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(respectively) in human (157.8ng/mL, average in all animals vs. 27.8ng/mL at 30
or in human).

The Applicant investigated the carcinogenic potential of calcifediol in the Tg-rasH2 mice
for 6 months. Findings of this study showed no drug-related neoplastic changes, and no 
carcinogenic liability of calcifediol  is expected. 

Reproductive toxicity studies were submitted previously under NDA 018312. These 
studies showed that calcifediol had no significant effect on fertility. In the rat study, 
calcifediol was not teratogenic; however, in the rabbit study, calcifediol was teratogenic 

through significant increase in skeletal abnormalities (6 to 12 times the 
dose recommended for human use by different groups such as USDA). 

1.3 Recommendations
1.3.1 Approvability
Pharmacology/Toxicology recommends approval of Rayaldee (calcifediol)  

 capsules.
1.3.2 Additional Non Clinical Recommendations
No additional studies are necessary.
1.3.3 Labeling

13.1 Carcinogenesis, mutagenesis, impairment of fertility
The Applicant’s labeling:

In vitro or in vivo mutagenicity studies have not been performed with RAYALDEE. No 
genotoxic or mutagenic effects have been reported with calcifediol.”

13.1 Section should be changed to:

In vitro or in vivo mutagenicity studies have not been performed with RAYALDEE. No 
genotoxic or mutagenic effects have been reported with calcifediol.”
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Findings from chronic nonclinical studies suggested no adverse effects at up to 
750 mg/kg/day (or 1.5% in the diet) of carrageenan. This exposure level of 
carrageenan is higher than the estimated human intake of carrageenan or 
processed Eucheuma seaweed of 30–50 mg/person per day from their use as 
food additives. In addition, carrageenan’s potential effect as a stimulant of 
mucosa proliferation of the colon was reported at 2.6% or higher and as an 
enhancer for colon carcinogenesis in rats at concentration of 5% in the diet. 

starch
There is no specific standard for acceptable amounts of starch in the diet. The 
RDA of carbohydrates for adults and children is 130 g/day of digestible 
carbohydrate was recommended by Institute of Medicine (IOM, 2002)1.

The WHO Committee concluded (1979) “not limited” for starch 
 in food and “not specified” for starch for its acceptable 

daily intake. The statement "ADI not specified" means that, on the basis of the 
available data (toxicological, biochemical, and other), the total daily intake of the 
substance, does not represent a hazard to health. For this reason, and for the 
reasons stated in individual evaluations, the establishment of an acceptable daily 
intake (ADI) in mg/kg was not deemed necessary (WHO, 1974)2. Moreover, the 
Joint FAO/WHO Expert Committee on Food Additives did not established “ADI” 
for starch  (1982). 

2.5 Comments on Impurities/Degradants of Concern

The impurity profiles of batches of calcifediol that were used in the GLP-nonclinical 
studies were compared to the impurity profiles of Calderol (lots WWK97B148; produced 
originally at for Calderol). This comparison showed similar 
impurity profiles for the Rayaldee formulations to the Calderol formulation. The similarity 
of impurity profiles between Rayaldee and Calderol supports  reliance on the safety 
information generated previously and submitted under NDA 018312for the Rayaldee 

 formulation (see Applicant’s Table): 

1 The Institute of Medicine Institute of Medicine (IOM). Dietary carbohydrates: sugars and starches. 
Dietary Reference Intakes for Energy, Carbohydrate, Fiber, Fat, Fatty Acids, Cholesterol, Protein, and 
Amino Acids. Washington, DC: National Academies Press, 2002.

2 Seventeenth Report of the Joint FAO/WHO Expert Committee on Food Additives, Wld Hlth Org. techn. 
Rep. Ser., 1974, No. 539; FAO Nutrition Meetings Report Series, 1974, No. 53.
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IND 075162 was subsequently transferred to OPKO (Dec. 2014). The indication 
remained the same, but OPKO submitted the Rayaldee (previously known as 
CTAP101) NDA 208010 under the 505(b)(1) approval pathway. 

The following table outlines all relevant FDA communications with the Sponsors of IND 
075162 during the development of Rayaldee since January 18, 2007 (Applicant’s 
Table): 

Table 5: Regulatory Background
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3 Studies Submitted:
Pivotal studies submitted for the Calderol NDA, with the right of reference, included:

Single dose toxicology studies: 
1. Mouse intraperitoneal study
2. Rat oral and intraperitoneal studies
In vitro mutagenicity study
Reproductive and developmental toxicity studies:
1. Fertility and early embryonic development to implantation (rat)
2. Effects on embryofetal development (rat and rabbit)
3. Effects on pre-and postnatal development, including maternal function (rat)

Nonclinical studies that were conducted by the Applicant are summarized below
(Applicant’s Tables):
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3.2 Studies Not Reviewed 

None 

3.3 Previous Reviews Referenced

Pharm/Tox reviews under IND075162 in DARRTS

4 Pharmacology

Rayaldee  formulation of calcifediol) is being developed to gradually
increase serum levels of calcifediol compared to immediate release formulations. In the 
body, inactive vitaminD3 (cholecalciferol) is metabolized to 25(OH)D3 (low activity 
calcifediol) in the liver and then is further metabolized to 1,25(OH)2D3 (active calcitriol) 
in the kidney or other tissues such as the parathyroid gland. 

