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1. EXECUTIVE SUMMARY 
 

The applicant submitted an efficacy supplement for cinacalcet HCl (SENSIPAR) (NDA 21688, 
Sequence No. 0109) seeking  

 
 

The pediatric studies were conducted to satisfy the 

Written Request for SENSIPAR. A New Drug Application (NDA) was also submitted (NDA 
)  

  
 
The proposed starting dose in pediatric sHPT is 0.20 mg/kg based on the dry weight, and the 
dose can be titrated, no more frequently than every 4 weeks, to achieve a desired target 
parathyroid hormone (PTH) range. The maximum dose is 2.5 mg/kg/day, not to exceed a total 
daily dose of 180 mg. 
 

SENSIPAR has been approved for the treatment of sHPT with CKD on dialysis in adult 
patients. The recommended starting oral dose for adult patients is 30 mg oral tablet once daily 

with food or shortly after a meal. Dose of SENSIPAR in adults can be adjusted, no more 
frequently than every 2 to 4 weeks, based on responses of intact parathyroid hormone (iPTH), 
serum calcium and serum phosphorus up to 180 mg once daily. 
 
The sponsor did not fulfil the required minimum number of subjects who completed cinacalcet 
treatment for the efficacy and safety assessment per the agreement in Written Request (n=15 
required; n=5 completed). Therefore, the pediatric exclusivity will not be granted. 
 

1.1 Recommendations 
 
Office of Clinical Pharmacology (OCP) has reviewed NDA 21688 supplement 109 and NDA 

 The clinical pharmacology information including the exposure-response analysis 
submitted does not provide adequate data to support efficacy and safety of cinacalcet in pediatric 
population. The comments and recommendations are shown below: 
 

Review Issue Recommendations and Comments 

Pivotal or supportive evidence 
of effectiveness 

Deficiency for : 
 The primary efficacy and safety study required in Written 

Request (Study 20070208) was prematurely terminated 
due to a death.  

 The efficacy (i.e., iPTH change from baseline > 30%) was 
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1.2 Post-Marketing Requirements and Commitments 
 
None 

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 
 

2.1 Pharmacology and Clinical Pharmacokinetics 
 
Cinacalcet is an allosteric modulator of the calcium sensing receptor (CaR) on the surface of 
parathyroid cells. Cinacalcet reduces serum parathyroid hormone (PTH) as it increases the 
sensitivity of the CaR to extracellular calcium concentration. 
 
Cinacalcet (SENSIPAR®) has been approved since October 4, 2004 for the treatment of 
secondary hyperparathyroidism (sHPT) in patients with chronic kidney disease (CKD) on 
dialysis, for the treatment of hypercalcemia in patients with parathyroid carcinoma, and for 
severe hypercalcemia in patient with primary HPT who are unable to undergo 
parathyroidectomy.  
 
Cinacalcet exposure was increased up to 82% when administered with food. Cinacalcet is known 
to undergo extensive metabolism with approximately 80% renal excretion as primarily 
metabolites. Responsible CYP isoforms are CYP1A2, 2C9, C19 and 3A4, and drug interaction is 
generally not significant (e.g., 27% AUC increase by ketoconazole). Its terminal half-life is 30 to 
40 hours and steady-state is reached within 7 days. Hepatic impairment increases cinacalcet 
AUC up to 4.2-fold. Renal impairment including hemodialysis or peritoneal dialysis does not 
significantly affect cinacalcet exposure.  
 
 

2.2 Dosing and Therapeutic Individualization 

2.2.1 General dosing  
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SENSIPAR® tablets should be taken with food or shortly after a meal. Tablets should be taken 
whole and not divided. The recommended starting dose is 30 mg once daily for the sHPT in adult 
patients with CKD on dialysis. SENSIPAR® can be titrated no more frequently than every 2 to 4 
weeks through sequential doses of 30, 60, 90, 120, and 180 mg once daily as necessary to 
achieve targeted intact parathyroid hormone (iPTH) levels, which should be measured no earlier 
than 12 hours after most recent dose. 
 
For pediatric sHPT patients with CKD on dialysis, capsules are proposed to be administered 
orally by sprinkling contents on to a small amount of soft food or liquid or through nasogastric or 
gastrostomy tubes with a small amount (at least 5 ml) of water using polyvinyl chloride (PVC) 
tubing.  Capsules should not be swallowed whole. Starting dose is proposed to be 0.20 mg/kg 
once daily based on the patient’s dry weight and dose can be increased no more frequently than 
every 4 weeks as necessary to achieve targeted iPTH levels, which should be assessed at least 12 
hours after dosing with SENSIPAR®. 

 

2.2.2 Therapeutic individualization 
 
The proposed pediatric initial dose is 0.20 mg/kg based upon dry body weight, which is without 
the excess fluid that builds up between dialysis treatments. Dose adjustments are dependent upon 
iPTH, total serum calcium, and the subject’s safety status. If permitted by these parameters, 
subjects will be eligible for a dose increase once in 4 weeks. 

The followings were specific instructions for a dose adjustment in the pivotal clinical trials 
(e.g., Study 20070208). 

Increase to the next dose level if all of the following criteria are met: 

 Plasma iPTH ≥ 300 pg/mL (31.8 pmol/L), and 
 Corrected serum calcium is ≥ 8.4 mg/dL (2.1 mmol/L), and 
 Subject has not reached the highest dry weight based dose, and 
 Subject is not experiencing an adverse event such as symptomatic hypocalcemia, severe 

nausea, vomiting or diarrhea, or other event deemed by the investigator to be likely to be 
due to treatment that requires a dose decrease or precludes a dose increase. 

