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following repeated once daily administration of 30 μg, 60 μg and 90 μg Rayaldee for 6 
weeks, mean serum calcifediol concentrations increased gradually with increasing dose.
The mean baseline-adjusted Cmax values were approximately 28, 60, and  ng/mL 
following 30 μg, 60 μg and 90 μg once daily Rayaldee doses, respectively. Mean 
exposures (baseline-adjusted AUC0-6w to calcifediol), were dose proportional over 30 to
90 μg doses when compared across dose groups. Median elimination half-life (t1/2), in the 
Phase 2 study was approximately between 24 to days across all dose groups. PopPK
analysis revealed an elimination half-life of approximately 25 days for calcifediol in 
patients with CKD, volume of distribution (Vd/F) of 30.1 L, and approximately 8 to 9 
weeks duration to reach the steady state calcifediol levels.

Agency accepted the sponsor’s plan during End-of-Phase 2 meeting discussion to
not conduct any clinical studies to investigate the distribution, metabolism or excretion of 
calcifediol. However, the available literature data reveals that endogenous or exogenous 
calcifediol is metabolized by the following three routes:

o Conversion to calcitriol by cytochrome P-450 25-hydroxyvitamin D 
hydroxylase (CYP27B1), located in the kidney, parathyroid gland, and 
other tissues1;

o Hepatic catabolism to water-soluble forms excreted in bile, a significant 
fraction of which have been identified as glucuronide conjugates2 ;

o Conversion to 24,25-dihydroxyvitamin D3 and, subsequently, calcitroic 
acid by cytochrome P-450 CYP24A13

More than 98% of calcifediol in plasma circulates as bound to plasma protein4.

Pharmacodynamics
Pharmacodynamic analyses from the Phase 2 study (CTAP101-CL-2008),

indicated that plasma intact parathyroid hormone (iPTH) levels decreased and serum total 
1,25-dihydroxyvitamin D increased over the 6-week treatment period in a dose-
dependent manner. Following multiple dose administration of Rayaldee for 6 weeks the 
mean percent change from baseline in iPTH levels were -20.9%, -32.8% and % for 
the 30 μg, 60 μg
+13.2% in the placebo groups.

Dose/Exposure-Response for Efficacy
Phase 2 study CTAP101-CL-2008 showed that Rayaldee decreased mean plasma 

iPTH and increased mean serum total 25-hydroxyvitamin D in a dose proportional 

mean plasma iPTH changes from baseline of -20, -32 and %, respectively. The daily 
-hydroxyvitamin D 

concentrations to 37 ng/mL (at EOT), just higher than the level considered to be adequate 
reased serum total 25-hydroxyvitamin D to a 

1 DeLuca HF, Am J Clin Nutr. 2004 Dec;80(6 Suppl):1689S-96S.
2 Ledger et al, Digestive Diseases and Sciences. Vol. 31. No.4 (April 1986). pp. 361-368
3 Jones et al, Archives of Biochemistry and Biophysics 2012,  523 (2012) 9–18
4 Chun RF, Cell Biochem Funct 2012; 30: 445–456.

Reference ID: 3890514

(b)(4)

(b) (4)

(b) (4)

(b) 
(4)





8

Intrinsic Factors
Renal Impairment: Rayaldee is indicated for the treatment of 
secondary hyperparathyroidism in stage 3 or 4 chronic kidney disease (CKD) 

 Phase 2 and Phase 3 studies were conducted in stage 3 and 4 CKD patient 
population, which provides the pharmacokinetic, safety and efficacy data in this 
patient population. In addition based on population PK analysis, estimated glomerular 
filtration rate (eGFR, range from 12 to 71 ml/min/1.73m2) had no clinically relevant 
effect on the pharmacokinetics of calcifediol.

Hepatic Impairment: No formal studies of Rayaldee have been performed in 
patients with hepatic impairment. 

Age, Gender, Race, Body Weight and Diabetic Status: Based on the PopPK
analysis, age, gender, race, body weight, and diabetic status had no clinically relevant 
effect on the pharmacokinetics of calcifediol.

Extrinsic Factors:
Drug-Drug Interactions: In this NDA, sponsor has not conducted any clinical drug-
drug interaction studies with calcifediol. Sponsor is relying on the available literature 
data or the information from the approved labels of the vitamin D drugs. for the 
following drug-drug interactions:

o Cholestyramine is reported to reduce the absorption of fat-soluble vitamin 
D, and thus may impair the absorption of calcifediol from Rayaldee 
capsules.

o Co-administration of anticonvulsants (eg, phenytoin and phenobarbital) is 
reported to reduce plasma levels of calcifediol by accelerating its 
metabolism.

o The co-administration of cytochrome P450 inhibitors that may inhibit the 
catabolic enzymes of calcifediol and its metabolites (CYP24 and 
CYP27B1), such as ketoconazole may alter the plasma levels of 
calcifediol.