Calcitriol binds to the vitamin D receptor (VDR) and regulates blood calcium levels by 
controlling intestinal absorption of dietary calcium and reabsorption of calcium by the 
kidneys.  

Calcitriol is required for normal functioning of the musculoskeletal and immune systems. 
Also, calcitriol participates in secretion of hormones (insulin, prolactin, renin, PTH), 
cytokine production, modulation of myocardial contractility, and the regulation of cellular 
differentiation, growth and bone formation as well as metabolism. 
The pharmacology of calcifediol is well known; therefore, the Applicant conducted only 
one study to investigate effects of different rates of calcifediol absorption (gradual vs. 
rapid) on upregulation of fibroblast growth factor 23 (FGF23) and CYP24A1. In the 
body, levels of active vitamin D control by its own circulating levels. Increased FGF23 
prevents over-expression of active vitamin D by suppressing CYP27B1, which is 
responsible for synthesis active vitamin D and inducing CYP24A1. Therefore, this study 
was designed to investigate whether the rate of absorption have any effects on the 
pharmacologic effect of calcifediol.

Study Title: Assessment of the Effect of Bolus intravenous VS  
Calcifediol (25-Hydroxyvitamin D3) in vitamin D-deficient Sprague-Dawley Rats.
(CTAP101-PH-0025).
This non-GLP rat study was designed to evaluate the pharmacodynamics of a single 
oral dose of a formulation of calcifediol compared to a bolus 
intravenous (IV) dose of an immediate-release formulation of calcifediol in rats fed a
vitamin D deficient diet.
Results of this study suggest that administration of IV calcifediol rapidly increased levels 
of serum calcifediol, calcitriol and FGF23, and statistically significant induced levels of 
CYP24A1 mRNA in both the kidney and the parathyroid gland. The orally administered

 calcifediol slowly increased serum levels of calcifediol, calcitriol, and 
did not significantly change expression of either CYP24A1 or FGF23. In addition, there 
were similar effects on PTH reduction with both administrations. Therefore, the 
pharmacologic effect of calcifediol was established to be different based on the rate of 
absorption and/or differences in peak plasma levels (Applicant’s Figures): 
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Figure 2: Effects of IV and Oral Calcidol on Serum FGF23 Levels

Figure 3: Effects of IV and Oral Calcifediol on CYP24A1 mRNA Levels in Kidney 
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Figure 4: Effects of IV and Oral Calcifediol on CYP24A1 mRNA Levels in 
Parathyroid Gland

Figure 5: Effects of IV and Oral Calcifediol on CYP27B1 mRNA Levels in Kidney
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Figure 6: Effect of Bolus IV and Oral Calcifediol on Plasma iPTH in Vitamin D-
deficient Rats

4.2 Secondary Pharmacology

No additional studies were required based on the extensive safety of calcifediol 
demonstrated in the scientific literature. 

4.3 Safety Pharmacology

No additional studies were required based on the extensive safety of calcifediol 
demonstrated in the scientific literature.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Pharmacokinetics and metabolic profiles of Rayaldee were investigated in a variety of 
species, including pigs, dogs, and mice. In general, findings of these studies suggested: 

Rayaldee increased serum calcifediol gradually compared to the immediate 
release formulation

AUC and Cmax of calcifediol is lower with Rayaldee capsules (oral) compared to 
immediate-release formulations (SC and/or IV) 

In pigs, the tmax of the Rayaldee was delayed (~8 in pigs) compared to the 
immediate release (~4 hrs in pigs) and serum calcifediol increased following 
repeated daily dosing with the Rayaldee formulation

Reference ID: 3884363
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Figure 7: A Single Dose Pharmacokinetic Study of Calcifediol in the Mouse

Figure 8: Concentration of 1,25-Dihydroxyvitamin D in Mouse Serum 
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Absorption:

Study Tittle: CTAP101: A Single Dose Pharmacokinetic Comparison of Immediate 
Release 25-Hydroxyvitamin D3, CTAP101 and  CTAP101 Formulation 
Capsules in Yucatan Swine (Non-GLP)- CTAP101-PK-0012

In the male pig study, the increase in systemic exposure of 25-(OH) vitamin D3 was 
investigated with a single oral dose of different formations of CTAP101: A- immediate 
release (IR) 25-(OH) vitamin D3 capsules; B- CTAP101 capsules (used in clinical study 
CTAP101-CL-2004); C-  CTAP101 formulation containing 10%  capsules; 
and  CTAP101 formulation containing 10%  paraffin capsules.