 

Decrease the dose to the next lower dose level, if any of the following criteria have been met: 

 The iPTH is < 150 pg/mL (15.9 pmol/L) and ≥ 100 pg/mL (10.6 pmol/L), or 

 The corrected total serum calcium is < 8.4 mg/dL (2.1 mmol/L) and ≥ 8.0 mg/dL (2.0 
mmol/L), or 

 The subject is experiencing an adverse event such as mild nausea, vomiting, diarrhea, or 
any other adverse event deemed by the investigator to be possibly due to treatment that 
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requires a dose decrease, and does not require withholding the dose, per investigator 
assessment. 

Withhold the dose at any time during the study if any of the following criteria have been met: 

 Symptoms of hypocalcemia, regardless of the calcium level, or 

 Corrected total serum calcium is < 8.0 mg/dL (2.0 mmol/L), or 

 iPTH < 100 pg/mL (10.6 pmol/L), or 

 The subject is experiencing symptoms of hypocalcemia, such as anxiety, muscular 
cramping or stiffness, twitching, tingling, paresthesia of the mouth or extremities, 
abdominal cramping, arrhythmias, hypotension, or convulsions, or other adverse events 
such as moderate or severe nausea, vomiting or diarrhea, or any other event deemed by the 
investigator to be likely to be due to treatment that requires a dose withhold, per investigator 
assessment. 

 

2.3 Outstanding Issues 
 

 Adequate efficacy and safety data are not available 

The pivotal efficacy study (Study 20070208), which was one of studies required in Written 
Request, was prematurely terminated due to a death. Further, the efficacy of cinacalcet (i.e., 
iPTH change from baseline > 30%) was not shown following SENSIPAR in pediatric patients as 
compared to placebo (refer details to the clinical and statistical reviews).  

 

 Oral capsule to be used as content sprinkled 
According to the current regulatory guidelines/rules, an oral capsule is not considered as 
acceptable formulation for its content sprinkled. There is also a concern that the proposed 
packaging (i.e., capsules for sprinkling) might result in medication errors or risks when 
swallowed whole (e.g., chocking). The terminology ‘capsule for sprinkle’ is not acceptable and 
drug products should not be packaged in a container/closure system than implies or allows other 
than intended route of administration. Therefore, labeling for oral capsule content sprinkling onto 
food is not acceptable (refer details to the DMEPA/clinical review). The sponsor should consider 
an appropriate re-packaging of cinacalcet powder (e.g., sachet presentations). 

 Product specification for tubes  
Product specification did not meet the regulatory goal post for stability following nasogastric or 
gastrostomy tubes (refer details to the OPQ review). Therefore, labeling for gastric tubes is not 
acceptable. 
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2.4 Summary of Labeling Recommendations 
 

 Proposed labeling by the sponsor (strikethrough text indicates deletion, underlined text 
 addition) 

 Recommendation by the review team (strikethrough text indicates deletion, underlined text 
 addition) 

Sponsor’s proposed labeling is not acceptable since  
Descriptive information will be described in Section 8. 
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 
 

3.1 Overview of the Product and Regulatory Background 
 
The submission is under the priority review since studies have been conducted to satisfy the 
Written Request (WR, refer details in Appendix). The  received an 
Orphan Drug Designation status on September 7, 2016 (Designation Request # 15-5113) 

. The applicant is pursuing 6 month pediatric exclusivity 
and  of exclusivity for the  

 
 
The sponsor conducted 4 studies as required by the Written Request (Table 1). For a pediatric 
appropriate formulation, the sponsor developed oral capsules for sprinkling in soft food (Table 
2). Although oral capsules were used in Phase 3 trials, the sponsor assessed relative 
bioavailability of cinacalcet after oral capsule administration referencing that of commercial 
approved tablets using the highest oral capsule strength (i.e., 5 mg) (Study 20070293). 
 
Table 1 Summary of studies described in the Written Request (WR)  

Study 
Subjects (number of 
subjects) 

Dosing Regimen 
Primary endpoint(s) 

20090005  
 Phase 1 study 

(WR Study 1) 

28 days to <6 years with 
CKD and 2nd HPT receiving 
dialysis (n=5 for 28 days to 
<3, n=9 for 3 to <6) 

Single dose (0.25 mg/kg) using 5 mg 
capsule 

PK, PD 

20070208  
 Phase 3 efficacy 

and safety study 
(WR Study 2) 

6 to < 18 years old with 
CKD and secondary HPT 
receiving dialysis (n=43; 21 
for PL, 22 cinacalcet) 
 

Starting dose of 0.20 mg/kg based on 
dry weight, and the dose was titrated 
upward according to plasma iPTH and 
serum calcium levels. The maximum 
dose was 4.2 mg/kg, not to exceed a 
total dose of 180 mg for any subject.  
Formulation: 5 mg capsule, or 
commercial tablets for higher dose 
were used for cinacalcet treatment. 

 efficacy of cinacalcet for 
reducing from baseline in the 
plasma iPTH by ≥ 30% over 30 
weeks 

 PK was evaluated 
 the study was prematurely 

terminated due to a death 

20110100 
 Phase 3 safety 

study (WR Study 
3) 

28 days to <6 years with 
CKD and 2nd HPT receiving 
dialysis 
(n=18; 8 before PCH-
cohort1, 10 after PCH – 
cohort2) (n= 4 completed, (3 
for 26 wks, 1 in cohort 1 for 
12 wks) 

 Starting dose of  0.25 mg/kg, 
maximum allowed daily dose was 
4.2 mg/kg (cohort 1) 

 Lower starting dose of 0.2 mg/kg, 
maximum daily cinacalcet dose to 
2.5 mg/kg/day (cohort 2) to add 
criteria for dose adjustment based on 
ionized calcium due to hypocalcemia 
concerns. 

 For 5 mg capsules, the contents were 
either sprinkled on soft food and 
administered orally or mixed into 
sucrose syrup and administered 
orally or via nasogastric/gastrotomy 
tubes over 26 weeks 

Proportion of subjects who 
develop corrected serum calcium 
levels < 9.0 mg/dL (2.25 
mmol/L) for ages 28 days to < 2 
years, and < 8.4 mg/dL (2.1 
mmol/L) for ages ≥ 2 to < 6 
years. 
 
