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INTRODUCTION
On May 29, 2015 OPKO Ireland Global Holdings Ltd. submitted an NDA for Rayaldee 
(calcifediol), a vitamin D3 analog, for the f secondary 
hyperparathyroidism in with Stage 3 or 4 chronic kidney disease and  

 A review of the initial submission by this medical reviewer determined 
that the application contained sufficient evidence to support the safety and efficacy of 
Rayaldee in the treatment of adult predialysis patients with low serum 25-hydroxy 
vitamin D levels and secondary hyperparathyroidism. The clinical program did not study 

The clinical program did 
not study patients with stage 5 chronic kidney disease on dialysis so this was included as 
a limitation of use in the package insert. And finally the clinical program did not study 

 Therefore the 
following indication was found approvable:  

Rayaldee is a vitamin D3 analog indicated for the treatment of secondary 
hyperparathyroidism in adults with stage 3 or 4 chronic kidney disease and 
serum total 25-hydroxy vitamin D levels less than 30 ng/mL. 

However, the application was not eventually approved due to deficiencies found during 
an inspection of the  

 Therefore a complete response (CR) letter was issued March 
28, 2016, requesting satisfactory resolution of the deficiencies at this facility along with 
standard updates to Prescribing Information, a Safety Update and a resubmission of the 
proposed Proprietary Name, before the application could be approved. 

The main purpose of this review is to summarize the new information from the Safety 
Update to determine if there is any change to the risk-benefit assessment for the 
currently proposed indication.    

SAFETY UPDATE
Rayaldee is currently not marketed in any country and there is no foreign labeling to be 
submitted. There are no new studies or additional safety information for subjects with 
chronic kidney disease and secondary hyperparathyroidism in this submission as the 
complete data for this indication was submitted with the 120-day Safety Update during 
the original submission. The new safety information in this submission relates to data on 
six additional oncology patients treated with Rayaldee in study CTAP101-CL-1017 adding 
to the original 4 subjects for a total of 10 patients in this study. 
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Study CTAP-CL-1017 is being carried out under IND  It is a multiple-dose, open 
label, dose escalation study of Rayaldee in subjects with bone metastatic breast or 
prostate cancer for the indication of adjunctive therapy for the prevention of skeletal-
related events in patients undergoing anti-resorptive therapy. Subjects
18 years of age or older are required to be taking anti-resorptive therapy for at least 3 
months and have a life expectancy of >12 months. The once daily dose of Rayaldee is 
escalated from 30mcg to 300mcg at 4-week intervals and the total treatment duration 
can be up to 52 weeks. The study is evaluating the mean absolute change from baseline 
of serum calcium corrected for albumin <4.0 g/dL, mean absolute change from baseline 
of serum calcifediol, and mean percent change from baseline for plasma intact 
parathyroid hormone (iPTH). The study proposes to enroll 24 total eligible patients, 12 
with breast cancer and 12 with prostate cancer. The daily dose may be increased in 
30mcg (1 capsule) increments at 4-week intervals to a maximum of 300mcg or until any 
one of the following criteria are met for two consecutive visits:

• serum calcium reaches >10.3 mg/dL
• urine calcium:creatinine ratio value is >0.25
• plasma iPTH value is <15 pg/mL
• serum phosphorus >5.0 mg/dL deemed to be study drug related

If one of the above criteria are met the subject will suspend dosing until serum calcium 
is ≤10.0 mg/dL, urine calcium:creatinine ratio is <0.20, plasma iPTH is ≥30 pg/mL, and 
serum phosphorus is ≤4.5 mg/dL, as applicable, and will directly enter a 12-week 
maintenance phase, resuming treatment at a reduced daily dose, followed by a 2-week 
follow-up period. Subjects reaching the maximum dose of Rayaldee without serum 
calcium reaching >10.3 mg/dL, urine calcium:creatinine reaching >0.25, plasma iPTH <15 
pg/mL, and serum phosphorus >5.0 mg/dL deemed to be study drug related, will directly 
enter the 12-week maintenance phase, followed by a 2-week follow-up period. During 
the treatment period, blood samples are collected at 4-week intervals to monitor 
plasma iPTH and parathyroid hormone related peptide (PTHrP), and serum total
25-hydroxy vitamin D, 24,25-dihydroxy vitamin D3, calcitriol and free and total 
calcifediol.

Additional blood samples are collected every two weeks for serum calcium and 
phosphorus. Urine samples are collected at 4-week intervals during the dose escalation 
phase and maintenance phase for monitoring the calcium:creatinine ratio and urine 
chemistry. Adverse events (AEs) are monitored every two weeks during treatment. 
Physical examinations and 12-lead electrocardiogram (ECG) are completed at screening, 
maintenance visit 1, and the last study visit in the treatment period. A standardized pain 

Reference ID: 3943329

(b)(4)





Clinical Review
{William Lubas M.D., Ph.D.} 
{NDA 208010}
{Rayaldee (calcifediol) extended-release capsules}

CDER Clinical Review Template 2015 Edition 5
Version date: June 25, 2015 for initial rollout (NME/original BLA reviews)

ADDENDUM

PROPRIETARY NAME
The proprietary name Rayaldee was reviewed by Sarah Vee, Pharm D on 5/31/2016 and 
the re-assessment did not identify any names that represent a potential source of drug 
name confusion. Therefore, a letter informing the applicant that the proprietary name 
request was conditional acceptable was issued on 6/2/2016.

PRESCRIBING INFORMATION
There were minor changes to the labeling format of the package insert which had 
previously been found acceptable to permit compliance with SPL requirements. These 
changes are acceptable. 

Sarah Vee, Pharm D in DMEPA also reviewed the revised proposed container labels and 
prescribing information to identify deficiencies that may lead to medication errors and 
other areas of improvement. Her review issued on 6/6/2016 found the revised container 
label and prescribing information acceptable and did not include any new 
recommendations.
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phosphorus and PTH acts to raise calcium levels and lower circulating phosphorus levels.  
With moderate loss of kidney function FGF-23 and PTH levels rise and levels of active 
vitamin D falls.  These effectors will act on the kidneys, bones and gastrointestinal tract to 
maintain circulating phosphorus and calcium levels within the normal physiologic range.  As 
kidney function continues to decline (i.e., eGFR < 20 mL/min/1.73 m2) the body’s ability to 
handle these minerals is compromised and hyperphosphatemia and hypocalcemia ensue.  

Therapies for CKD-MBD aim to correct factors that contribute to abnormal mineral 
metabolism with the overarching goal of preventing cardiovascular and skeletal complications.  
To date there have been no prospective clinical trials demonstrating that interventions used to 
address abnormal mineral metabolism in the setting of CKD improves clinical outcomes.  The 
EVOLVE trial3 failed to demonstrate a benefit of lowering serum PTH with the calcium 
sensing receptor agonist, cinacalcet, on cardiovascular outcomes and death in patients with 
end-stage kidney disease on dialysis.  Fractures were collected as a secondary outcome in this 
trial and no difference in fracture rate was observed with this class of PTH lowering drug.  