Reference ID: 3890514
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Suppression of parathyroid hormone (PTH) synthesis and secretion is a well 
understood pharmacodynamic response produced by active vitamin D compounds. 
Plasma PTH levels are directly modulated by calcitriol, which induces binding of the 
vitamin D receptor (VDR) to a negative regulatory element in the PTH gene promoter, 
resulting in reduced production of PTH5. Literature studies suggest that calcitriol has a 
high affinity for the VDR (approximately 10-10 M). Calcifediol, in contrast, has a low 
affinity for the VDR, estimated to be 500 to 1000-fold lower than that of calcitriol6,7.
Please refer to Pharmacology and Toxicology review by Dr. Parvaneh Espandiari for 
further details on in-vitro and non-clinical potency of calcifediol.

2.1.4 What are the proposed dosage and route of administration?
Rayaldee capsules are intended for oral administration once daily. Rayaldee

capsules should be swallowed whole and should be administered during bed time.  

Proposed Dosage and Administration:
The optimal dose of Rayaldee should be determined for each patient (see Table 2).

The recommended initial dose of RAYALDEE is 30 μg administered orally once 
daily at bedtime.  Serum calcium should be below 9.8 mg/dL before initiating 
treatment.

5 Kumar R, Thompson JR. J Am Soc Nephrol, 2011, 22:216-224
6 Hughes et al, J Clin Invest, 1976, 58:61-70
7 Bikle,Endocr Rev, 1992, 13:765-784
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Table 2: Proposed Dosing Recommendations

2.1.5 Is any OSI (Office of Scientific Investigation) inspection requested for any of 
the clinical studies?

No. Sponsor used to-be-marketed drug product in all of their pivotal Phase 1, Phase 2 and 
Phase 3 studies. Therefore, no bioequivalence study was needed. 

Reference ID: 3890514
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2.2 General Clinical Pharmacology 

2.2.1 What are the design features of the clinical pharmacology and clinical studies 
used to support dosing or claims?
Rayaldee’s efficacy for the intended indication has been demonstrated in one 

Phase 2 and three Phase 3 clinical studies. All four studies were conducted in CKD stage 
3 and stage 4 patients with SHPT, and vitamin D insufficiency. Clinical pharmacology 
program consists of 4 single dose clinical pharmacology studies (Table 3). The primary 
efficacy endpoint for each Phase 3 study was the number (n, %) of subjects in the intent-
to-treat (ITT) population that attained a mean decrease in plasma iPTH from pre-
treatment 
as the last 6 weeks of the 26-week treatment period.

Efficacy and Safety Program (Phase 2b/3 Program):
Rayaldee’s efficacy and safety program for the intended indication consists of one 

Phase 2 and three Phase 3 clinical studies. The Phase 2 study (CTAP101-CL-2008), 
evaluated three fixed daily bedtime doses of Rayaldee (30, 60 and 90 μg) or placebo for 
6-weeks. Based on the study results of the Phase 2 study trial, starting dose for the 
subsequent Phase 3 trials was selected.

The two pivotal Phase 3 studies (CTAP101-CL-3001 and CTAP101-CL-3002) 
evaluated daily bedtime Rayaldee or placebo treatment in 429 subjects using an identical 
randomized, double-blind design for 26-weeks. In the third Phase 3 trial, subjects were 
enrolled for a 26 weeks open-label extension study (CTAP101- CL-3003). In the Phase 3 
trials, a dose titration scheme was used where all subjects started with Rayaldee dose of

eded, in order to 
achieve the desired reduction in plasma iPTH. In the Phase 3 trials dose titration was not 
allowed after 12 weeks of dosing. 

The primary efficacy endpoint for the phase 3 studies was the number (n, %) of 
subjects in the intent-to-treat (ITT) population that attained a mean decrease in plasma 
iPTH from pre-
which was defined as the last 6 weeks of the 26-week treatment period. The secondary 
efficacy endpoints included the number (n, %) of subjects in the per protocol (PP) 
population achieving a mean 30% decrease in plasma iPTH from pre-treatment baseline 
in the EAP, and the number (n, %) of subjects in the ITT and PP populations achieving 
adequate serum total 25-

Key exploratory efficacy endpoints in the Phase 3 trials included changes in mean 
serum total 1,25-dihydroxyvitamin D, 24,25-dihydroxyvitamin D3 and markers of 
excessive bone turnover.