Trough cinacalcet concentrations 
were measured. 
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The sponsor conducted two single dose studies in pediatric patients (Study 20090005, a study in 
WR, and Study 20030227, a preliminary study) to support study designs for dose-finding studies. 
Blood samples for PK and PD (e.g., iPTH and Ca) were collected from two pediatric Phase 3 
studies for population analysis (Study 20070208 and Study 20110100, both in WR). Using 
available pediatric and historic adult data, the sponsor conducted population PK/PD analysis to 
support of efficacy in subjects less than 6 years of age (Report 122055). To support  
in subjects < 1 year old, the sponsor conducted physiologically-based PK (PBPK) modelling to 
predict the PK of cinacalcet (Report 122086). Finally, the sponsor conducted relative 
bioavailable study for oral capsules referencing the commercial approved tablets in healthy adult 
volunteers (Study 20070293). Overall clinical development program is summarized in  

Figure 1. 

 
 

 
 
Figure 1 Schematic summary of clinical pharmacology programs 
BA = bioavailability; BE = bioequivalence; PB = physiologically-based; PD = pharmacodynamic; PK = pharmacokinetic 
a Ongoing study; interim analysis provided 
b Cross-study analysis 

 
 
 
The sponsor conducted two separate studies following the same dose for all subjects (i.e., 15 mg 
using half of 30 mg tablet, Study 20030227) and body weight based dose (i.e., 0.25 mg/kg using 
5 mg capsule, Study 2009005) in pediatric patients. The body weight dosing was less variable in 
exposure compared to that of dosing without body weight consideration (Figure 2), and it may 
reduce exposure related potential safety concern for hypocalcemia.  In general, cinacalcet 
concentrations after body weight based dose in the pediatric patients (age ranged from 8 to 61 

months) were not significantly higher (Cmax; 2.831.98, Figure 3) than those after 30 mg tablet 

in adult healthy subjects (Cmax; 5.943.29 ng/mL, Study 20070293). Steady-state 
concentrations following daily body weight dosing were within expected range consistent with a 
30-40 hours terminal half-life (Figure 4). Although cinacalcet exposure was not significantly 
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Figure 4 Cinacalcet concentration-time profiles following body weight based dosing at Week 12 (n=10, Study 
20110100, Phase 3) (see summary of PK parameter in Appendix 1.1.4) 

 
The sponsor conducted pooled PK data analysis across studies and results indicate that cinacalcet 
exposure was comparable across studies for pediatrics and adults (Figure 5). 
 

  
Age range: 28 days to < 6 years old for Studies 20090005 and 20110100; 6 to < 18 years old for Study 20030227. 
 
Figure 5 Dose- and weight-normalized cinacalcet Cmax (left) and AUC(0-24hr) across studies for pediatric 

and adult subjects (Study 2009005, 20030227, 20110100 and 20060133) (Source: Figure 11 and 12, 
2.7.2) 

 
 

The sponsor developed a population PK/PD model to describe cinacalcet PK and to evaluate the 
relationship between cinacalcet exposures and efficacy marker (iPTH) and safety marker (cCa). 
Covariates associated with exposure-response relationships were also evaluated in comparison 
with those in adults. Simulation was  also performed to evaluate functions of multiple daily oral 
administration of cinacalcet in pediatrics patients with 28 days to 6 years of age.  Cinacalcet 
plasma concentration and iPTH and cCa were pooled from 4 adults (20000172, 20000187, 
970241, and 980126) and 4 pediatric studies (20070208, 20110100, 20030227 and 20090005), 
and doses ranging from 1 to 200 mg were administered orally in those studies. The dataset 
consisted of 3363 cinacalcet PK from 248 subjects and 8169 iPTH and 7074 cCa measurements 
from 444 subjects (Report 122055, see Table 13, Appendix 1.1.5 for study designs including 
number of subjects from each study).  

 Population PK analysis results indicate that 2-compartment linear model with delayed first 
order absorption and first order elimination adequately describes cinacalcet pharmacokinetics 
(Appendix 1.1.5) 
o There were no statistically significant covariates were identified as predictors of PK 

variability using the final model  

 A semi-mechanistic PK/PD model was introduced to describe the PK-PTH-calcium relationship 

(Appendix 1.1.5) 
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o The exposure of cinacalcet following multiple daily dosing showed linear or no time-
dependent PK within dose range of 1 to 200 mg.  

o The final model seems adequately describes the observed interactions between cinacalcet 
exposures, PTH and serum calcium. Inter-individual variability in cinacalcet PK 
parameters was quite high (58-88 CV%) and that in PD parameters were higher.  

o No significant covariates on either PK or on PD were identified, thus it is not feasible to 
evaluate any dose adjustment scheme based on any covariate even on those related to 
baseline disease characteristic (iPTH, cCa, phosphorus, serum creatinine) with the PKPD 
modeling. 

o Dose dependent response in iPTH and cCa was observed. The maximum median 
reduction in median iPTH was predicted to be <60% of baseline and <5% maximum 
median reduction in serum cCa at the highest simulated dose of 60 mg. 

o The starting dose of 0.2 mg/kg appears to be reasonable since it minimizes safety 
concerns for hypocalcemia. Model-based simulations showed that the 0.2 mg/kg starting 
dose in pediatric patients is expected to generate minimal levels of PTH suppression 
(<10%) and negligible Ca suppression (<1%). Furthermore, this simulation is in good 
agreement with observed data from Study 20090005 where starting dose of 0.25 mg/kg 
was utilized. However, the simulation results with which the sponsor claims the target 
therapeutic response in iPTH could be achieved following multiple oral doses of  >15 mg 
in pediatrics subjects with ages between 28 days and 6 years are not convincing due to 
large inter-individual variabilities resulting in wide prediction intervals. 

o Although no covariates for PKPD model were identified, the sponsor introduced 
simulation to evaluate the effect of various rules for dose titration or dose withhold, e.g., 
monitoring corrected calcium weekly, removal of ionized calcium rule, or modified 
ionized calcium rules to compare number of dose withholds and the proportion of 
subjects receiving higher doses at the end of treatment.  However, it is hard to utilize 
simulation to apply to an alternative dose-titration or dose-withhold rules due to the high 
inter-individual variability. 