Secondary hyperparathyroidism (SHPT) refers to parathyroid gland hyper-function caused by 
a secondary disease that affects phosphorus, calcium or vitamin D metabolism (kidney disease, 
GI disease, vitamin D disorders etc.)  The most common form of secondary 
hyperparathyroidism is associated with chronic kidney disease.  The disease is characterized 
by high circulating intact PTH levels (iPTH), normal or high phosphorus levels, normal or low 
calcium levels and low active vitamin D levels in the setting of chronic kidney disease.  
Chronic elevation in PTH will act on bones to increase bone turn over and resorption, an effect 
that in the long run will impact bone quantity and quality, and in the absence of normal 
functioning kidneys will raise circulating calcium and phosphorus levels.  Elevation of intact 
serum PTH signals the presence of secondary hyperparathyroidism and is the first laboratory 
abnormality measurable by commercial assays that suggests CKD-Mineral and Bone 
Disorders in the setting of CKD currently (no commercial assay for FGF-23 is available).

The 2009 Kidney Disease Improving Global Outcomes (KDIGO) guidelines (the most recent 
guidelines) acknowledge that the optimal intact PTH levels in patients with stage 3 and 4 CKD 
is not known. The guidelines, however, go on to recommend that PTH levels be maintained 
below the upper limit of the normal range (i.e., ~65 pg/mL in US conventional units using 
currently available assays).  PTH levels can rise as a result of decreased 1,25 vitamin D levels, 
hyperphosphatemia and hypocalcemia.   The guidelines recommend treating vitamin D 
“deficiency” (emphasis added see below) with vitamin D analogs as the first step in managing 
SHPT in CKD and addressing hyperphosphatemia and hypocalcemia with phosphate bindings 
and calcium supplementation respectively if these abnormalities arise. Conversion of vitamin 
D to its active form (i.e., 1,25 dihydroxyvitamin D) requires functioning kidneys and patients 
with more severe CKD whose levels of PTH are elevated in spite of adequate vitamin D stores 
usually can no longer convert vitamin D to its active form and are candidates for active 
vitamin D analogs.

3 N Engl J Med 2012; 367:2482-2494
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 The adequacy of the extended-release 
performance were evaluated by Dr. Peng Duan and found to be adequate. Dr. Nashed has 
reviewed the CMC information for the proposed drug product and concludes that the data 
submitted to support filing are adequate to assure the quality, purity, strength and stability of 
the drug product. A shelf-life of 24 months was granted.

Nonclinical Pharmacology/Toxicology

The applicant obtained a right of reference to NDA 018312 for Calderol.  I concur with the 
conclusions reached by Dr. Espandiari, the nonclinical pharmacology/toxicology reviewer, that 
there are no outstanding nonclinical pharmacology/toxicology issues that preclude approval.  
See Dr. Zemskova’s CDTL memorandum for a summary of key non-clinical issues in this 
application.

Clinical Pharmacology/Biopharmaceutics 

I concur with the conclusions reached by Dr. Jain, the clinical pharmacology/ 
biopharmaceutics reviewer, that there are no outstanding clinical pharmacology issues that 
preclude approval.  Key aspects of Dr. Jain’s review are summarized below. 

In a phase 2 dose selection study, adults with stage 3 and 4 CKD treated once daily with 30, 
60, or 90 mcg of Rayaldee for six weeks, achieved a maximum calcifediol serum concentration 
on days (Tmax) 38, 41, and 43.  The mean maximum calcifediol serum concentration (Cmax) 
achieved in this study was 28, 60, and  ng/mL respectively.  Maximum and overall 
calcifediol exposure increased in a dose proportional manner in this dosing range.  A dose-
dependent PD response captured using change in mean PTH levels from baseline to end of 
trial was observed in this trial. The drug is highly protein bound and based on population PK 
data has a median elimination half-life (T1/2) estimated to be of 25 days.  The time to reach 
steady state, also derived from population PK data, was estimated to be ~8-9 weeks.  
Metabolism of the drug is through conversion to other forms of vitamin D in the kidneys and 
other organs through the 1 alpha hydroxylase enzyme (CYP27B1) and 24 alpha hydroxylase 
enzyme (CYP24A1).  Biliary excretion accounts for elimination.  The food effect study was 
not performed in the clinical dosing range and is of limited value.  Dr. Jain reviewed intrinsic 
and extrinsic factors that could impact effectiveness and has made suggestions for labeling. 

Clinical Microbiology 

I concur with the conclusions reached by the clinical microbiology reviewer that there are no 
outstanding clinical microbiology or sterility issues that preclude approval.

Clinical/Statistical-Efficacy

Refer to reviews by Drs. Lubas, Hie and Zemskova for a detail discussion of the efficacy 
findings.

Reference ID: 3909018

(b)(4)

(b)(4)

(b) 
(4)



Division Director Review

Page 6 of 16

Two pivotal trials in the NDA are used to establish efficacy of calcifediol (rayaldee) in stage 3 
and 4 CKD; CTAP101-CL-3001 and CTAP101-3002.  

The applicant sought Agency guidance for their phase 3 development and Dr. Zemskova has 
summarized the regulatory interactions for this program in details in her memorandum.  
CTAP101-CL-3001 was reviewed under a special protocol assessment (SPA) and agreement 
on the protocol was reached on 30 August 2012.  CTAP101-3002 has an identical design to 
CTAP101-CL-3001.  

Elements of the CTAP101-3001 protocol important for issuance of the agreement under SPA 
included but were not limited to; use of a randomized, double-blind, placebo controlled design, 
enrollment of patients with high PTH (between 85 and 500 pg/mL) and low 25-
hydroxyvitamin D stores (between 10 and 30 ng/mL) at baseline in the study, verification of 
assumptions used to derive sample size, and agreement on the primary analysis population (the 
intent to treat population) and method to handle missing data (data missing at trial end would 
be considered non-response).  In addition the Agency agreed that the primary endpoint could 
be a response based criteria defined as a greater than 30% decline in serum intact PTH 
between baseline and end of trial (mean of weeks 20 to 26). 

Precedent for use of PTH response to Establish Effectiveness of Vitamin D drugs

Dr. Lubas summarizes the regulatory history of several vitamin D analogs approved for the 
treatment of secondary hyperparathyroidism in patients with CKD and end stage kidney 
disease on page 34 of his review.  Marketed vitamin D analogs indicated to treat SHPT were 
approved based on demonstrating an effect on surrogate endpoints and not on clinical 
outcomes measure (e.g., bone or cardiovascular outcomes or quality of life measures).  
Surrogate measures have included PTH, alkaline phosphatase, and bone histomorphometry.  

Although calcifediol (NDA 18312) was not approved to treat secondary hyperparathyroidism 
per se, the summary basis of approval4 reports that the drug caused a ~20% reduction in intact 
PTH levels, a reduction in alkaline phosphatase levels, an improvement in bone 
histomorphometry and an improvement in bone pain and tenderness in patients with end stage 
kidney disease on dialysis. 

An improvement in bone histomorphometry accompanied by a reduction in PTH and alkaline 
phosphatase levels was also used as the basis to approve calcitriol [NDAs 021068 and 18044] 
for patients with SHPT and CKD in 1998.  In this application a ~20-30% reduction in PTH, 
measured by assays available at the time, was observed.   