Mean baseline iPTH values in the Phase 3 trials ranged from 136.7 pg/mL to 
155.6 pg/mL. The response rates, which is defined as proportion of subject with greater 
than 30% iPTH reduction from baseline , for Rayaldee were similar in both studies Phase 
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3 studies: 22% at 12 weeks, 40% at 26 weeks, and 50% after 52 weeks, compared with 
<8% for placebo (P<0.001).

Clinical Pharmacology Program:
Clinical pharmacology programs consist of 4 single dose clinical pharmacology 

studies. Three of the four single-dose clinical pharmacology studies (CTAP101-CL-1011, 
CTAP101-CL-1016 and CTAP101-CL-1005) were conducted in healthy volunteers, and 
one (CTAP101-CL-2004) was conducted in CKD patients.

Study CTAP101-CL-1011 determined the absolute bioavailability and PK profile 
of development formulation 4.

Table 3: Overview of Rayaldee Clinical Development Program

Reference ID: 3890514
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Study CTAP101-CL-1016 determined the effect of a high-fat, high calorie meal 
on the relative bioavailability and PK profile of development formulation 4.
Study CTAP101-CL-1005 evaluated the absolute bioavailability and PK profile of 
development formulation 2 administered at three different doses.
Study CTAP101-CL-2004 evaluated the absolute bioavailability and PK and PD 
profiles of development formulation 3 administered at two different doses.

Out of four Phase 1 studies only two studies (CTAP101-CL-1011, CTAP101-CL-
1016) used the proposed to-be-marketed formulation (Formulation 4) and this review will 
focus on these two studies. In addition, the sponsor also conducted a population 
pharmacokinetic/pharmacodynamics analysis based on the study results of Phase 2 and 
Phase 3 trials. 

2.2.2 What is the basis for selecting the response endpoints and how are they 
measured in clinical pharmacology studies?
The primary efficacy endpoint for phase 3 studies was the number (n, %) of 

subjects in the intent-to-treat (ITT) population that attained a mean decrease in plasma 
iPTH from pre-treatment baseline of 
was defined as the assessments at the last 6 weeks of the 26-week treatment period. The 
secondary efficacy endpoints included the number (n, %) of subjects in the per protocol 
(PP) population achieving a mean 30% decrease in plasma iPTH from pre-treatment 
baseline in the EAP, and the number (n, %) of subjects in the ITT and PP populations 
achieving adequate serum total 25-
exploratory efficacy endpoints included in the Phase 3 trials were changes in mean serum 
total 1,25-dihydroxyvitamin D, 24,25-dihydroxyvitamin D3 and markers of excessive 
bone turnover. 

Sponsor developed the Phase 3 clinical program based on the guidance received 
from FDA during a pre-IND meeting on 18 December 2006 and an End-of-Phase 2 
meeting on 14 February 2012. The design and analysis of the two pivotal studies were 
agreed upon with the Agency under a Special Protocol Assessment.

2.2.3 Are the active moieties in plasma and clinically relevant tissues appropriately 
identified and measured to assess pharmacokinetic parameters and exposure 
response relationships?

Yes. Please refer to the analytical section (2.7) for details.
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 mean serum total 25-hydroxyvitamin D at EOT to ng/mL, resulting in total 
25-hydroxyvitamin D  ng/mL in a substantial proportion of subjects.

The exposure-response relationships are consistent with the observed dose-
response. Exploratory exposure-response plots for iPTH and 1,25-dihydroxyvitamin D 
revealed that higher concentrations of calcifediol were generally associated with larger 
reductions in iPTH, and greater increase in total 1,25-dihydroxyvitamin D. PK/PD 
model-based simulation also indicated that iPTH levels decreased and 1,25-
dihydroxyvitamin D levels increased as calcifediol exposure increased. The reduction in 
iPTH was found gradually less significant at higher calcifediol exposures. The simulation 
results indicated that the calcifediol effect in decreasing iPTH level was greater in more 
advanced CKD, while the calcifediol effect in increasing 1,25-dihydroxyvitamin D was 
smaller in more advanced CKD. The differences in median effects between CKD stages 
were minimal for
with larger doses. See Pharmacometrics review in Appendix 4.2 for details. 

2.3.3 Is there dose/exposure-response for safety endpoints?
The Phase 2 study CTAP101-CL-2008, demonstrated comparable AE rates across 

the treatment groups Based on graphical 
exploratory analysis using phase 2 and phase 3 data, calcium and phosphate levels does 
not appear to change with increased calcifediol exposure. The flat exposure-response 
relationships were consistent with dose response results. Given such negligible responses 
of calcium and phosphate, no PKPD models were developed. See Pharmacometrics 
review in Appendix 4.2 for details. 