 
The sponsor conducted physiologically based pharmacokinetic modeling (PBPK) to predict the 
impact of age-dependent changes on cinacalcet PK for pediatric patients aged less than 1 year 

using SIMCYP Simulator and pediatric module (Version 14.1) with introduction of in vivo 
ontogeny (Study 122086, refer further details in Appendix).  The prediction results of cinacalcet 
PK in pediatric patients aged less than 1 year using the proposed PBPK modeling are not 
acceptable due to the following: 

 Empirical modeling approach (i.e., using a minimal, one-compartment model with 
adjustment through sensitivity analysis) to provide reasonable prediction for two-
compartment characteristics of cinacalcet PK 
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 The sponsor introduced in vivo ontogeny to improve age related pharmacokinetic changes to 

the default in vitro ontogeny of SIMCYP. Validity/generalizability of in vivo ontogeny 
should be illustrated using additional drug examples. 

There were extremely limited observations of cinacalcet concentrations in subjects below 1 year 
old (e.g., observations from approximately 8 months old subject). Therefore, predictability of the 
age-dependent change on cinacalcet PK for pediatric patients aged less than 1 year is not fully 
validated and thus not acceptable for extrapolation of efficacy and supporting an indication for 
age between 28 days to 1 year, especially in the consideration that cinacalcet efficacy and safety 
is inconclusive in pediatrics. 
 
Overall, the proposed body weight dosing is acceptable from the clinical pharmacology 
perspective as it provides comparable exposure between pediatric and adult subjects. However, 
there were no adequate data to provide insight of inconclusive efficacy and safety data in older 
age group (approximately 6 to <18 years), and thus it is not acceptable for the exposure-response 
analysis to use as the pivotal bridging of indicated ages (i.e., from 28 days to <18 years).  
 

3.3.2 Is the proposed dosing regimen appropriate for the general patient population for 
which the indication is being sought?  
 
While the proposed body weight dosing approach was acceptable based on PK/PD, the efficacy 
and safety was inconclusive in pediatric patients (Figure 6, refer details to statistical/clinical 
reviews). 

 

 
Figure 6 iPTH (%change from baseline) over visit from subject completed Efficacy Assessment Period 

(Study 20070208) (Source; Statistical Review by Dr. Sinks) 
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There might be potential difference in dosing between the proposed pediatric starting dose (i.e., 
0.20 mg/kg) and actual doses administered due to body weight bracket for dosing ( 

Table 3) to accommodate available dosage form strengths (i.e., 1, 2.5, and 5 mg oral capsule). 
The actual dose administered to a pediatric patient using the brackets was significantly lower for 
some pediatric patients compared to that of nominal body weight based dose (Figure 7). For 
example, starting dose should be 9.8 mg for a patient with 49 kg body weight and the actual 
starting dose for the patient was 5 mg, which was approximately 50 % of nominal dose by body 
weight. 

Further, the actual dosing scheme resulted in less than ¼ of starting dose in some pediatric 
patients compared to that of adult as 1) the proposed starting dose (0.2 mg/kg) was already 
approximately half the adult starting dose on the body weight basis (e.g., 0.5 mg/kg = 30 mg for 
60 kg adult), and 2) starting dose in some pediatric patients was about 50% lower due to age 
brackets compared to that of nominal dose based on body weight. 

Overall, the proposed dosing based on body weight bracket may result in significant between-
subject variability in cinacalcet exposure due to body weight brackets. However, it may not 
attribute to lack of efficacy since the iPTH % change from baseline in subjects discontinued 
early was not apparently worse than that of subjects completed efficacy assessment phase (EAP) 
(refer biostatistics review). There were safety concerns due to hypocalcemia when a starting dose 
of 0.25 mg/kg was used (Study 20110100), thus indicating that 0.2 mg/kg was acceptable 
starting dose. 

 

Table 3 Summary of possible pediatric starting dose and dose titration in clinical trials 
 
 
 
 
 
 
 
 
 
 

Source: Table 1 CSR 20070208, Section 16.1.1 
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Figure 7 Difference in doses between nominal dose based on dry body weight (blue line) and dose 
administered (red line) 

 

 

3.3.4 Are there the pivotal bridging for the proposed age appropriate formulation and 
use?? 
The sponsor developed a pediatric friendly formulation (capsules to be opened and sprinkled on 
soft food) and assessed its relative bioavailability compared to that of 30 mg commercial tablet 
in healthy adult volunteers (Study 20070293). 

Cinacalcet exposure after 5 mg capsules (6 x 5 mg capsules) sprinkled onto and consumed with 
applesauce was bioequivalent to that of 30 mg tablet (Table 4). However, cinacalcet Cmax after 
swallowing intact capsule with applesauce did not meet bioequivalence criteria (Table 4). See 
appendix for details.  
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Table 4 Geometric Least Squares Means, Point Estimates, and 90% Confidence Intervals for the Ratio for 
Geometric Least Squares Means for Pharmacokinetic Parameter Estimates Following 
Administration of 30 mg Cinacalcet Given as 3 Different Cinacalcet Treatment Options to Healthy 
Adult Volunteers 

 
a 

N = 38 
b 

Point estimate and 90% confidence intervals (CI) are for the respective ratio of log-transformed AUC0-t, AUC0-inf, and Cmax 

values converted back to the original scale  
A = 6 x 5 mg capsule whole; B = 1 x 30 mg tablet; C = 6 x 5 mg capsule sprinkled; AUC0-t = area under plasma cinacalcet 

concentration-time curve from 0 to the last quantifiable concentration; AUC0-inf = area under the plasma cinacalcet concentration-

time curve from time 0 to infinity; Cmax = maximum observed plasma cinacalcet concentration. 
Source: Table 3, 2.7.1 
 

 

The above study results support the bridging of dosing condition between adults and pediatrics as 
cinacalcet capsules were opened, and the contents were either sprinkled on soft food to be eaten 
by the subject in clinical trials (Study 20070293). 

