seen in the LCS related to the prescriber and pharmacist’s tasks….”  

 
The DMEPA review team included Janine Stewart, Chi-Ming Tu, Quynh Nguyen, and Danielle 
Harris. 
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