2.3.4 Is the proposed dosing regimen (starting 30 mcg once daily and increase to 60 
mcg after approximately 3 months, as needed) adequate for all indicated 
patients population? 
Yes. The proposed dosing regimen (starting 30 μg once daily and increase to 60 

μg after approximately 3 months, as needed) is considered adequate for the following 
reasons: 

The proposed dosing regimen and titration scheme was evaluated in phase 3 trials
and has demonstrated efficacy and acceptable tolerability.

Steady state of calcifediol occurs after 8 to 9 weeks of treatment. Titration at 3 
months based on individual response would allow calcifediol to reach steady state
before the dose increase, to achieve the targeted response in plasma iPTH. 

Based on dose/exposure-response results in efficacy, a higher starting dose of 60 
lead to greater early response in iPTH reduction. However, the 

observed lack of response in majority (~80%) of patients by 3 months was not 
found to be driven by lower concentrations. Furthermore, secondary 
hyperparathyroidism is chronic diseases which require long-term treatment. 
Achieving targeted iPTH response within the first 3 months of treatment is not 
considered critical compared to the overall treatment goal.  
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In addition, it was observed in the pivotal trials that among patients who stayed at 

dose may lose some response over time. Therefore, option of up-titration beyond 3 
months should be allowed for patients who achieve PTH control initially at 3 months, but 
may lose response later during the therapy. See Pharmacometrics review in Appendix 
4.2 for details. 

2.4 What are the PK characteristics of the drug?

2.4.1 What are the single and multiple dose PK characteristic of Rayaldee in healthy 
and in patients with CKD?
Phase 1 absolute bioavailability study characterized the pharmacokinetics of 

Rayaldee in healthy subjects. However, the Phase 1 absolute bioavailability study was 
conducted at a supra

the absolute bioavailability study were considered as exploratory in nature and  

Pharmacokinetic data of Rayaldee in patients with CKD stage 3 and stage 4 was 
characterized in Phase 2 trial and is based on the population PK analysis of Phase 2 and 
Phase 3 data. 

Single Dose Pharmacokinetics in Healthy Subjects:
In healthy subjects, twenty subjects were randomized either to receive a single 

oral dose o
As compared to IV dose, the 

absolute bioavailability of Rayaldee capsules was approximately 25%. Mean baseline-
adjusted calcifediol concentrations over time are presented by treatment group in Figure 
4. A summary of baseline-adjusted PK parameters, by treatment group, are presented in 
Table 6.

Reference ID: 3890514
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Figure 4: Figure Showing Summary of Baseline-Adjusted Pharmacokinetic 
Parameters for Calcifediol (Study CTAP101-CL-1011). Figures in the Inlet show
the Pharmacokinetics of Calcifediol from 0-96 hours.
Source: Sponsor’s report on Summary of Clinical Pharmacology Pg: 14

Table 4: Summary of Baseline-Adjusted Pharmacokinetic Parameters for Calcifediol 
(Study CTAP101-CL-1011)

Source: Sponsor’s report on Summary of Clinical Pharmacology 
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2.4.3 What are the characteristics of drug distribution?
Plasma protein binding has not been evaluated in this NDA. Based on literature 

data, more than 98% of calcifediol circulates as bound to plasma protein8. Based on the 
population PK analysis the mean apparent volume of distribution was 30.1 L in subjects 
with stage 3 or 4 chronic kidney disease following repeated dosing.

2.4.4 What are the characteristics of drug metabolism and elimination?
Sponsor, as agreed with the Agency during End-of-Phase 2 meeting, has not 

conducted any clinical studies to investigate the distribution, metabolism or excretion of 
calcifediol. Based on the available literature data, endogenous or exogenous calcifediol 
is metabolized by the following three routes:

o Conversion to calcitriol by cytochrome P-450 25-hydroxyvitamin D 
hydroxylase (CYP27B1), located in the kidney, parathyroid gland, and 
other tissues9;

o Hepatic catabolism to water-soluble forms excreted in bile, a significant 
fraction of which have been identified as glucuronide conjugates10 ;

o Conversion to 24,25-dihydroxyvitamin D3 and, subsequently, calcitroic 
acid by cytochrome P-450 CYP24A111

8 Chun RF, Cell Biochem Funct, 2012; 30: 445–456.
9 DeLuca HF, Am J Clin Nutr. 2004 Dec;80(6 Suppl):1689S-96S.
10 Ledger et al, Digestive Diseases and Sciences. Vol. 31. No.4 (April 1986). pp. 361-368
11 Jones et al, Archives of Biochemistry and Biophysics 2012,  523 (2012) 9–18

Figure 6: Overview of Vitamin D3 Metabolism
Source: Sponsor’s report on Summary of Clinical Pharmacology
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2.5 Intrinsic Factors

2.5.1 What intrinsic factors (e.g., age, gender, race, weight, height, , pregnancy, and 
organ dysfunction) influence exposure (PK usually) and/or response(PD)?