The response criterion of a 30% reduction in intact PTH was used to establish the efficacy of 
paricalcitol (NDA 020819) for the treatment of SHPT in patients with end stage kidney disease 
in 1998 and stage 3 and 4 CKD in 2005.  The rationale for selecting a threshold of a 30% PTH 
reduction as an acceptable measure of efficacy for SHPT in ESKD and CKD is not explained 
in the medical reviews of these applications.  

4 Refer to Summary Basis of Approval in NDA 18312.
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Dr. Lubas surmises that a 30% reduction may have been selected based on findings from the 
literature reviewed at the time of the calcitriol approval reporting that PTH changes of that 
magnitude in patients with end stage kidney disease appeared correlated with improvement in 
bone histology and mineral density.  

Review of regulatory precedent revealed that calcitriol (NDA 021068 for rocaltrol), 
doxercalciferol (NDA 020819 for Hectorol), and paricalcitol (NDA 20862 for Zemplar) were 
indicated to treat SHPT in the setting of CKD on the basis of their effect on PTH.  The 
surrogate of significant PTH reduction in these applications was used to establish the 
effectiveness of these drugs and to support their full approval for the treatment of secondary 
hyperparathyroidism in patients with stage 3 and 4 CKD.  Since the last of these approvals 
(i.e., 2005), no new compelling clinical outcomes data (bone or cardiovascular-related) that 
either further inform or call into question the benefit or safety of vitamin D analogs for the 
treatment of secondary hyperparathyroidism in patients with stage 3 and 4 CKD have emerged.  
In light of regulatory precedent and absent new informative clinical data, I believe that 
significant PTH reduction remains an acceptable surrogate to establish the effectiveness of 
vitamin D drugs today for this indication.

Pivotal Trial Descriptions and Main Results

Studies CTAP-CL-3001 and CTAP-CL-3002 were randomized, placebo-controlled, double 
blind multicenter, trials.  Patients were eligible if they were > 18 years of age, had stable stage 
3 and 4 CKD, did not have macroalbuminuria, had an elevated serum intact PTH value 
between 85 and 500 pg/mL, a serum calcium within the normal range, a serum phosphorus 
within the normal range and a serum 25-hydroxyvitmatin D level between 10 and 30 ng/mL.  
Patients were excluded if they had had a kidney transplant, had had a parathyroidectomy, were 
using bisphosphonate therapies or were using pharmacological doses of over the counter 
vitamin D supplements (>12,000 IU per week) within 8 weeks prior to randomization.

The trials included a screening period allowing for washout of specific medications5, a 26-
week treatment period and a follow-up visit 14 days after end of treatment.  Study completers 
were eligible to participate in a voluntary single arm open-label extension at the end of 
treatment to collect additional safety data.  Patients were stratified by CKD stage and 
randomized to receive calcifediol (rayaldee) 30 mcg or placebo in a 2 to 1 ratio.  Participants 
were followed at biweekly and monthly visits.  

During the treatment period the dose of calcifediol (Rayaldee) could be increased at week 12 if 
the intact PTH was greater than 70 pg/mL (normal range; 10-65 pg/mL), the serum 25-
hydroxyvitamin D level was less than 65 ng/mL (normal range; 20-65 pg/mL) and the total 
serum calcium was less than 9.8 mg/mL (normal range; 9-10.5 mg/dL).  Investigators were 
also instructed that the dose could be decreased from daily to three times per week if the intact 

5 At least a 14-day for potential participants receiving > 1000 mg per day of elemental calcium from calcium-based phosphate binder or 
antacid therapy such as calcium carbonate or calcium acetate (Phoslo) Non-calcium based phosphate binder therapy such as sevelamer HCL 
(Renagel) or lanthanum carbonate (Fosrenol), and non-calcium based antacids were to be used at the discretion of the investigator during the 
treatment and follow-up periods. Phosphate binder and calcium therapy was to remain constant throughout the study. Changes in phosphate 
binder therapy and calcium supplement therapy were to be captured in the subject’s case report form. Subjects taking bone metabolism 
therapies that may have interfered with study endpoints (with the exception of bisphosphonates and ergocalciferol or cholecalciferol <1600 
IU/day) must have been willing and able to discontinue use of these agents for the duration of the study and have had at minimum a 28-day 
washout prior to randomization.
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PTH was below 30 pg/mL or the serum phosphorus was elevated (>5.5 mg/dL) or the serum 
calcium was elevated (>10.3 mg/dL) or the serum 25-hydroxyvitamin D level was elevated 
(>100 ng/dL) on two consecutive visits.  Participants with a confirmed serum calcium value 
greater than 11 mg/dL had their dose suspended.  Participants with a confirmed intact PTH of 
greater than 900 pg/mL and who required dose reduction or suspension were discontinued 
from the study.

Drs. He, Lubas and Zemskova reviewed protocol deviations screening failures and disposition.  
Refer to table 4 and 5 in Dr. Lubas’s review and tables 3 and 4 in Dr. He’s review.  Neither 
reviewer identified trial conduct issues that would invalidate the observed results.  

Major demographic and disease characteristics were balanced at baseline.  The majority of 
participants in both studies were Male (> 50%), White (>60%), or Blacks or African American 
(~30%).  The mean age of participants was ~65 years, the mean baseline estimated glomerular 
filtration rate was ~31 mL/min/1.73 m2, the mean intact PTH at baseline was elevated at ~ 148 
pg/mL, the mean baseline calcium was in the high normal range at ~ 9.3 mg/dL, the mean 
baseline phosphorus was in the mid normal range at ~3.8 mg/dL, the mean serum 25-
hydroxyvitamin D was below the normal range at ~20 ng/mL (refer to Table 6 in Dr. Lubas’s 
review).  Cause of CKD, past medical history, concomitant diseases and medications were 
balanced between groups (see Table 10 in study reports).  At baseline > 50% of participants 
were treated with a form of vitamin D or calcium sensing receptor agonist (most commonly 
with ergocalciferol; see Table 11 in study reports).    

The primary endpoint was the number of patients who experienced at least a 30% reduction in 
serum intact PTH between baseline (mean of two values) and end of treatment (mean of four 
values at weeks 20, 22, 24 and 26).  The primary analysis population was the intent to treat 
population which included all individuals who received at least one dose of study drug.  
Response to intervention in the calcifediol (Rayaldee) and placebo arms was compared using 
the Cochran-Mantel-Haenszel (CMH) test.  Participants missing more than two measurements 
out of four at trial end were treated as non-responders (see Dr. He’s review for a detail 
discussion of missing data handling in this application).  At the end of treatment, more patients 
randomized to calcifediol (rayaldee) were observed to have had an at least 30% reduction in 
serum intact PTH compared to placebo.  The difference was highly significant in both studies.  
The main results for the two studies are shown below.

Table 1:  Primary Analysis Results for Study CTAP-CL-3001 and Study CTAP-CL-3002 (Adapted from 
Tables 7 and 8 in Dr. He’s review).