Findings of this study suggested: All different formulations increased the level of serum 
25-(OH) vitaminD3; both CTAP101 formulations of B and C slowly increased the level of 
25-(OH) vitamin D3 compared to the formulation A and D (relative bioavailability of 62 
and 67% compare to the formulation A); however, formulation B and C showed a delay 
in increasing Cmax compared to the A formulation. It appeases that the  
CTAP101 formulation slowly increased the level of 25-(OH) vitamin D3. (Applicant’s 
Figure and Table):

Figure 9: Mean Uncorrected Serum 25 (OH) Vitamin D3 Concentration Versus Time 
Profile for Formulations A to D
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Table 9: Mean Pharmacokinetic Parameters for Animals Receiving Formulations 
A to D

Study Title: CTAP101 & Calcifediol: A 14-Day Oral Pharmacokinetics Study in 
Beagle Dogs - CTAP101-Pk-0014

In the 2-week dog study, the PK profiles of Rayaldee Capsule and calcifediol 
formulation were investigated following oral administration (daily and/or 3 times/week). 

Findings of this study suggested: Treatment of Rayaldee Capsules was well-tolerated; 
the systemic exposure was greater with calcifediol (60%) compared to the same dose of 
Rayaldee; and daily treatment showed the higher systemic exposure compared to three 
times/week (Applicant’s Table): 

Table 10: Baseline-Corrected Serum Calcifediol PK Parameters in Dogs Following 
Repeated-Dose Oral Administration of Rayaldee and Calcifediol Formulated in 

Distribution: 

No nonclinical studies related to the distribution of Rayaldee were submitted. Under 
NDA 18,312, the calcifediol distribution was reported in different tissues including 
muscle, kidney, testis, brain, lung, cardiac muscle, liver, cartilage and intestinal extracts. 

The t½ for calcifediol was approximately 11 days with Rayaldee (in healthy volunteers). 

Metabolism:

The metabolism of calcifediol has been extensively studied and primarily involves two 
enzymes, CYP27B1a -hydroxylase to 
calcitriol (1,25-dihydroxyvitamin D3).  Both calcifediol and calcitriol are metabolized by 
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CYP24 to 24, 25-dihydroxyviatmin D3 and 1, 24, 25-trihydroxyvitamin D3, respectively. 
Further oxidation by CYP24 results in calcitroic acid.

Levels of 1,25-dihydroxyvitamin D3 are controlled by two enzymes of CYP27B1 and 
CYP24. Exposure levels of calcifediol or calcitriol higher than the normal physiological 
or therapeutic exposures result in the down-regulation of the production of 1,25-
dihydroxyvitamin D3.

The Applicant conducted one study in rasH2 hemizygous transgenic mice to evaluate 
the metabolic profile of calcifediol.

Study Title: CTAP101: A Single Subcutaneous Injection Radiolabeled 3H-25-
Hydroxyvitamin D3 PK and Metabolite Profiling Study in RasH2 Hemizygous Mice 
- (CTAP101-PK-0017).

In the mouse study, the metabolite profiles of calcifediol were investigated with a single 
administration (SC) of 3H-

Results of this study showed:  The highest serum levels of radioactivity at 2 hours 
postdosing; six metabolites (up to 14.9% of the radioactivity) were detected; the highest 
and lowest metabolite were 3H-25-(OH) vitaminD3 and 3H-1-25-(OH) vitamin D3,
respectively; and the levels of serum 3H-25-(OH) vitamin D3 were similar in both sexes
(Applicant’s Tables):   

Table 11: Pharmacokinetics of the Total Radioactivity 
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6 General Toxicology

6.2 Repeat-Dose Toxicity

Under Calderol NDA 018312, two six month studies were conducted in rats and dogs. In 
the rat diet study, animals were treated at 12, 40, and 120 . Results of this 
study showed the expected pharmacological effects of calcifediol, including increased 

/day. In the dog study, animals were 
treated with oral capsules at 3, 6, and 12 g/kg/day. Findings of this study suggested no
adverse treatment-related effects.

To address the differences between the immediate release formulation and the  
 formulation, the Applicant conducted two 3-month dog studies with CTAP101

(code name for Rayaldee during development). These nonclinical studies supported the 
previous proposed phase 3 protocol with doses at .

The first dog study was designed to determine the tolerability of CTAP101 up at 1000 
Results of this study showed dose-limiting toxicity in all treated animals 

including elevations in urine and serum calcium, soft tissue mineralization of target 
tissues (kidney and heart) and at higher doses mortality and morbidity. 

The second dog toxicity study was designed to compare the toxicity and the 
toxicokinetics of tolerated doses of CTAP101 ( calcifediol in  

 prepared ons were 
established at the HD for the for males based 
on minimal infiltration mononuclear cells in the kidney.