Renal Impairment:
Rayaldee is indicated for the treatment of secondary 

hyperparathyroidism in stage 3 or 4 chronic kidney disease (CKD) . In this NDA, 
no formal study comparing the pharmacokinetic of Rayaldee in CKD patient and healthy 
volunteer was conducted. However, the Phase 2 and Phase 3 studies were conducted in 
stage 3 and 4 CKD patient population which supports and provides the pharmacokinetic, 
safety and efficacy data in this patient population. In addition based on population PK 
analysis, eGFR (range from 12 to 71 ml/min/1.73m2) had no clinically relevant effect on 
the pharmacokinetics of calcifediol.

Hepatic Impairment: No formal studies of Rayaldee have been performed in patients 
with hepatic impairment. 

Reviewer’s Comment: Following oral administration, Vitamin D is metabolized to 25 
hydroxyvitamin D (25(OH) Vitamin D) primarily through the liver, then to the active
form 1,25-dihydroxyvitamin D (1,25(OH)2D) in kidney. Calcifediol is 25 (OH) Vitamin 
D3 and does not need metabolism through liver to be activated .Thus hepatic 
impairment should not have any effect on the exposure or the efficacy of the 
calcifediol. In addition, the proposed dosing regimen for Rayaldee also requires 
monitoring and dosing adjustments based on 25(OH) Vitamin D levels, increased 
exposure if any due to hepatic impairment will be monitored during Rayaldee 
treatment. 

Age, Gender, Race, Body Weight, and Diabetic status: Based on the population 
pharmacokinetic analysis, age, gender, race, body weight, and diabetic status had no 
clinically relevant effect on the pharmacokinetics of calcifediol. No dosing adjustment is 
warranted for these specific populations. Please refer to Pharmacometrics review 
Appendix 4.2 for further details. 

2.6 Extrinsic Factors

2.6.1 What extrinsic factors (drugs, herbal products) influence dose-exposure and/or 
-response and what is the impact of any differences in exposure on response?  
In this NDA, sponsor has not conducted any clinical drug-drug interaction studies. 

Sponsor is relying on the available literature data or the information from the 
approved labels of the vitamin D drugs. for the following drug-drug interaction 
potential of calcifediol:

Reference ID: 3890514
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o Cholestyramine is reported to reduce the absorption of fat-soluble vitamin 
D, and thus may impair the absorption of calcifediol from Rayaldee 
capsules.

o Co-administration of anticonvulsants (eg, phenytoin and phenobarbital) is 
reported to reduce plasma levels of calcifediol by accelerating metabolism.

o The co-administration of cytochrome P450 inhibitors that may inhibit the 
catabolic enzymes of calcifediol and its metabolites (CYP24 and 
CYP27B1), such as ketoconozole may alter the plasma levels of 
calcifediol.

2.6.2 What is the effect of food on the pharmacokinetics of Rayaldee?
The effect of high fat meal on the single-dose pharmacokinetics of the Rayaldee 

capsules was examined in a phase 1, open-label, single-center, randomized, single-dose, 
two treatment parallel design study in healthy adult volunteers (Study CTAP101-CL-

-hour overnight 
fast (n=24) or following a high-fat, high-calorie meal (n=24).

Serum calcifediol concentrations by treatment group are presented in Figure 8. A 
summary of baseline-adjusted PK parameters is presented in Table 6. Administration of 
Rayaldee in a fed state resulted in a significantly higher exposure of calcifediol compared 
to Rayaldee administered in a fasted state. Cmax and AUC0-t increased 5- and 3.5-fold, 
respectively, when Rayaldee was administered in the fed state compared to the fasting 
state, and the Tmax was approximately 20 hours earlier. The median Tmax was 11 hours in 
the fed group compared to 32 hours in the fasted group.