Sponsor has also proposed administration through nasogastric tubes, and provided CMC data to 
support the route of administration.  In the clinical trials, oral capsules were opened, and the 
contents were suspended into sucrose syrup to create a liquid suspension and administered 
through the subject’s feeding tube.  
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4. APPENDICES 

4.1 Written Request (Amendment 5) 
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4.2 Additional information (e.g., study design, PK) from individual studies 
 

1.1.1 Study 20070293 

The bioequivalence of 5 mg cinacalcet capsule was assessed reference 30 mg commercial 
formulation cinacalcet tablet in a conventional, open-label, randomized, single-dose (30 mg), 3-
period, 3-treatment crossover study with healthy adult volunteers (Study 20070293). 

 

Following an overnight fast of at least 10 hours, the following treatments were administered as 
randomized by treatment sequences with 4 mL of applesauce and 240 mL of water;  

 Treatment A: 6 of the 5 mg capsules swallowed whole with applesauce,  
 Treatment B: 1 commercial formulation 30 mg tablet swallowed whole with applesauce 

(reference), or 
 Treatment C: contents of 6 of the 5 mg capsules sprinkled onto and consumed with 

applesauce 
 

Pharmacokinetic parameters were summarized in Table 5 and results of statistical analysis for 
bioequivalence assessment were summarized in Table 6.  Cinacalcet exposure (i.e., AUC and 
Cmax) following treatment C was bioequivalence to that of treatment B (reference) (Table 6). 
However, Cinacalcet exposure following treatment A was not bioequivalent to that of treatment 
B or C as Cmax of treatment A was not within the bioequivalence criteria (Table 6).  

Table 5 Arithmetic Mean (SD) Serum Cinacalcet Pharmacokinetic Parameter Estimates Following 
Administration of 30 mg Cinacalcet Given as 3 Different Treatment Options to Healthy Adult 
Volunteers 

 
 

a 
N = 38 

b 
tmax is expressed a median (range) 

A = 6 x 5 mg capsule whole; B = 1 x 30 mg tablet; C = 6 x 5 mg capsule sprinkled; AUC0-t = area under plasma cinacalcet 
concentration-time curve from 0 to the last quantifiable concentration; AUC0-inf = area under the plasma cinacalcet 
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concentration-time curve from time 0 to infinity; Cmax = maximum observed plasma cinacalcet concentration; tmax = time to Cmax; 
t1/2 = terminal elimination half-life. 
Source: Table 2, 2.7.1 

 
Table 6 Geometric Least Squares Means, Point Estimates, and 90% Confidence Intervals for the Ratio for 

Geometric Least Squares Means for Pharmacokinetic Parameter Estimates Following 
Administration of 30 mg Cinacalcet Given as 3 Different Cinacalcet Treatment Options to Healthy 
Adult Volunteers 

 
 
a 

N = 38 
b 

Point estimate and 90% confidence intervals (CI) are for the respective ratio of log-transformed AUC0-t, AUC0-inf, and Cmax 

values converted back to the original scale  
A = 6 x 5 mg capsule whole; B = 1 x 30 mg tablet; C = 6 x 5 mg capsule sprinkled; AUC0-t = area under plasma cinacalcet 

concentration-time curve from 0 to the last quantifiable concentration; AUC0-inf = area under the plasma cinacalcet concentration-

time curve from time 0 to infinity; Cmax = maximum observed plasma cinacalcet concentration. 
Source: Table 3, 2.7.1 

 

 

Reviewer’s Comments:  

 Two subjects did not finish assigned treatment at period 3. Conclusion for the bioequivalence 
of 5 mg capsule following content sprinkled onto applesauce (Test C) to 30 mg tablet was the 
same between balanced (excluding data from  2 subjects who did not complete all assigned 
treatment(s), yellow highlighted row,  Table 7) and unbalanced PK data (Table 6). 

 Variability of cinacalcet exposure was high with CV (%)>30 for both Cmax and AUClast 
following any treatments in the study (Table 8). It appears that cinacalcet capsule content 
sprinkled onto applesauce does not significantly change cinacalcet exposure variability 
compared to that of commercial tablet. 

 The cinacalcet capsule formulation is thus considered bioequivalent to cinacalcet tablet 
formulation.  
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1.1.2 Study 20090005 (WR Study 1) 

 

Cinacalcet pharmacokinetics was evaluated in a single, open-label study in pediatric subjects 28 
days to <6 years old with CKD and secondary HPT (sHPT) receiving dialysis (see study design 
in Figure 8). 

Subject received 0.25 mg/kg cinacalcet.  The dose is approximately half the adult starting dose 
on an mg/kg basis, and is lower than the mean dose of 0.39 mg/kg (range: 0.28 to 0.81 mg/kg) 
previously studied in 12 subjects age 6 to <18 years (Study 20030227). 

Cinacalcet was supplied as 5 mg capsules for this study. The capsules were opened and the 
contents were mixed with purified water or United States Pharmacopeia-National Formulary 
(USP-NF) sucrose syrup. The water preparation was only for administration through either 
nasogastric or gastric tubes. The syrup preparation could be used for either oral or 
nasogastric/gastric tube administration. 