Trial/
Treatment Group

Number
of 

subjects

Number of 
Responder 

(%)

Number of 
Non-Responder 

(%)

p-value*

CTAP-CL-3001
Placebo 72 6 (8.3) 66 (91.7) ---
Calcifediol (rayaldee) 141 46 (32.6) 95 (67.4) <0.001
CTAP-CL-3002
Placebo 72 5  (7.0) 67 (93.0) ---
Calcifediol (rayaldee) 144 49 (34.1) 95 (65.9) <0.001
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*Cochran-Mantel-Haenszel (CMH) test stratified by CKD strata comparing responder rates between placebo and 
calcifediol (rayaldee)  treat patients 

Since calcifediol requires “activation” by the kidney to exert its pharmacological effect, Dr. He 
performed a series of additional exploratory analyses to determine whether responses were 
consistent across the two stages of CKD in each individual trial.  These analyses did not 
identify differences in effects across subgroups defined by CKD stage (refer to page 11 of her 
review).  Dr. He also explored the effect of age, sex, race, and diabetes status on PTH response 
to calcifediol (rayaldee) for both stage 3 and 4 CKD in a pooled analysis combining CTAP-
CL-3001 and 3002.  No interactions were identified that suggest these baseline characteristics 
were effect modifiers in either CKD stage (refer to figure 1 in her review).

The only pre-specified secondary analysis was an analysis on the proportion of subjects in the 
ITT population achieving a total 25-hydroxyvitamin D level ≥ 30 ng/mL at end of treatment.  
A greater proportion of patients in the calcifediol (rayaldee) treated group achieved 25-
hydroxyvitamin D levels of 30 ng/mL or greater (p-value < 0.001).

Exploratory analyses evaluating the effect of intervention on mean change from baseline in 
iPTH levels, total 1,25-dihydroxyvitamin D, 24,25-dihydroxyvitamin D3, FGF-23 levels, and 
biomarkers of bone formation [Bone specific alkaline phosphatase (BAP) and Serum type 1 
procollagen (P1NP)] and resorption [serum collagen type 1 cross-linked C-telopeptide (CTx)] 
were generally consistent with biological effects predicted for a vitamin D agonist.

Safety

Drs. Lubas and Zemskova have reviewed the safety findings for calcifediol (Rayaldee) in the 
setting of chronic kidney disease stage 3 and 4 and the reader is referred to these reviews for 
details.

Dr. Lubas summarizes the total exposure to calcifediol (Rayaldee) in the single dose (top-half) 
and multi dose (bottom half) studies in the Rayaldee clinical program in Table 27 of his review 
reproduced immediately below.  Dr. Lubas notes that calcifediol was approved and marketed 
from 1980 to 2001 and was not withdrawn for specific safety reasons.
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Table 2:  Number exposed to Rayaldee in Development Program

The most informative safety data in the application is data derived from trial 3001 and 3002.  
These two trials were identical in design, compared the to-be marketed product and dosing 
regimen with placebo in a double-blind fashion, enrolled a representative sample of the patient 
population for whom the drug will be indicated and had the longest duration of controlled 
observation. Since these two trials were identical in almost all respects, pooling the safety 
findings from these two trials for the purpose of analyses, review and data presentation was 
deemed appropriate.  Data from the single arm, open-label, extension study (CTAP101-CL-
3003) was confounded by cross-ins from the placebo arm and interpretability further limited 
by allowing use of specific medications (e.g., phosphate binders, active vitamin D analogs) 
and by the absence of a control group and provides limited additional useful data.

The mean exposure in days (SD) in trial 3001 was 173 (32) and 164 (42) days for placebo and 
Rayldee respectively. The mean exposure in days (SD) in trial 3002 was 165 (41) and 165 (44) 
days for placebo and Rayldee respectively.  Total exposure to Rayaldee was 64 patients years 
in trial 3001 and 66 patient years in 3002.  Refer to Table 29 in individual study reports and 
Table 3 in Summary of Clinical Safety for these numbers.

Deaths and Serious Adverse Events

In the two 6-month placebo controlled studies there were a total of 8 deaths.  Numerically 
more deaths occurred in the Rayaldee treatment groups [CTAP101-CL-3001 (4 vs. 0), and 
CTAP101-CL- 3002 (3 vs. 1)].  The numerical imbalance is expected and partly explained 
because of the 2 to 1 randomization.  Dr. Lubas reviewed all the deaths narratives in the 
application (refer to Table 30) and concludes that it is unlikely that any of the deaths were drug 
related as most deaths resulted from known existing underlying diseases or were due to 
conditions prevalent in this population (i.e., cardiovascular disease, infection).  Serious adverse 
reactions of congestive heart failure and increase in serum creatinine were more frequent in 
patients randomized to Rayaldee.  These are discussed below. 
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Common Adverse Reactions

The table below shows the more frequently reported treatment emergent adverse events 
associated with use of calcifediol (Rayaldee) in the controlled portion of the two six-month 
placebo-controlled trials for the total population and by CKD subgroups.  These adverse 
events were not present at baseline, occurred more frequently on Rayaldee than placebo and 
occurred in at least 1.4% of patients treated with Rayaldee.  The findings of an increased rate 
of congestive heart failure and blood creatinine increase were reviewed in greater details.  
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Table 3:  Common Adverse Reactions Associated with Rayaldee in Pivotal Trials by CKD stage
CKD Stage 3 CKD Stage 4 TOTAL

Adverse Event
Placebo
N=71

Active
N=151

Placebo
N=73

Active
N=134

Placebo
N=144

Active
N=285

% (n) % (n) % (n) % (n) % (n) % (n)

  Anemia 2.8 (2) 3.3 (5) 4.1 (3) 6.7 (9) 3.5 (5) 4.9 (14)

  Blood creatinine increased 0.0 (0) 3.3 (5) 2.7 (2) 6.7 (9) 1.4 (2) 4.9 (14)

  Nasopharyngitis 5.6 (4) 5.3 (8) 0.0 (0) 4.5 (6) 2.8 (4) 4.9 (14)

  Dyspnea 2.8 (2) 5.3 (8) 2.7 (2) 3.0 (4) 2.8 (4) 4.2 (12)

  Cardiac failure congestive 1.4 (1) 3.3 (5) 0.0 (0) 3.7 (5) 0.7 (1) 3.5 (10)

  Cough 1.4 (1) 4.6 (7) 2.7 (2) 2.2 (3) 2.1 (3) 3.5 (10)

  Constipation 2.8 (2) 4.6 (7) 2.7 (2) 1.5 (2) 2.8 (4) 3.2 (9)

  Bronchitis 0.0 (0) 3.3 (5) 1.4 (1) 2.2 (3) 0.7 (1) 2.8 (8)

  Hyperkalemia 0.0 (0) 2.6 (4) 1.4 (1) 2.2 (3) 0.7 (1) 2.5 (7)

  Osteoarthritis 1.4 (1) 2.6 (4) 0.0 (0) 1.5 (2) 0.7 (1) 2.1 (6)

  Contusion 0.0 (0) 1.3 (2) 0.0 (0) 2.2 (3) 0.0 (0) 1.8 (5)

  Hyperuricaemia 1.4 (1) 1.3 (2) 0.0 (0) 2.2 (3) 0.7 (1) 1.8 (5)

  Chronic obstructive pulmonary 
disease

0.0 (0) 2.0 (3) 0.0 (0) 0.7 (1) 0.0 (0) 1.4 (4)

  Pneumonia 0.0 (0) 0.7 (1) 1.4 (1) 2.2 (3) 0.7 (1) 1.4 (4)
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Congestive Heart Failure

Numerically more patients were reported to have experienced CHF on calcifediol (3.5%) than 
on placebo (0.7%) across the two phase 3 trials.  Dr. Lubas and Zemskova reviewed 
information in case narratives and performed a causality assessment to determine the 
likelihood of drug relatedness.  As with any adverse events a biological/clinical basis for the 
observed imbalance can be invoked.  Drug related changes in PTH or mineral levels could 
have a direct impact the heart or vasculature that could predispose to CHF or alternatively 
drug-related adverse event could trigger changes to existing therapies or addition of new 
therapies that could predispose to CHF (e.g., discontinuing of hydrochlorothiazide diuretics or 
initiating saline infusion to deal with treatment emergent hypercalcemia).  