Figure 8: Mean (SD) Baseline-Adjusted Serum Calcifediol Concentrations

Reference ID: 3890514
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Time Profile by Treatment Group (Study CTAP101-CL-1016)

Reviewers Comment: Food effect study was conducted at a supra therapeutic dose (450 

in this NDA. Thus, the results from the food effect study at the supra therapeutic dose 

from the proposed label. In addition, sponsor also acknowledge in the summary of 
clinical pharmacology report that non-clinical data have indicated that large doses of 
certain fat-based vehicles (such as those used in Rayaldee) inhibit normal absorption 
of vitamin D compounds when administered in the fasting state. Thus, a food effect 
results seen in this trial may be exaggerated due to the high vehicle load in the fasting 
state. The proposed label recommends Rayaldee to be taken at bedtime similar to what 
they have studied in the Phase 3 settings.

Table 6: Summary of Baseline-Adjusted PK Parameters for Calcifediol and Food 
Effect Analyses (Study CTAP101-CL-1016)

Source: Sponsor’s Study report  summary of  Biopharmaceutics Studies and Associated Analytical 
Methods

Reference ID: 3890514
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2.7 General Biopharmaceutics
An overview of the Rayaldee drug products used in clinical trials is presented in

Table 7. During the clinical development of Rayaldee, three formulations were used. 
Formulation 4, the commercial to be marketed formulation was used in the pivotal Phase 
2 and Phase 3 studies.

Table 7: Clinical Trials and Rayaldee Formulation Used

Reference ID: 3890514
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2.8 Analytical

2.8.1 How are the active moieties identified and measured in the plasma?
In this NDA, two HPLC/MS methods were used to determine the concentrations 

of calcifediol in serum samples. Method ANI9717 was used in studies CTAP101-CL-
2004, CTAP101-CL-1011 and CTAP101-CL-2008, and method ANI10686 was used in
study CTAP101-CL-1016, CTAP101-CL-3001 and CTAP101-CL-3002 .Summaries of 
the validation results for each method are provided in Table 8 and Table 9.

Method ANI9717: A HPLC/MS methods were used to determine the 
concentrations of calcifediol in serum samples. 25-Hydroxyvitamin D3 is extracted from 
an aliquot of human serum using a liquid-liquid extraction procedure followed by a 
derivatization process. The extracted sample is then injected into a liquid chromatography 
system equipped with a tandem mass spectrometry detector. Summaries of the validation 
results for each method are provided in Table 8. In this method 25-Hydroxyvitamin D3
was shown to be stable in human serum for 4 freeze-thaw cycles at -20ºC, -80 ºC, 24 
hours at room temperature. Long term stability data indicated that the 25-Hydroxyvitamin 
D3 is stable for up to 230 days at -20°C, 230 days at -80oC.

Table 8: Summary of Validation Results for Calcifediol Method ANI9717

Method ANI10686: 25-Hydroxyvitamin D3 is extracted from an aliquot of human 
serum using a liquid-liquid extraction using a mixture of hexanes and dichloromethane. 
The extracted sample is then injected into a liquid chromatography system equipped with 
a tandem mass spectrometry detector. A HPLC/MS/MS methods were used to determine 
the concentrations of calcifediol in serum samples. Summaries of the validation results 
for each method are provided in Table 9. In this method 25-Hydroxyvitamin D3 was 
shown to be stable in human serum for 4 freeze-thaw cycles at -20ºC, -80 ºC, 24 hours at 
4 ºC temperature. Long term stability data indicated that the 25-Hydroxyvitamin D3 is 
stable for up to 168 days at -20°C and -80 ºC.

Reference ID: 3890514
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Table 9: Summary of Validation Results for Calcifediol Method ANI10686

Reference ID: 3890514
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4.2 Pharmacometrics Review
OFFICE OF CLINICAL PHARMACOLOGY:

PHARMACOMETRIC REVIEW

4.2.1 Key Review Questions
The purpose of this review is to address the following key questions.

4.2.1.1 Is the proposed dosing regimen (starting 30 mcg once daily and increase to 60 
mcg after approximately 3 months, as needed) adequate for all indicated 
patients population? 

- In addition to up-titration at 3 months, is there a need for allowing later 
up-titrations for patients who stay on 30 μg after 3 months?

Yes. The proposed dosing regimen (starting 30 μg once daily and increase to 60 μg after 
approximately 3 months, as needed) is considered adequate for the following reasons: 

The proposed dosing regimen and titration scheme was evaluated in phase 3 trials
and has demonstrated efficacy and acceptable tolerability.

Steady state of calcifediol occurs after 8 to 9 weeks of treatment. Titration at 3 
months based on individual response would allow calcifediol to reach steady state
before the dose increase, to achieve the targeted response in plasma iPTH. 

Based on dose/exposure-response results in efficacy, a higher starting dose of 60
lead to greater early response in iPTH reduction. However, the 

observed lack of response in majority (~80%) of patients by 3 months was not 
found to be driven by lower concentrations. Furthermore, secondary 
hyperparathyroidism is a chronic disease which require long-term treatment. 
Achieving targeted iPTH response within the first 3 months of treatment is not 
considered critical compared to the overall treatment goal.  