Results of these two nonclinical studies suggested a strong correlation between serum 
calcifediol levels and incidence and severity of treatment-related toxicity. Based on the 
second dog toxicity study, serum calcifediol levels as high as 178ng/mL (females: 30 

were not associated with treatment-related toxicity. Serum 

times higher than the serum calcifediol levels in the 13-week clinical study with 30 
ge in all animals vs. 27.8ng/mL in human). 

These studies were reviewed previously under IND 075162 (see PT reviews in 
DARRTS, 01/15/2010; 02/01/2012). 

The Applicant conducted a 28-day dose range finding study of calcifediol in mice (wild 
type) to determine the maximum tolerated for the transgenic carcinogenicity study. 
Significant findings of these studies are summarized:

Study Title:  CTAP101: A 13-Week Oral Toxicity Study in Beagle Dogs Followed 
by a 4-Week Recovery Period- CTAP101-Tx-0100. 

Dogs were administered CTAP101 Capsules at doses of 25, 125, 500 or 1000
for 13 weeks.

Key Findings: 
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Dose-limiting toxicity in all treated animals including: elevations in urine and serum Ca, 
soft tissue mineralization of target tissues such as kidney and heart and at higher doses 
mortality and morbidity; toxicity effects were correlated to increase in serum calcifediol. 

NOAEL for this study was not established based on increased urine calcium levels at 
.

Study Title:  A 13-Week Oral Toxicity Study Using  Capsules 
(CTAP101) with Calcifediol (Gavage) Comparator Arms followed by a 4 Week 
Recovery Period in the Beagle Dog - CTAP101-TX-0102.

Dogs were treated with /day and calcifediol at 28, 42 
/day up to 13 weeks.

Key Study Findings

Microscopic changes were reported as following:

In the kidney, minimal infiltration mononuclear cells at HD treated males in 1/3 in
each group of CTAP101 and Calcifediol in  treated animals

In the liver, mild hepatocellular vacuolation at HD in 1/3 CTAP101 treated male and 
minimal focal necrosis of hepatocellular at HD in 1/3 Calcifediol in treated 
female

In the lung with bronchi, minimal fibroses (pleural) at HD in 1/3 CTAP101 treated 
female (1/3)

In the thymus, minimal hemorrhage at HD treated CTAP101 females 2/4 compared 
to 1/4 at LD and/or MD

In the spinal cord (cervical), minimal infiltration of mononuclear cells (focal) at HD in 
1/3 CTAP101 treated female

The NOAEL for both formulations were established: for females, at HD
based on none of histopathological findings were noted at higher drug exposure in the 
previous dog study and not associated to any other changes such as clinical pathology; 
and for /day /day for CTAP101 or Calcifediol in  
respectively based on the minimal infiltration mononuclear cells in the kidney at HD. 

The systemic exposure of CTAP101 was lower (~20%) than Calcifediol in  during 
the study; however, at the end of the study the exposure of two formulations was overall 
comparable.

Study Title: A 28-day Dose Range Finding Study of Calcifediol by Subcutaneous 
Injection in 001178-W (Wild Type) Mouse- CTAP101-Tx-0104

This dose-range finding study was designed to determine the maximum tolerated dose 
for selecting doses for the transgenic carcinogenicity study. In this study, mice were 
treated with calcifediol at 0, (vehicle ), 25, 50, or 
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g/kg/day once daily for 28 days (SC; dose volume of 1.5 ml/kg). Findings of this 
study were summarized as following:

Key Study Findings: 

At HD ( ), there were two deaths (1 female sacrificed in moribund 
condition on Day 28 and 1 TK female found dead on Day 27). The cause of deaths was 
not determined and there were no abnormalities found. These deaths were likely drug-
related because of clinical signs noted with these two animals were also seen in the HD
group.

At HD, there were adverse clinical signs (i.e. dehydration and/or thin condition in males, 
and hunched posture, thin condition with or without the presence of a prominent 
backbone, dehydration, cold to the touch, and/or eyeball sunken in females). 

MD ( ), lower mean absolute body weights and body weight gains were 
noted (mean absolute body weights: at HD,
MD, 

At HD, there were marked changes in clinical pathology parameters. These changes 

ncreased alkaline 

At MD, there were increased serum calcium in both males and females, in a dose 
dependent manner (9.5, 9.7, 12.3, and 14.7 mg/dL in males and 9.3. 9.6, 11.2, and 13.7 

pectively). This was due to 
the pharmacological activity of calcifediol. 

At HD, histological changes were observed in kidneys, urinary bladder, and thymus. 
These changes included inflammation in the urinary bladder (with increased neutrophil 
count), thymic lymphoid atrophy (with decreased lymphocyte count), and nephropathy 
and mineralization in the kidney (with increased calcium and phosphorus). 

Based on mortalities, adverse clinical signs, marked changes in clinical pathology 
parameters, and histopathology at HD (100 ), the NOAEL was determined at 
MD ( ).

TK data was generally dose proportional within the variability observed. Calcifediol 
exposure was higher in males compared to females in all dose groups by up to 1.9 fold. 
Mean Calcifediol values were 430 and 272 ng/ml and mean AUC 0-28d values were 
12000 and 7630 ng*day/ml for males and females respectively.