Dr. Lubas examined elements of the case histories to look for a temporal relationship, a dose-
response relationship, alternative etiologies, and dechallenge/rechallenge.  At the end he 
concludes that information in the narratives do not provide compelling evidence that this 
imbalance represents a “certain” drug-related adverse event because the majority of cases 
could be explained by an existing concurrent diagnosis (i.e., existing history of CHF) or a 
change in concomitant drugs (i.e., discontinuation of diuretics).  In his review, he did not 
identify a particular and consistent temporal or dose relationship with the event and he noted 
that most episodes resolved without dechallenge and did not recur while continuing on drug.  
In addition, no association between vitamin D excess/hypercalcemia and CHF was identified 
from narrative review.  No differences in mean change from baseline in brain natriuretic 
peptide were seen in the overall population.  I agree with Dr. Lubas and Zemskova that an 
association between calcifediol and CHF is unlikely but cannot be entirely dismissed on the 
basis of the observed 1 to 5 numerical imbalance.  This adverse reaction will appear in the 
common adverse reaction section of labeling. 

Creatinine Increased

Numerically more patients were reported to have experienced “creatinine increased” on 
calcifediol (4.9%) than on placebo (1.4%) across the two phase 3 trials.  Dr. Lubas and 
Zemskova also reviewed information in case narratives and performed a causality assessment 
to determine whether a drug related cause was apparent.  Again, information in the narratives 
did not provide compelling evidence that this imbalance represented a “certain” drug-related 
adverse event because in the majority of cases a triggering event (i.e., CHF, gastroenteritis) or 
a change in concomitant drugs (i.e., initiation of NSAIDs or diuretic) was identified.  Again no 
temporal or dose response relationship was observed, and information in narratives did not 
suggest that these events occurred in the setting of an adverse pharmacological drug effect 
(i.e., hypercalcemia).  Dr. Zemskova points out that no differences were observed in eGFR 
changes from baseline between Rayladee and placebo in the overall population in the two 
trials.  I agree with Dr. Lubas and Zemskova that an association between calcifediol and 
creatinine increase is unlikely but cannot be completely dismissed on the basis of the observed 
1 to 3.5 numerical imbalance.  This adverse reaction will appear in the common adverse 
reaction section of labeling.

Hypercalcemia, Hyperphosphatemia and Suppressed PTH
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The Division made l numerous additional changes to the label to ensure consistency with best 
labeling practices.

Decision/Action/Risk Benefit Assessment
• Regulatory Action 

Complete Response
• Risk Benefit Assessment

I recommend a complete response due to numerous manufacturing deficiencies identified 
during a recent inspection of the product manufacturing facilities.  The applicant will need to 
address these deficiencies before the product can be approved.

I agree with recommendations made by Drs. Lubas and Zemskova that the benefits of the 
products are likely to outweigh the identified risks.  The applicant has demonstrated in two 
adequate and well controlled trials that patients with stage 3 and 4 chronic kidney disease and 
low vitamin D stores treated with Rayaldee are more likely to experience a significant (i.e., 
30%) reduction in serum intact PTH level than patients treated with a placebo.  Extremely low 
vitamin D stores and low levels of active vitamin D cause secondary hyperparathyroidism and 
can lead to bone mineralization issues. Chronic elevation in serum PTH levels is associated 
with high bone turnover and in its most severe form, osteitis fibrosa cystica, can cause bone 
pain, bone tenderness, bone fractures, and skeletal deformities.  The Agency has used 
significant reduction in PTH as a surrogate of benefit to support full approval of several 
vitamin D analogs indicated to treat secondary hyperparathyroidism in patients with stage 3 
and 4 chronic kidney disease (reviewed above).  This vitamin D product’s benefit is expected 
to be similar to other vitamin D products currently approved and marketed to treat this 
disorder.

Safety issues were consistent with exaggerated pharmacology and with expected class specific 
side effects (e.g., hypercalcemia, hyperphosphatemia and suppressed PTH).  Associations 
between calcifediol use and CHF and creatinine increase was found to be unlikely based on 
narrative review and examination of laboratory data but could not be entirely dismissed on the 
basis of numerical imbalance.  Safety issues will be mitigated through labeling.         

• Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies
No safety findings prompt the need for a Postmarketing Risk Evaluation and Mitigation 
strategies.
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• Recommendation for other Postmarketing Requirements and Commitments
No safety findings prompt the need for Postmarketing Requirements and Commitments.  
Postmarketing requirement pursuant to the Pediatric Research and Equity Act are discussed in 
the CDTL memorandum and primary review.
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Glossary 