However, option of up-titration beyond 3 months should be allowed for patients 
who achieve bio-chemical control initially at 3 months, but lose response later 
during the therapy.

The selection of starting dose and titration scheme was determined based on the results of 
the Phase 2 study (CL2008).  Refer to section 2.3.1 for details on dose selection.

To assess the adequacy of the starting dose 30 μg, the proportions of subjects who 
and of compared

using data from the ITT population for phase 3 studies CL3001 and CL3002. The results 
were similar between study, with only

(Figure 9). 
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Figure 11: Distribution of Baseline levels in iPTH, and Calcium in two titration 
groups (by study)

In addition, the change in response rates (30% iPTH reduction from baseline) over time 
was ev up-

Figure 12
with 30% PTH reduction was 42% at week 12, and reduced to 26% at EAP. This suggests
that
it should be noted that by study design of CL3001 and CL3002, dose increase only 
occurred once at week 12, with no additional escalation permitted beyond that. The 
apparent loss of response could be mitigated by including optional up titrations after 
week 12, and thus option of up-titration after week 12 should be included in the label, for 
patients who are still on 30 .

Figure 12: Proportion of patients with 30% PTH reduction at Week 12 and EAP
(Efficacy assessment period)

Reference ID: 3890514
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Table 10: Parameter estimates of final full covariate PK model

*Estimates of modeled in the log domain were exponentiated and are reported in the table.
Typical estimates of the PK model parameters are presented for the reference covariates (WT=94 kg, LBW=55 kg, 
eGFR=31 ml=min=1.73m2, AGE=67 years, absence of diabetes, non-black). **95%CI was derived from bootstrap 
analysis. AGE = age (year); BL = baseline calcifediol (endogenous); CI = confidence interval; CL/F = apparent
clearance; corr = correlation coefficient; CV = coefficient of variation; eGFR = estimated glomerular filtration rate 
(ml/min/1.73m2); IIV = interindividual variability (variance, 2); ka = first-order absorption rate constant; LBW= lean 
body weight (kg); V/F = apparent volume of distribution; Resproportional = proportional residual variability (variance, 

2proportional); Resadditive = additive residual variability (variance, 2additive); SD = standard deviation; WT = body weight 
(kg); 2 additive = additive residual error variance; 2 proportional = proportional residual error variance;  = inter-
individual covariance matrix; = residual covariance matrix; = fixed effect parameter.

(Sources: Sponsor’s Population PK/PD report , Table 10)

Figure 13: Observed vs. individual and population predicted for the final population 
PK model in the active and placebo arms

Reference ID: 3890514
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(Sources: Sponsor’s Population PK/PD report , Figure 11)

Figure 14: Predictive check for final population PK model in Phase 3

(Sources: Sponsor’s Population PK/PD report , Figure 24)

Sponsor’s conclusion based on population PK analysis: 
The calculated elimination half-life for the typical reference subject was 604.6 hours, 
approximately 25 days. The effects of LBW, age, eGFR, and diabetes on calcifediol 
clearance were quantified in the final model. However, none of these covariates were 
identified as clinically meaningful predictors of calcifediol CL/F or average concentration 
during the dosing interval at steady-state (Cavg,ss), as shown in Figure 14. Body weight 
(WT) was found to be a predictor of calcifediol volume of distribution, but the clinical 
importance of this relationship is likely minimal given the long elimination half-life of 
calcifediol, slow absorption profile of the  formulation, and that changes in volume 
absolutely do not impact steady-state average exposures. The effect of race on 
endogenous calcifediol baseline concentrations was well characterized and estimated 
with good precision, however, this relationship was shown to unlikely have a clinically 
meaningful impact on Cavg,ss.

Reference ID: 3890514
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Figure 15: Covariate effects on simulated Cavg,ss

Simulated Cavg,ss values are based on a regimen of 30 mcg daily. Covariates related to Cavg,ss were fixed at the 
reference values, except when the subject of perturbation: LBW of 55 kg, eGFR of 31 mL/min/1.73m2, age at 67 yrs, 
non-diabetic and non-black. Different cuts of age, eGFR and LBW represent the observed 5th, 20th, 80th, and 95th 
percentiles of these continuous covariates. A vertical black line is drawn at the reference point estimate, and the shaded 
region is ± 25% of the reference point estimate chosen to represent an uncertainty range of clinical unimportance.