1, 25-dihydroxy vitamin D3, levels decreased in males at 24 post-dose on Day 7 and 
remained relatively constant at 24 hr postdose through Day 28. However, 1,25-
dihydroxy vitamin D3 levels showed a trend of decrease in females.
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7 Genetic Toxicology

Under NDA 018312 Calderol, calcifediol’s potential genotoxicity was evaluated in the in 
vitro mutagenicity study (Bacterial reverse mutation assays); findings of this study 
showed no evidence of mutagenic potential.

8 Carcinogenicity

Transgenic 6-month Carcinogenicity Study (CAC concurrence)
Study title:  A 26-Week Carcinogenicity Study of Calcifediol by Subcutaneous; 
Injection in the Hemizygous rasH2 Transgenic (001178-T) Mouse

Study no.: 8000066 (Sponsor: CTAP101-Tx-0105 A)
Study report location: eCTD (Section 4.2.3.2.)

Conducting laboratory and 
location:

Date of study initiation: 11/27/2013
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: Calcifediol (25-hydroxyvitamin D3), 016683 (100.0% 

purity); 017386 (100.4% purity)
CAC concurrence: Yes

Key Study Findings
NOAEL for both neoplastic and non-neoplastic were established at HD (33 μg/kg/day).
and MRHD was for males 6 fold based on Cmax and ~50fold based on AUC and for 
females 4 fold based on Cmax and ~30fold based on AUC.

Adequacy of Carcinogenicity Study
The Executive CAC concurred that the study was adequate and acceptable, noting prior 
FDA concurrence with the protocol.

Appropriateness of Test Models
Doses of calcifediol were based on MTD with ExecCAC concurrence. Two negative 
control groups (saline and vehicle) and one positive control (NMU) group were selected 
for the study. The saline control was chosen due to the presence of  

 in the vehicle. Positive control-treated animals showed all expected responses 
(low survival rate, high incidence of lymphoma and other tumors). 
Evaluation of Tumor Findings
There were no increases in tumors that represented drug-related effects (Executive 
CAC concurred). 

Summary of Non-neoplastic Findings
Unremarkable with respect to drug.
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Observations and Results
Statistics- Statistical analysis were conducted by the FDA and the Sponsor. For 
mortality and tumor incidence, statistical trend test for dose response and pair-wise test 
for differences between controls and treatment groups were performed. According to 
the Sponsor “Whenever there are only two groups to compare, the Levene’s test will be 
performed as described above but a two-sample t-test will replace the one-way ANOVA, 
a Wilcoxon rank-sum test will be performed instead of the Kruskal-Wallis and, no 
Dunnett or Dunn’s tests will be performed. Each pairwise group comparison will be 
conducted via a two-sided test at the 5% significance level. Significant results will be

probability.”

Mortality
Survival rates were similar between Calcifediol-treated and controls animals.
The survival rates for the positive control groups were lower (p<0.0001).   
The cause of death was due to squamous cell carcinoma (2/50 Saline; 4/50 positive 
control), hemangiosarcoma (1/50 saline, 3/50 vehicle control, 1/50 LD), and lymphoma 
(1/50 control; 31/50 positive control). In addition, the cause of death was unidentified for 
5 mice (3 in positive controls; 2 in LD) (Applicant’s Table):

Table 16: Mortality Data and Noteworthy Cause of Death

1=Saline; 2=vehicle Control; 3=Positive Control; 4=LD Calcifediol; 5=MD Calcifediol; 6=HD Calcifediol
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Table 17: Clinically Observed Masses

Body Weights
No remarkable treatment effects on body weights. 
The positive control treated animals were noted with treatment effects on lower mean 
body weight gains. (Applicant’s Figures):  

Figure 12: Summary of Body Weights-Males
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Gross Pathology

In the lung, the incidence of nodules was higher in Calcifediol treated males compared 
to control animals (Saline: 0/25; Vehicle: 2/25; LD: 1/25; MD: 3/25, HD: 4/25). This 
finding was correlated with the linear dose-response combined lung bronchioloalveolar 
adenoma/carcinoma increase incidence in male lungs. 

In the spleen, incidence of focus (dark) was higher in calcifediol treated animals. This 
finding was not correlated with any histopathological findings in the spleen; focus dark 
findings in the spleen did not correlate with histopathological-related findings in the 
spleen (Applicant’s Table):

Table 19: Summary of Noteworthy Macroscopic Findings

Histopathology
Peer Review: No 
Neoplastic: Results suggested that the combined lung bronchioloalveolar
adenoma/carcinoma incidences increased in male lungs with the linear dose-response 
(Applicant’s analysis, p-value = 0.0269, and the independent FDA statistics review, p-
value=0.0281, see Dr. Hepei Chen review, 09/02/15, for a list of combined tumors).
This finding also was correlated with the dose-response increases of nodule/mass in 
male lungs (Saline: 0/25; Vehicle: 2/25; LD: 1/25; MD: 3/25, HD: 4/25). However, this 
finding (lung bronchioloalveolar adenoma/ carcinoma) was comparable to the submitted 
data for the historical control data of the test facility and other published literatures 
(Applicant’s Tables):
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Table 20: Pulmonary Tumors in TgRasH2 mice