ACE angiotensin converting enzyme 
AE adverse event
ARF acute renal failure
BMI body mass index
BUN blood urea nitrogen
Ca calcium
CABG coronary artery bypass graft
CHF congestive heart failure
CKD chronic kidney disease
CMC chemistry, manufacturing, and controls
COPD chronic obstructive pulmonary disease
Cr creatinine
CRF case report form
CRT clinical review template
CSR clinical study report
CT computerized axial tomography scan
CTCAE Common Terminology Criteria for Adverse Events 
DMC data monitoring committee
CXR chest X-ray
DSMB data safety monitoring board
ECG electrocardiogram
eGFR estimated glomerular filtration rate
EOP2 end of phase 2
EOT end of treatment 
EAP efficacy assessment phase
eCRF electronic case report form
eCTD electronic common technical document
EDC electronic data capture
ER emergency room
FDA Food and Drug Administration
GCP good clinical practice
GFR glomerular filtration rate
GI gastrointestinal
GRMP good review management practice
ICH International Conference on Harmonization
IND Investigational New Drug
iPTH Intact Parathyroid Hormone
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ISE integrated summary of effectiveness
ISS integrated summary of safety
ITT intent to treat
IVRS Interactive Voice Response System 
KDIGO Kidney Disease Improving Global Outcomes 
LLN lower limit of normal
MAED MedDRA-Based Adverse Event Diagnostic
MCH mean corpuscular hemoglobin 
MCHC mean corpuscular hemoglobin concentration
MCV mean corpuscular volume
MDRD Modification of Diet in Renal Disease
MedDRA Medical Dictionary for Regulatory Activities
MI myocardial infarction
mITT modified intent to treat
MPV mean platelet volume
NDA new drug application
OH hydroxy
OTC over the counter
PD pharmacodynamics
PI prescribing information
PK pharmacokinetics
PP per protocol
PPI patient package insert
PREA Pediatric Research Equity Act
PT Preferred Term
PTH Parathyroid hormone
REMS risk evaluation and mitigation strategy
SAE serious adverse event
SAP statistical analysis plan
SEM standard error of the mean
SOC standard of care or System Organ Class
SD standard deviation
SPA Special Protocol Assessment
TEAE treatment emergent adverse event
TIW three times a week dosing
ULN upper limit of normal
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and there was currently no definitive evidence that this was no longer an appropriate endpoint. As discussed in more detail in this review (see 
section 7.3), clinical trials with other potentially relevant endpoints were not considered feasible under the current practice guidelines.  Given 
that Rayaldee is “partially activated” it is likely to result in faster normalization of 25-OH vitamin D levels than treatment with cholecalciferol 
and ergocalciferol and as such to result in faster improvement in secondary hyperparathyroidism, although comparative studies demonstrating 
this have not been done. Using similar reasoning it is likely to be less effective than the “fully activated” vitamin D analogs currently approved 
for this indication, but as mentioned previously as such it may thereby potentially pose less of a risk for hypercalcemia and chronic over 
suppression of PTH which can result in adynamic bone disease. There is anecdotal evidence in clinical trials for the approval of active vitamin D 
analogs that demonstrated higher levels of hypercalcemia and urinary calcium than seen in the pivotal trials for Rayaldee, but such findings 
could simply represent a difference in study populations between the pivotal trials in the different clinical programs as it is not possible to make 
such direct comparisons across different trials.  

The main safety concerns identified in this clinical program are those previously associated with the use vitamin D analogs, namely 
hypercalcemia, hyperphosphatemia and over suppression of PTH. That said the risk of serious AEs of hypercalcemia, hyperphosphatemia or low 
iPTH are low and with proper monitoring can be adequately controlled. Most of the cases of low serum iPTH were associated with the addition 
of an active vitamin D analog during the open label extension, suggesting concomitant use of multiple active vitamin D analogs should probably 
be avoided unless strict PTH monitoring can be followed. There were cases of elevated serum 25-OH vitamin D > 100ng/mL in these studies in 
subjects treated with 30 and 60mcg/day of Rayaldee suggesting the routine monitoring will be necessary with chronic treatment. That said 
most of the cases were not associated with hypercalcemia suggesting that with appropriate monitoring the risk of serious hypercalcemia is low. 
A new potential safety concern of increased serum creatinine was seen to occur at a slightly higher rate in the Rayaldee treatment group 
compared to placebo. This is similar to recent results from clinical studies in the literature that have identified this as a potential safety concern 
in predialysis patients treated with some of the currently approved active vitamin D analogs. That said, the cases seen with Rayaldee treatment 
where mostly mild in severity, and resolved usually within a few days with standard of care for underlying conditions. Therefore these events 
can be adequately controlled with the routine monitoring which is part of regular patient management in the predialysis population. As in the 
case of the other active vitamin D analogs it is not known if these observed increases in serum creatinine represent a true decrease in renal 
function or are occurring by some other unrelated mechanism (see section 8.10).  One other adverse reaction which was seen at a slightly 
higher rate in the Rayaldee treatment group compared to placebo was CHF and CHF related conditions such as pulmonary edema and fluid 
overload. Most of these cases were confounded by past medical history, and inadequate use of diuretic medications. There was no clear 
correlation with high serum 25-OH vitamin D levels or hypercalcemia to implicate a vitamin D related mechanism for the increased rate of 
events. In addition, given that the event rate was low at around 3-4% at 6 months in a population known to be at high risk for CHF and fluid 
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retention it still needs to be seen whether it is a truly drug-related effect or a chance finding.  As with the cases of increased serum creatinine 
described previously these adverse reactions were largely manageable and adequately controlled with the routine monitoring and treatment 
which is part of regular patient management in the predialysis population.

Rayaldee provides a potential benefit for the treatment of predialysis subjects with low 25-OH vitamin D levels at baseline, especially for 
patients who have not responded effectively to treatment with cholecalciferol or ergocalciferol. The low risk of hypercalcemia likely relates to 
the requirement in the clinical program that serum calcium levels had to be < 9.8mg/dL prior to initial dosing and dose increase. This 
information should be included in labeling under DOSAGE AND ADMINISTRATION. The clinical program did not study predialysis subjects with 
normal or elevated 25-OH vitamin D levels so it is not known if efficacy diminishes at a certain threshold above the upper limit of normal of 25-
OH vitamin D (i.e. 30ng/mL) which was studied in the pivotal clinical trials. Therefore use in such subjects is not recommended. 

Dimension Evidence and Uncertainties Conclusions and Reasons 

Analysis of 
Condition

• Secondary hyperparathyroidism in subjects with chronic kidney 
disease is a condition in which there is excessive secretion of 
parathyroid hormone (PTH) in response to low serum calcium levels. 

• Prolonged elevation of PTH causes excessive calcium and phosphorus 
to be released from bone, leading to metabolic bone disease referred 
to as renal osteodystrophy resulting in bone pain and fracture, in 
addition to soft-tissue calcification of cardiovascular and renal tissues 
responsible for increased morbidity and mortality in this population. 

• The Kidney Disease Improving Global Outcomes (KDIGO) guidelines 
from 2009 state that the optimal iPTH in predialysis adult patients 
with secondary hyperparathyroidism due to Stage 3-5 CKD is not 
known, but recommend treating hyperphosphatemia, hypocalcemia 
and vitamin D deficiency if they are present in order to treat iPTH 
levels above the upper limit of normal. If the iPTH is rising or remains 
persistently above the upper limit of normal despite those changes 

• Prolonged elevation of PTH in 
secondary hyperparathyroidism is 
believed to be responsible for renal 
osteodystrophy and vascular 
calcification in skin, calciphylaxis, and 
soft-tissues.

• Optimal PTH guidelines to prevent 
these conditions are not known.
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Dimension Evidence and Uncertainties Conclusions and Reasons 

treatment with an active vitamin D analog like calcitriol is 
recommended. 

• Vitamin D insufficiency  It is meant to 
correspond to 25-hydroxyvitamin D levels that are below what is 
considered normal, which ranges from 20 to 30ng/mL depending on 
the source of the guideline, but without overt clinical symptoms that 
present as a clearly identifiable clinical syndrome. This is in contrast to 
vitamin deficiency, in which 25-hydroxyvitamin D levels are below 10 
or 20ng/mL depending on the guideline and can result in specific 
clinical symptoms such as muscle weakness, bone pain, fragility 
fractures and rickets. 

•
 

 However, in patients 
with chronic kidney disease 25-OH 
vitamin D levels in the “insufficiency” 
range may be contributing to the 
elevated levels of PTH and as such 
these patients might benefit from 
treatment with vitamin D analogs, such 
as Rayaldee. 