 

Figure 8 Schematic summary of study design and treatments (Study 005) 
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Table 9 Number of subjects (upper), dose (middle) and PK parameters (lower) by age groups 
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Table 10 Descriptive Statistics of Pharmacokinetics Parameter Estimates for Cinacalcet in Plasma after Oral 
Administration of 0.25 mg/kg Cinacalcet to Pediatric Subjects < 6 Years of Age with CKD Receiving 
Dialysis (Study 005) 

 

Parameter  tmax 

(hr) 
Cmax 

(ng/mL) 
AUClast 

(hr•ng/mL) 
AUCinf 

(hr•ng/mL) 
 t1/2,z 

(hr) 

Subjects 28 Days to < 3 Years of Age 

N 4 4 4 4 4

Mean (SD) NR 1.51 (0.820) 7.21 (5.27) 8.31 (6.28) 2.73

   (0.952)

Median 0.75 1.36 6.04 6.68 2.60

Min - Max 0.50-3.1 0.797-2.51 2.84-13.9 3.29-16.6 1.83-3.87 

CV% NR 54.5 73.1 75.7 34.9 

Subjects ≥ 3 to < 6 Years of Age 
N 8 8 8 7 7

Mean (SD) NR 3.50 (2.09) 14.1 (9.49) 12.9 (8.60) 4.26 (3.09) 

Median 1.0 3.97 13.7 9.66 2.95 

Min - Max 0.50-4.0 0.818-5.75 3.52-28.6 3.90-25.4 2.06-10.6 

CV% NR 59.9 67.3 66.5 72.6 

All Subjects < 6 Years of Age 
N 12 12 12 11 11

Mean (SD) NR 2.83(1.98) 11.8(8.74) 11.3(7.86) 3.70(2.57) 

Median 1.0 2.18 8.96 9.66 2.95 

Min - Max 0.50-4.0 0.797-5.75 2.84-28.6 3.29-25.4 1.83-10.6 

CV% NR 70.0 74.1 69.8 69.4 

Source: Table 11-1, CSR Study 005 
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Figure 9 Mean (±SD) Plasma Cinacalcet Concentration-time Profiles by Age Group After Oral Administration 
of Cinacalcet at 0.25 mg/kg to Pediatric Subjects < 6 Years of Age With CKD Receiving Dialysis 
(Study 20090005) 

Source: Figure 11-2, CSR Study 005 
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1.1.3 Study 20070208 (WR 2) 

 

 

Figure 10  Study Design (Study 208, WR Study 2) 
 

Dosing regimen: Once daily at a starting dose of ≤ 0.20 mg/kg based on dry weight, and the 
dose was titrated upward according to plasma iPTH and serum calcium levels and subject safety 
information every 4 weeks. The maximum dose was 4.2 mg/kg, not to exceed a total dose of 180 
mg for any subject, the labeled recommended adult maximum dose. 

The 2.5 mg dose used half of a suspension of a 5 mg capsule in sucrose syrup. The doses of 5, 
10, and 15 mg were given as 1, 2, and 3 capsules, respectively.  Capsules were to be opened, and 
the contents were to be sprinkled on food or compounded into sucrose syrup. The capsule shell 
was not to be consumed and was to be destroyed after use. Tablets at strengths of 30, 60, or 90 
mg were to be swallowed whole with food or shortly after a meal. 

 

PK Sampling: Blood samples for pharmacokinetic (PK) analysis were collected pre-dose 
(trough and baseline) for all subjects (those receiving peritoneal dialysis or hemodialysis, 
respectively).  For hemodialysis subjects only, a second sample was collected between 1 and less 
than 3 hours post-dose (half of hemodialysis subjects) or 3 to 24 hours post-dose (half of 
hemodialysis subjects) on day 1 and weeks 3, 7, 11, 15, 19, 23, 27, 33, 37, 41, 45, 49, 53, and 57. 

 

Based on the limited available data, observed cinacalcet concentrations were within the expected 
range of exposures for this population. The cinacalcet concentration data will be pooled with the 
results from other pediatric studies, analyzed using population PK, and reported separately. 
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Figure 11 Cinacalcet concentrations (Study 208) 
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1.1.4 Study 20110100 (WR 3) 

 

Dosing Regimen: 

Prior to the partial clinical hold (cohort 1), the starting dose was 0.25 mg/kg (based on dry 
weight) and was titrated upwards (maximum allowed daily dose of 4.2 mg/kg) according to 
plasma iPTH, corrected total serum calcium levels, and subject safety information. There were 
no protocol-specified doses for cohort 1; however, a maximum of 5 dose titration steps from the 
starting dose were permitted, and example dose titrations based on dry weight is provided in 
Table 2 of Section 6.1.2 of the original protocol (09 August 2011). The maximum dose could 
not exceed 2.5 mg/kg/day or 60 mg, whichever was lower. 

 

After the partial clinical hold (cohort 2), changes to the protocol included additional safety 
measures focused on further minimizing the risk of hypocalcemia and subject’s adherence to 
cinacalcet use. The starting dose (based on dry body weight) was 0.20 mg/kg rounded down to 
the next lowest protocol specified dose. The protocol specified doses were 1, 2.5, 5, 7.5, 10, 15, 
30, and 60 mg. The maximum dose could not exceed 2.5 mg/kg/day or 60 mg, whichever was 
lower. 