Table 21: Incidence (%) of Spontaneous Pulmonary Tumors in TgRasH2 mice 

1 Paranjpe MG, E bekaei RH, Shah SA, Hickman M, Wenk ML, Zahalka EA. Historical control data of spontaneous tumors in 
transgenic CByB6F1-Tg(HRAS)2Jic (Tg.rasH2) mice. Int J Toxicol. 2013 Jan-Feb; 32(1):48-57.
2 Nambiar PR, Turnquist SE, Morton D Spontaneous tumor incidence in rasH2 mice: review of internal data and published literature. 
Toxicol Pathol. 2012 Jun; 40(4):614-23.

Table 22: Lung Tumor Rates and P-Values for Trend and Pairwise Comparisons in 
Male Mice

Lung Tumors Saline NMU Vehicle LD (3 mg) MD (10 mg) HD (33 mg)
n 25 25 25 25 25 25

Bronchioloalveolar
Adenoma (A)

Incidence
Incidence (%)

Pairwisea

Trend (vs. vehicle)

0
0%

0.5102

4
16%

0.0336#

1
4%

0.1500

1
4%
NC

3
12%

0.3202

3
12%

0.3202

Bronchioloalveolar
Carcinoma (C)

Incidence
Incidence (%)

Pairwisea

Trend (vs. vehicle)

0
0%

0.5102

1
4%

0.5080

1
4%

0.4471

0
0%

0.5000

0
0%

0.5102

1
4%

0.2551

Combined
Bronchioloalveolar

A/C

Incidence
Incidence (%)

Pairwisea

Trend (vs. vehicle)
Trend (vs. saline)

0
0%

0.7653

0.0281# b

5
20%

0.0387#

2
8%

0.1202

1
4%

0.5000

3
12%

0.5200

4
16%

0.3535

a trend for dose groups versus vehicle per FDA statistical reviewer
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b trend for dose groups versus saline per FDA statistical reviewer
# p<0.05

Note: Combined bronchioloalveolar adenoma/carcinoma in male Tg mice is a common 
tumor and was not considered significant p=0.0281 > 0.005 (P<0.005 is considered for 
trend for common tumor). 
From Dr. Chen statistical review: “The reviewer’s tumor analysis showed no statistically 
significant dose response relationship across the vehicle control group and the three 
treated groups; while a statistically significant dose response relationship was noted 
across the saline group and the three treated group (p=0.0281) for bronchioloalveolar 
adenoma combined with carcinoma in lung of male mice. No statistically significant 
pairwise comparisons were noted when comparing the saline group and the three 
treated groups to the vehicle control group for both male and female mice.”

Other neoplastic findings were summarized in the Table below (Applicant’s Table):

Table 23: Summary of other Neoplastic Findings

Non Neoplastic
Unremarkable. Non neoplastic findings were reported for the hyperplasia of the adrenal 
cortex, skeletal muscle degeneration and liver hepatocellular vacuolation with no dose-
response (Applicant’s Table):  
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Table 24: Noteworthy Non-Neoplastic Findings 

Note: Non-neoplastic findings were reported for the positive control treated animals 
(gastric mucosal hyperplasia, testicular degeneration).
Toxicokinetics
TK data showed that the Calcifediol exposures increased with increasing doses (less 
than dose proportional) and were higher in males (up to 1.6-fold) than females 
(Applicant’s Tables): 

Table 25: Summary TK Parameters of Calcifediol (Baseline Correction)

The Applicant’s Table and Figure below represent the safety margins based on Clast
from the mouse studies (up to 26 weeks) and the dog study (up to 13 weeks) compared 
to human exposures (up to 26 weeks): 
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Table 27: Historical Data 

Reference ID: 3884363
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Dosing Solution Analysis
According to the Sponsor, results of the HPLC samples analyses for stability and 
homogeneity suggested all Calcifediol injected samples were soluble in the vehicle and 
were within or equal to ± 10% of theoretical concentration. 

9 Reproductive and Developmental Toxicology
Safety profiles of calcifediol related to reproduction and development were referenced 
from the Calderol NDA (018312). Findings from these studies suggested that calcifediol 
had no significant effect on fertility and was not teratogenic in rats, but was teratogenic 

9.1 Fertility and Early Embryonic Development
The applicant referred to studies conducted for the Calderol NDA 018312 to support the 
safety of Rayaldee. A rat study was performed to assess the effects of calcifediol on 
fertility and general reproductive performance. Rats (10M/group and 20F/group) were 
treated at (intubation). Male rats received calcifediol for 
60 days prior to mating and female rats for 14 days prior to mating and continued during 
gestation and parturition. Results of this study showed no significant effects on fertility, 
gestation and parturition at up to 40 .