Current 
Treatment 

Options

• Non activated Vitamin D analogs- cholecalciferol and ergocalciferol.  
• Fully activated 1,25 diOH-vitamin D analogs- calcitriol, doxercalciferol 

and paricalcitol.

• Rayaldee is a “partially active” 25-OH 
vitamin D, which is likely to result in 
faster normalization of 25-OH vitamin D 
levels than treatment with cholecalciferol 
or ergocalciferol and as such may result in 
faster improvement in secondary 
hyperparathyroidism, although 
comparative studies demonstrating this 
have not been done. 

• Using similar reasoning it is likely to be 
less effective than the “fully activated” 
vitamin D analogs currently approved for 
this indication, but as such it may pose a 
lower risk for hypercalcemia and over 

Reference ID: 3898321

(b) (4)

(b) (4)



Clinical Review
{William Lubas M.D., Ph.D.} 
{NDA 208010}
{Rayaldee (calcifediol) extended-release capsules}

CDER Clinical Review Template 2015 Edition 17
Version date: June 25, 2015 for initial rollout (NME/original BLA reviews)

Dimension Evidence and Uncertainties Conclusions and Reasons 

suppression of PTH which can result in 
adynamic bone disease. Therefore it may 
be beneficial in the treatment of milder 
Stage 3 & 4 chronic kidney disease than 
the “fully activated” vitamin D analogs. 

Benefit

• Efficacy was established in two pivotal, placebo-controlled, 26wk 
studies, using a responder analysis looking at the number of subjects 
in the ITT population attaining a mean decrease of ≥30% in plasma 
iPTH from the pre-treatment baseline during the EAP 

• A key secondary endpoint also showed a statistically significant 
number of subjects normalized their 25-OH vitamin D levels during 
the EAP compared to the placebo group

• The exploratory endpoints of serum bone biomarkers gave results 
which were consistent with Rayaldee being responsible for a decrease 
in the excessive bone turnover seen in renal osteodystrophy. 

• A 30% reduction in iPTH is a surrogate for 
bone turnover which had been previously 
used to approve an active vitamin D 
analog for this same indication.

• The bone biomarker data supports the 
use of the 30% change in PTH as a 
surrogate for efficacy.

• Rayaldee is effective in raising 25-OH 
vitamin D levels to >30ng/nL.

• Risk

• As expected with the use of active vitamin D analogs in the treatment of 
secondary hyperparathyroidism in predialysis patients, the main safety 
concerns were hypercalcemia, hyperphosphatemia and low serum iPTH. 
That said only one case of moderate hypercalcemia was considered 
serious and that readily resolved with IV hydration. 

• Most of the cases of low serum iPTH were associated with the addition 
of an active vitamin D analog during the open label extension, 
suggesting concomitant use of multiple active vitamin D analogs should 
probably be avoided unless strict PTH monitoring can be followed. 

• The risk of serious AEs of hypercalcemia 
was low if serum calcium levels were 
maintained < 9.8mg/dL at baseline and 
prior to dose increase. 

• Hypercalcemia, hyperphosphatemia and 
low iPTH can be managed effectively with 
appropriate monitoring. 

• There were cases of elevated serum 25-OH 
vitamin D > 100ng/mL in these studies in 
subjects treated with 30 and 60mcg/day of 
Rayaldee suggesting the routine 
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Dimension Evidence and Uncertainties Conclusions and Reasons 

monitoring of serum 25-OH vitamin D 
levels will be necessary with chronic 
treatment.

Risk 
Management

•
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CTAP101 30 mcg Capsules, or matching placebos), in a blinded fashion with oversight by 
independent safety medical monitor. To maintain study blind, all subjects were to take 1 
capsule per day starting at day 1 and take 2 capsules per day starting after 12 weeks (visit 8), 
unless dose reduction or suspension was warranted. At visit 8, the Interactive Voice Response 
System (IVRS) was to assign a dose regimen based on the following:

• Subjects in the placebo arm were to take 2 placebo capsules per day.
• Subjects in the CTAP101 Capsules arm were to take 2 CTAP101 Capsules (60mcg) daily 
if plasma iPTH is >70 pg/mL, serum total 25-OH vitamin D is ≤65 ng/mL and serum 
calcium is <9.8 mg/dL (using the average at visits 6 and 7).
• Subjects in the CTAP101 Capsules arm were to take 1 CTAP101 Capsules (30mcg) and 1
placebo capsule per day if plasma iPTH is ≤70 pg/mL or serum total 25-OH vitamin D is 
>65 ng/mL or serum calcium is ≥9.8 mg/dL (using the average at visits 6 and 7).

The dose of study drug was to be reduced if any of the following criteria are met:
1. Two consecutive visits with plasma iPTH <30 pg/mL,
2. Two consecutive visits with serum calcium >10.3 mg/dL, 
3. Two consecutive visits with serum phosphorus >5.5 mg/dL if felt study drug related,
4. Two consecutive visits with serum total 25-OH vitamin D >100 ng/mL

The study drug was to be suspended for serum calcium ≥11 mg/dL if confirmed on repeated 
measurement and to be restarted at the next lower dose after serum calcium was determined 
to be ≤10.3 mg/dL. Any subject whose dose was suspended for serum calcium ≥11 mg/dL and 
who was taking the study drug 3 times weekly (TIW) was to be discontinued from the study.

Subjects were to be discontinued from the study for 2 consecutive plasma iPTH values >900 
pg/mL after dose titration.

Treatment compliance was based on pill counts at study visits. Dosing compliance was reported 
as a protocol violation if it was <80% or > 120%. Problems with compliance were reported in no 
more than 3 subjects (between 0 and 2.8% of study subjects) in each treatment arm in the 
pivotal studies (source Table 3 ISE). 

The food effect study (CTAP101-CL-1016) demonstrated increased absorption when 
administered with a high fat, high calorie meal (e.g. 5-fold increase in Cmax and 3.5 fold 
increase in AUC). Therefore dosing at bedtime is expected to limit the likelihood of regular 
administration with meals.  While occasional administration with meals is unlikely to pose a 
significant risk, regular monitoring during this trial should ensure that subjects are receiving 
safe levels of medication independent of how they are self-administering the medication. 

If either the baseline measurement or the EAP measurement was missing the subject was 
classified and counted as a non-responder for the primary endpoint.
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A Data Safety Monitoring Board (DSMB) was set up to monitor the study and make 
recommendations for changes to the conduct of the trial, including the recommendation to 
terminate the study early for safety concerns, for overwhelming treatment efficacy, or for 
demonstrated futility in showing a treatment benefit. In the end there was no need to 
terminate the study early. In fact, most subjects who completed the study were rolled over in a 
blinded fashion into an extension study CTAP101-CL-3003 to get an additional 26 weeks of drug 
exposure. 