Cinacalcet capsules 5 mg were opened, and the contents were either sprinkled on soft food to be 
eaten by the subject, or suspended into sucrose syrup to create a liquid suspension and 
administered through the subject’s feeding tube. Blood samples were collected for PK 
characterization at trough, and 10 over 24 hour at Week 12 (Table 11)  
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Table 11 Schedule of on-treatment study assessments (WR Study 3) 

 
 

AE = adverse events; ECG = electrocardiogram; eDiary = electronic subject diary; EOIP = end of investigational product; EOS = end of study; 
ET = early termination; IC = informed consent; IP = investigational product; iPTH = intact parathyroid hormone; PK = pharmacokinetic; PTH = 
parathyroid hormone; SAE = serious adverse event. 
a 

PTH levels were to be measured 18 to 24 hours postdose (ie, from when dose was taken on the previous day). 

b 
The date and time of the dose of IP taken immediately prior to the PK blood sample was recorded.  As it is likely this dose was taken in the 

home of the subject, site staff instructed the parent/guardian to bring this information to the site during the clinic visit. 
c 

Also was recorded if changed at any time between the required collection times at day 1 and End of Study. 

d 
Included collection of adverse events (hypocalcemia, seizures, and infections) using the worksheet (Appendix C in Section 16.1.1). 

e 
The week 12 visit required a mandatory PK assessment over a 24 hour period in order to obtain 10 PK samples (predose, and then post-dose at 

30 minutes, hours 1, 2, 3, 4, 6, 8, 12, and 24). 
f 

The date and time of the dose of cinacalcet taken immediately prior to the first PK blood sample drawn was recorded.  As it is likely this dose 
was taken in the home of the subject, site staff instructed the parent/guardian to bring this information to the site/hospital. 
g 

If Informed Consent/Assent was signed for the optional 24-hour PK assessment substudy at week 24, the subject was to complete all of the 
EOIP assessments required by the protocol in addition to having the additional 10 PK samples collected at the same time points as listed above 
(footnote e) for week 12. 
h 

Assessments at week 26 must have been completed in order for the End of Study visit to be considered complete. 
i 

After last dose of cinacalcet (due to either study completion or early study closure); subject must have been assessed for any adverse event 14 
days afterwards, and for any serious adverse event 30 days afterwards.  It was preferable that this assessment occurred at the investigator’s site, 
but it could have occurred via telephone. 
j 

For cohort 2, ionized calcium assessments were determined at each weekly dispensing visit. 

k 
A single dose of cinacalcet was administered at week 24 for subjects participating in the optional PK substudy. 
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Primary PK Results: 

 

 

Figure 12 Mean (±SD) Plasma Cinacalcet Concentration-time Profiles at Week 12 After Daily Oral 
Administration to Pediatric Subjects < 6 Years of Age With CKD and Secondary 
Hyperparathyroidism Receiving Dialysis (Study 20110100) 
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Table 12 Pharmacokinetic Parameter Estimates for Cinacalcet in Plasma at Week 12 after Daily Oral 
Administration to Pediatric Subjects < 6 Years of Age With CKD and Secondary HPT Receiving 
Dialysis 
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1.1.5 Population PK/PD analysis (Report 122055) 
Table 13 Summary of primary study design included for population PK/PD analysis 
 

Study Phase 
Cinacalcet 
Dose in mg 

PK, iPTH and cCa Sampling 
Scheme 

Number of 
subjects 

included in 
analysis 

Population 

 
20070208 

 
1 

 
Titrated dose: 
2.5 ~15 mg 

PK at predose, post dose on Day 1, 
week 3, 7, 11, 15, 19 and 23 
PD at predose, Week 1, 3, 5, 7, 9, 
11, 13, 15, 17, 19, 21 and 23 

 
43 

CKD / sHPT in 
child aged 6-18 yr

 
20110100 

 
2 

Titrated dose: 
1, 2.5, 5, 7.5, 
10, 15, 30, and 60 mg 

PK at predose, post dose on Week 4, 
8, 12, 16, 20 and 24 
PD at predose, week 3, 7, 11, 15, 19, 
22 and 24 

 
17 

CKD / sHPT in 
child aged 
28days-6 yr 

 
20030227 

 
1 

 
single 15 mg 

PKPD at predose, on Day 1 at 

0.5, 1, 2, 3, 4, 5, 6, 8, 12, 24, 48, and 
72 hours postdose. 

 
12 

CKD / sHPT in 
child aged 6-17 yr

 
20090005 

 
1 

 
single 0.25 mg/kg 

PK at 0.5, 1, 2, 3, 4, 6, 8, 12, 24 
(Day 2), 48 (Day 3), and 72 (Day 4) 
hours post dose 
PD at predose, day 1 and 4 

 
12 

 
CKD / sHPT in 
child aged 
28days-6 yr 

 
20000172 

 
3 

 
dose titration (every 
3wks), 30, 60, 90, 120, 
and 180 mg 

PK at predose, 2, 4, and if possible 6 
h postdose on wk 24. Trough 
samples on wks 2, 5, 11, and 16. 
Weekly trough samples throughout 
dose-titration and biweekly 
throughout efficacy stage 

 
403 

ESRD with sHPT 
in adult 
 

 
20000187 

 
1 

Dose titration (weekly 
dose adjustment) 
25, 50, 75, 100, 125, 
150, 175, 200, 225, 
250, 275, and 300 mg 

PK trough samples on days 4, 6, and 
7 of each dose level. PK/PD at 
predose, 0.5, 1, 2, 3, 4, 6, 8, 12, and 
24 h postdose on day 7 of each dose 
level. Additional PK samples at 48, 
72, 96, and 120 h after the final dose 

 
22 Adults with CKD 

 
980126 

 
2a 

Single dose in Part 1 
with a 4 wk wash out 
then 8 QD doses in 
Part 2: 5, 10, 
25, 50, 75, and 100 mg 

Intensive PK/PD over 72 h after 
single dose in (P1) and over 24 h 
after QD (P2) dosing on days 1 and 
8. At 24 h postdose on days 2 to 7, 
and at 48 and 72 h postdose on day 8 
and 15(P2). 