(Source: Sponsor’s Population PK/PD report, Figure 1)

Reviewer’s Comments on population PK analysis: 
1. Reviewer agrees with sponsor’s conclusions in general. The final model adequately 
captured the observed data and all the PK parameters were estimated with acceptable 
precision. The predictive capability of the final PK model was validated through different 
approaches. 

2. The inclusion of eGFR was not necessary in the final model. Given the biliary 
excretion pathway of calcifediol, eGFR is not expected to have an effect on clearance.

3. This population PK model provided acceptable post hoc exposure predictions that 
were used in subsequent E-R analyses given small shrinkage (<20%) in PK parameters 
and adequate model performance in describing the observed data. 

Reference ID: 3890514
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Figure 19: Observed 1, 25D change from baseline vs. Individual predicted 
calcifediol concentration in Phase 3

(Source: Sponsor’s Population PK/PD report, Figure 44)

The exposure-response relationship for calcifediol effect on plasma iPTH was 
characterized by an indirect response model with an Emax model for calcifediol 
inhibitory effect. The PK-PD relationship for calcifediol and serum total 1,25D was 
described by a simple linear model where changes in 1,25D were directly proportional to 
exogenous calcifediol exposure. Based on clinical interest, the impact of eGFR was 
evaluated as a covariate in both PD endpoint models. The effect of eGFR on baseline was 
well characterized for both iPTH and 1,25D and estimated with good precision. eGFR 
was found to be inversely related to iPTH baseline and positively related to 1,25D 
baseline. The parameter estimates for final iPTH model are shown in Table 11.

Table 11: Summary iPTH population PD final model parameter estimates

Reference ID: 3890514
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(Source: Sponsor’s Population PK/PD report, Table 13)

All final PK-PD models were evaluated for goodness-of-fit and qualified. Model-based 
simulations were conducted to explore the dose-exposure-response relationships for PK 
and PD endpoints, including the impact of covariates on such relationships. In addition, 
simulations were used to evaluate the effect of CKD stages 2, 3, and 4 on the exposure-
response relationships.

Sponsor’s conclusion based on E-R analysis: 
This data modeling demonstrated that body size, age, race, gender, eGFR, and diabetes 
had no significant influence on serum total 25-hydroxyvitamin D elevation and plasma 
iPTH reduction observed with Rayaldee treatment. 
Simulation-based inferences indicated that iPTH levels decreased and 1,25-
dihydroxyvitamin D levels increased as calcifediol exposure increased (Figure 20 and 
Figure 21). The reduction in iPTH was gradually less significant at higher calcifediol 
exposures. The simulation results indicated that the median typical calcifediol effect in 
decreasing iPTH level was greater in more advanced CKD, while the calcifediol effect in 
increasing 1,25-dihydroxyvitamin D was smaller in more advanced CKD. The 
differences in median effects between CKD stages were minimal for both endpoints at a 

ared to be more meaningful with larger doses. 
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Figure 22: Observed calcium change from baseline vs. Individual predicted 
calcifediol concentration in Phase 2

Observed calcium change from baseline (mg/dL) is plotted vs. individual predicted calcifediol concentration (mcg/L) 
by treatment armin the Phase 2 study (CTAP101-CL-2008). Individual predicted concentrations were derived from the 
calcifediol population PK model using the MAP Bayes estimates of individual PK parameters. Values are indicated by 
black points. A colored smooth trend line with a grey band of 95% CI is included for each treatment arm.

(Source: Sponsor’s Population PK/PD report, Figure 60)

Figure 23: Observed calcium change from baseline vs. Individual predicted 
calcifediol concentration in Phase 3

Reference ID: 3890514
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(Source: Sponsor’s Population PK/PD report, Figure 61)

Figure 24: Observed phosphate change from baseline vs. Individual predicted 
calcifediol concentration in Phase 2

(Source: Sponsor’s Population PK/PD report, Figure 64)

Figure 25: Observed Phosphate change from baseline vs. Individual predicted 
calcifediol concentration in Phase 3

(Source: Sponsor’s Population PK/PD report, Figure 65)

Reference ID: 3890514
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for Clinical Pharmacology Studies.  The Clinical Pharmacology Review for this NDA will focus on the 
following key review questions

1. What are the PK and PD features of Rayaldee?
2. What is the exposure/Dose-efficacy relationship?

! Is the starting dose adequate for the whole patient population?
! Is the titration scheme adequate?

a. Is the dose titration following 3 month treatment adequate?
3. What is the exposure/Dose-safety relationship?

! Hypercalcemia?
! Hyperphosphatemia?

4. Is there any need for dose adjustment based on intrinsic/extrinsic factors?

Filing Meeting Slides:
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