9.2 Embryonic Fetal Development

Embryo fetal development toxicity studies were conducted in rats and rabbits under 
Calderol NDA 018312.

1- (1st study) and 60 (2nd

study). Calcifediol was administered in  from day 6 through 15 of 
gestation. Calcifediol was not teratogenic at all dose levels. Reduction of weight 
gain of dams and increases in sternabral asymmetry and incomplete ossification 
were observed in the treated groups.

2- Rabbits were given
received calcifediol from day 6 to 18 of gestation. Results of this study showed 
skeletal anomalies and anatomical malformations (domed skull, enlarged atrium 
of the heart, and dilation of pulmonary artery) at the MD and the HD groups
(dose-related manner). Fetuses from the low dose group did not show such 
effects.

9.3 Prenatal and Postnatal Development
Under Calderol NDA 018312, a rat study was conducted to assess the effects of 
calcifediol on gestation, parturition, lactation or survival of offspring. Rats were 
administered calcifediol by intu
15 of gestation till weaning of pups at 21 days of age. There was no evidence of drug 
effects on gestation, parturition, lactation or survival of offspring at all doses tested.
Findings from reproductive toxicity studies with calcifediol were summarized in the 
Table below from NDA 018312:  
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Figure 15: Vitamin D Synthesis and Activation

In the body, active vitamin D, calcitriol, binds to the vitamin D receptor (VDR) and 
regulates blood calcium levels by their effects on the metabolism of calcium and
phosphorus as well as through increasing their absorption in the intestine, decreasing 
their excretion in kidneys, and increasing calcium and phosphate resorption from bone.
In addition, in the parathyroid gland, vitamin D inhibiting synthesis and secretion of the 
counter-regulatory hormone (PTH), and inhibiting parathyroid cell growth. 

The levels of calcitriol are regulated by two hormones (up-regulation via PTH and down-
regulation via fibroblast growth factor 23, FGF23). Active vitamin D maintains adequate 
serum calcium and phosphate concentrations for normal mineralization of bone, bone 
growth, and bone remodeling (by osteoblasts and osteoclasts). In addition, vitamin D is 
involved in regulation of cellular differentiation, neuromuscular and immune function, 
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secretion of hormones (insulin, prolactin, renin, PTH), cytokine production, modulation 
of myocardial contractility and reduction of inflammation.

Toxicities associated with repeated administration of either calcifediol or calcitriol in 
humans are characterized by hypercalcemia, hypercalciuria, nausea, anorexia, lethargy, 
mental disturbances, ectopic tissue calcification including vascular calcification and 
nephrocalcinosis, which ultimately leads to renal failure and death4. It is also known that 
calcifediol is excreted through the hepatobilliary route.

Rayaldee Toxicity:

To support development of Rayaldee for chronic use, a complete battery of nonclinical 
studies was conducted by the Applicant or right of reference to studies conducted to 
support the development of Calderol® (NDA 018312) was obtained. To provide 
scientific justification for reliance on nonclinical studies generated previously and 
submitted under NDA 018312, the Applicant provided data related to the similarity of 
impurity profiles between two formulations (Rayaldee  versus Calderol 
for immediate release).

The pharmacology, safety pharmacology as well as PK/ADME of calcifediol were well 
known; therefore, limited studies were conducted by the Applicant. Results of the study 
with the differential delivery of calcifediol (gradual vs. rapid) on upregulation of FGF23 
and CYP24A1 (enzymes involved in regulating vitamin D levels) suggested that the rate 
of calcifediol administration could affect the pharmacology effect of the calcifediol. This 
study also showed that the rapid administration (IV) of calcifediol rapidly induced the 
serum levels of calcifediol, calcitriol, FGF23, and increased statistically significant the 
levels of CYP24A1 mRNA in both kidney and parathyroid gland. However, the gradual 
(oral  calcifediol) administration of calcifediol slowly increased levels of 
serum calcifediol and did not significantly change expression of either CYP24A1 or 
FGF23. However, both rates of administration showed similar effect on PTH reduction. 

PK and metabolism profiles of Rayaldee were investigated in pigs, dogs, rasH2 
hemizygous mice, and wild type mice. In general, the order of exposure for different 
formulations and route of administration were as IV> Immediate release (IR) >  

 In the pig study, the tmax of the Rayaldee was delayed (8 hrs) compared 
to the IR release (4 hrs) or IV (0.25hrs). In the clinical study with healthy volunteers, the 
t½ for calcifediol was approximately 11 days with Rayaldee. In the repeat-dose toxicity 
study in dogs, the serum calcifediol increased following daily dosing of the Rayaldee 
formulation (t max ~12 hrs in dogs). 