 
60 sHPT 

 
970241 

 
1 

Single and multiple 
dose of 1, 5, 25, 50 or 
100 mg 

Intensive PK at predose, 0.25, 0.5, 
0.75, 1, 1.5, 2, 3, 4, 6, 8, 12, 18, 24, 
48 and 72 hrs post dose 
PD at predose, 0.5, 1, 2, 4, 8, 12, 18, 
24, 48 and 72 hrs post dose 

 
79 

 
Healthy adult 
subjects 
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Tlag = lag time; Ka = absorption rate constant; V2/F = apparent volume of distribution for the central compartment; V3/F = 
apparent volume of distribution for the peripheral compartment; C2 = compartment 2; C3 = compartment 3; CL/F= apparent 
clearance; Q2/F = apparent distribution clearance. 
Figure 13 Structural Population Pharmacokinetic Model  (Source; Figure 13, 2.7.2) 
 

Table 14 Parameter Estimates and Relative Standard Errors for Pharmacokinetic Models 

 
(Source; Table 6, 2.7.2) 
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Figure 14 Schematic summary of population PK/PD model (Source: Figure 15, 2.7.2) 
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Table 15 Parameter estimates and relative SE for PK/PD models 

 

PTH0_Patient and PTH0_HV: baseline PTH level for patient and healthy subjects, respectively. 
Ca0_Patient and Ca0_HV: baseline calcium level for patient and healthy subjects, respectively. 
Ratio_Patient and ratio_HV: for patient and healthy subjects, respectively. 
Kout,ca _Patient and Kout,ca _HV: the first order elimination rate for calcium for patient and healthy subjects, 
respectively. 
Power on PTH_Patient and Power on PTH_HV: the power relating changes in PTH from baseline to calcium 
production for patient and healthy subjects, respectively. 
Power on RO_Patient and Power on PTH_HV: a constant determining the strength of the effect of changes in 
receptor occupancy on PTH production for patient and healthy subjects, respectively. 
ω_PTH0, ω_Ca0, ω_ratio, ω_power on PTH, and ω_power on RO: intersubject variability (expressed in 
CV%) on PTH0, Ca0, ratio, power on PTH, and power on RO, respectively. 
σ_ iPTH_Patient and σ_ iPTH_HV: residual error expressed as additive on log scaled PTH for patients and healthy 
subjects, respectively. 
σ_ cCa_Patient and σ_ cCa_HV: residual error expressed as additive on log scaled calcium for patients and 
healthy subjects, respectively. 
 
(Source: Table 7, 2.7.2) 
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1.1.6 Physiologically based pharmacokinetic modeling (Study 122086) 

 

Cinacalcet compound file (Table 13) was developed for adult population and refined it using 
available sensitivity analysis in Simulator with drug interaction with ketoconazole data. For 
pediatric PK simulations, SIMCYP pediatric module, which is known to reflect ontogeny of drug 
metabolizing enzymes in addition to changes in physiologic parameters due to growth and 
development. 
 
Simulation for adult population overestimated concentrations in the terminal phase as only a 
minimal PBPK (one-compartment) model was available in SIMCYP while cinacalcet PK is best 
described by a two-compartment model. Cinacalcet compound file was refined through 
sensitivity analysis using drug interaction with ketoconazole data focusing on adjustment for the 
relative contribution (fm,CYP) of CYP1A2, 2C9, 2C19, and 3A. 
 
For simulation in pediatric population, in vivo-derived ontogeny data were introduced as 
advancement to the default in vitro-derived ontogeny in SIMCYP, version 10. The sponsor 
indicated that the plasma concentration-time profiles across the pediatric age range including 
ages 28 days to 9 months were reasonably predicted using the cinacalcet compound file and the 
PBPK model. 
 
The sponsor concluded using the PBPK analysis that the average, weight-normalized oral 
clearance of cinacalcet varies less than 1.5-fold for pediatric patients aged 28 days to 1 year, as 
well as for pediatric patients aged 28 days to 17 years. The simulations also projected that the 
average Cmax, AUC and weight-normalized oral clearance of cinacalcet varied less than 1.5-fold 

for patients aged 28 days to 1 year at the lowest dose used in the simulation (0.2 mg/kg), 
supporting its selection as the weight-based starting dose for this age range. There was apparent  
concordance between the observed and predicted cinacalcet PK data across the pediatric age 
range based on the cinacalcet compound file, in vivo-based ontogeny, and the PBPK model. 
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Table 16 Parameters for the final Cinacalcet compound file (source, Table 1, CSR 122086) 
 

 

Parameter 
 

Value Source 
 

Molecular Weight 
(free base) 

 

357.4 Product monograph 

 

LogD 
 

4.79 Product monograph 
 

pKa 
 

8.72 Product monograph 
 

Fraction unbound (fu) 
in plasma 

 

0.05 Amgen Study Report #100158 

 

Red blood cell 
partitioning 

 

0.80 Amgen Study Report #102739 

-6 
Papp (x10   cm/s, 
Caco-2 cell line) 

 

3.27 Amgen Study Report # 100154 

-1 
Ka (h  ) 

 

1.48 Wang, B et al, Clin Pharmacol Ther. 
2001; 69: P91. 

 

fu,gut 
 

0.0059 Estimated using Simcyp 
 

Vss (L/kg) 
 

12.5 Amgen Study Report # 990751 

(Vss = 944 L; median weight 75.6 kg) 
 

fu,mic 
 

0.36 Estimated using Simcyp 
 

CLint (µL/min/pmol) 
 

CYP1A2: 1.58 
 

CYP2C9: 0.86 
 

CYP2C19: 0.98 
 

CYP3A: 3.62 

 

Estimated from fm,CYP obtained from 
Amgen Study Report # 102724 and 

refined using the cinacalcet AUC 
with KTZ co-administration (Amgen 

Study Report 20000101) 

 

Renal Clearance 
(L/h) 

 

0.0 Kumar,GN et al Drug Metab Dispos. 
2004; 32: 1491-1500 
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