Under NDA 018312 (Calderol), the distribution of calcifediol was reported in different 
tissues, including muscle, kidney, testis, brain, lung, cardiac muscle, liver, cartilage and 
intestinal extracts. The metabolic profile of calcifediol in the rasH2 hemizygous 
transgenic mice showed six different metabolites; the highest and lowest metabolite 
were 3H-25-(OH) vitaminD3 and 3H-1-25-(OH) vitamin D3, respectively. The serum 
levels of 3H-25-(OH) vitamin D3 were similar in both sexes.

4 PA Price et al, J Nutr 131:2901-2915, 2001.

Reference ID: 3884363

(b)(4)

(b)(4)

(b)(4)



NDA 208010 Parvaneh Espandiari, Ph.D.

59

Toxicity Studies: The repeat-dose toxicity (13-week) studies were conducted with 
calcifediol in mice and dogs. In general, these studies showed the intended 
pharmacological effect of Rayaldee by increased serum calcium amounts in urine and, 
soft tissue mineralization of target tissues (kidney and heart). Higher doses were also 
noted to cause increased mortality and morbidity.  

Dog Studies: Calcifediol was  investigated in two dog studies (both were13-weeks in 
duration
compare the toxicity and the toxicokinetics n
immediate release formulation (c

The first study showed the dose-limiting toxicity in all treated animals (a NOAEL was not 
established). 

The second dog study evaluated tolerated doses of calcifediol. Toxicological findings 
included changes in the kidney (minimal infiltration mononuclear cells), the liver (mild 
hepatocellular vacuolation and minimal focal necrosis of hepatocellular), the lung 
(bronchi, minimal fibroses, pleural), and in the thymus (minimal hemorrhage). The 
NOAEL for both formulations were established at the and at 

Findings from this study suggested that there is a strong 
correlation between the serum calcifediol levels and the treatment-related toxicities.
Serum calcifediol levels as high as 178 ng/mL were not associated with treatment-
related 
in male and female dogs, respectively, were 1.7 fold higher than the serum calcifediol 
levels in the 13-week clinical study (pool data from protocol number CTAP101-CL-
3001/2) with 60 (MHRD) of CTAP101 (157.8 ng/mL, average in all animals vs. 
85 ng/mL in human).

Under NDA 018312 a six-month dog repeat-dose toxicity study was conducted with an
immediate release calcifediol formulation (oral capsule, at up to 0.012 mg/kg/day). 
Results of this study showed no adverse treatment-related effects.

Mouse studies: A 28 day dose range-finding toxicity study was conducted in wild type 
Tg 6 month carcinogenicity 
study. The NOAEL was established at the MD ( ) for both females and 
males based on mortalities, adverse clinical signs, marked changes in clinical pathology 

toxicokinetic data was 
generally dose proportional and higher in males compared to females (up to 1.9 fold).

Rat Study: Under NDA 018312, a six-month repeat-dose toxicity study was conducted 
with an immediate release formulation provided in the diet at 0.012, 0.040, 0.120 
mg/kg/day.  The treatment-related toxicity was noted at the HD for increased 
nephrocalcinosis in females and uroliths in males (pharmacological effect of calcifediol). 

Genotoxicity: Under NDA 018312, Calderol showed no evidence of mutagenic 
potential in a bacterial reverse mutation assay. The lack of carcinogenic potential was 
confirmed in a transgenic mouse (Tg rasH2) model. 
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Carcinogenicity:
was investigated in the Tg-rasH2 mouse model for 6 months duration. Findings of this 
study suggested no drug-related neoplastic changes.  At the HD in males, the exposure 
of calcifediol was ~50-fold to the MHRD (71,500ng.h/mL vs. 1,447 ng.h/mL from 26-
week clinical study at 60μg/mL, based on AUC) and the Cmax was ~6 fold greater at 
the HD in mice than the MRHD (393 ng/mL vs. 65 from the 26-week clinical study at 
60μg/mL).

Reproductive Toxicology Studies: Findings from reproductive toxicity studies 
performed under Calderol NDA 018312, suggested that calcifediol had no significant 
effect on fertility. In a rat embryo-fetal developmental toxicity study, calcifediol was not 
teratogenic; however, in a rabbit embryo-fetal development study, calcifediol was 
teratogenic at by significant increase in skeletal abnormalities (6 to 12 
times the dose recommended for human use, 400 IU and/or 600 IU, with different 
groups including USDA). In general, there have been no published reports of any 
teratogenic effects of vitamin D on humans based on recommended daily intake dose of 
vitamin D. Moreover, pregnant women that take 4,000 (IU) of vitamin D/day (at least 10 
times higher than recommended dose) showed no evidence of harm and also reported 
with lower rate of pregnancy-related complications. 5                         

In summary, the available data from nonclinical studies that were submitted or 
referenced for evaluation of the potential risks of the Rayaldee  
calcifediol formulation showed no safety concerns related to proposed chronic use of 
Rayaldee in the proposed clinical population.  

5 C L Wagner et al., American Journal of Obstetrics & Gynecology 2013; 208: 137-e13
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