Figure 1 Study Design for CTAP101-CL-3001 and CTAP101-CL-3002

Medical Officer’s comments-
A 26 week randomized, double-blind, placebo-controlled trial is considered an 
appropriate study design for this condition. An alternative approach would have been to 
make sure that 25-OH vitamin D levels were normalized to > 30ng/mL with ergocalciferol 
or cholecalciferol prior to treatment with calcifediol. That would likely have made 
recruitment more difficult for the applicant as they would have had to follow patients for 
several months prior to enrollment in the trial to see if they still had appropriate 
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inclusion criteria for enrollment for the study protocol. That said, calcifediol is probably 
much more effective at raising serum 25-OH vitamin D levels than either of the inactive 
vitamin D analogs which would first have to be activated in the liver by 25 hydroxylation. 
So if there is no safety or tolerability difference between the different vitamin D analogs, 
it probably would be to the subjects benefit to be started on the partially activated 
analog sooner than waiting to see if they would respond to OTC vitamin D supplements, 
even though the later are likely to be less expensive. Of note doses of vitamin D up to 
1600IU were permissible as entry criteria. While such doses are above the typical RDA of 
400-800IU recommended for most adults it is likely that subjects with secondary 
hyperparathyroidism due to CKD would need higher doses to see benefit. 

The dose selection of 30 and 60mcg doses was appropriate given the results of the phase 
2 study, CTAP101-CL-2008, which showed a significant proportion of subjects with 
potentially toxic levels of vitamin D of >100mg/dL on the 90mcg dose (e.g. the mean 
total serum 25-OH vitamin D level was 85ng/mL with a standard deviation of 20 ng/mL 
at 90mcg dose, see Table 14 CSR CTAP101-CL-2008). That said, it could have been 
possible to include a further titration to the 90mcg dose during an open label extension 
in the subset of subjects with continued secondary hyperparathyroidism with serum total 
25-OH vitamin D ≤65 ng/mL and serum calcium <9.8 mg/dL, although the applicant 
chose not to perform such a study. Of note vitamin D toxicity is probably unlikely until 
levels are probably well above 150mg/dL and for an extended period of time, so using 
100mg/dL as the upper limit prior to dose reduction was meant to minimize toxicity. 

The study duration and dose titration at 12 week intervals was adequate given the long 
half-life of 25 to 50 days in the CKD population with steady state estimated to occur at 
12 weeks. 

An Interactive Voice Response System (IVRS) was used to provide study treatment group 
assignments using a computer-generated randomization code provided by the IVRS 
vendor. No changes in randomization or interim analyses were performed during the 
pivotal studies. The DSMB that monitored the study did not need to make any 
recommendations for changes to the conduct of the study due to safety or efficacy 
concerns. 

The prespecified dose reductions were appropriate to ensure the safety of the study 
subjects. 

Blinding of capsules was adequate during the trial. All subjects and research staff were 
blinded during the trial. Serum laboratory measurements such as 25-OH vitamin D or 
iPTH are less likely to be susceptible to study bias although they could theoretically be 
affected by certain supplements and medications that were restricted according to the 
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treatment protocol. 

Table 3 Schedule of Events for CTAP101-1CL-3001 and CTAP101-1CL-3002
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Inclusion criteria for CTAP101-CL3001 and 3002 (including but not limited to):

• 18 years of age or older
• Stage 3 (eGFR 30 and <60 mL/min/1.73m2) or 4 (eGFR 15 and <30 mL/min/1.73m2)
• Urinary albumin excretion/creatinine ratio 3000 mcg/mg (3 mg/mg) 
• From both visit 1 (or visit 2 for subjects requiring washout) and visit 3:

o Plasma iPTH 85 pg/mL and <500 pg/mL
o Serum Ca 8.4 mg/dL and <9.8 mg/dL
o Serum Phosphorous 2.0 mg/dL and <5.0 mg/dL
o Serum total 25-OH vitamin D 10 ng/mL and <30 ng/mL

• If taking more than 1000 mg/day of elemental calcium, willing and able to discontinue or 
reduce calcium use and/or use non- calcium based therapies for the duration of the study 
and undergo at least a 14-day washout prior to visit 2

• Taking 1600 IU/day vitamin D (ergocalciferol or cholecalciferol) 
• Subjects taking other bone metabolism therapy (with the exception of bisphosphonates) 

that may interfere with study endpoints must be willing and able to discontinue use of 
these agents for the duration of the study and allow for at least a 28-day washout prior to 
visit 2

• Has stable kidney function in the medical judgment of the investigator and is not 
expected to require dialysis or kidney transplant within 6 months of screening

• Female subject of childbearing potential is neither pregnant nor lactating and must have a 
negative urine pregnancy test at visit 1

• Female subjects of childbearing potential and male subjects with female partners of 
childbearing potential must agree to use effective contraception (e.g., implants, 
injectables, combined oral contraceptives, intrauterine device, sexual abstinence, 
vasectomy or vasectomized partner) for the duration of the study

Exclusion criteria for CTAP101-CL3001 and 3002 (including but not limited to):

• History of kidney transplant or parathyroidectomy for secondary hyperparathyroidism
• Use of pharmacological dose of ergocalciferol or cholecalciferol (weekly equivalent

>12,000 IU/300 μg) within 8 weeks prior to randomization and during the study
• Spot urine Ca/Cr ratio >0.2 (>200 mg/g Cr)
• Bisphosphonate therapy within 6 months prior to enrollment and during the study
• Known previous or concomitant serious illness or medical condition, such as

malignancy, HIV, significant gastrointestinal or hepatic disease or cardiovascular event 
or hepatitis that in the opinion of the investigator may worsen and/or interfere with 
participation in the study

• History of neurological/psychiatric disorder, including psychotic disorder or dementia,
or any reason which, in the opinion of the investigator makes adherence to a treatment or
follow-up schedule unlikely
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Medical Officer’s comments-
Diagnostic Criteria-

o Plasma iPTH 85 pg/mL and <500 pg/mL
The National Kidney Foundation KDOQI guidelines originally recommended iPTH levels of 
35 to 70 pg/mL for Stage 3 and 70 to 110 pg/mL for Stage 4 CKD. Therefore the inclusion 
criteria of > 85pg/mL while appropriate for Stage 3 CKD would have been too low for 
Stage 4 CKD. That said the demographics of the Stage 4 CKD population had a baseline 
iPTH of 163±60 pg/mL in placebo patients and 168±72 pg/mL in Rayaldee patients (see 
Table 12.2.2.1 ISE-tables) , so most Stage 4 CKD subjects would likely still have had 
baseline iPTH levels > 110pg/mL. However with the newer KDIGO guidelines there are no 
longer prescriptive iPTH target ranges for predialysis subjects, so it is less clear what 
lower limit for baseline iPTH levels should have been used to identify secondary 
hyperparathyroidism in these study subjects. That said the upper limit of 500pg/mL was 
probably reasonable given that the KDIGO guidelines do recommend treatment with 
active vitamin D analogs such as calcitriol in subjects with progressively increasing or 
higher levels above the reference range (see KDIGO guideline 4.2.2). 

o Serum total 25-OH vitamin D 10 ng/mL and <30 ng/mL
This range of vitamin D levels is typically referred to as vitamin D insufficiency in contrast 
to vitamin D deficiency which is associated with levels < 10ng/mL and is more likely to be 
associated with clinical symptoms. Whether 20ng/mL or 30ng/mL should be considered 
the lower limit of normal is still actively debated in the literature. The FDA does not 
currently approve vitamin D or its analogs for the treatment of vitamin D insufficiency 
because it is not clear that such treatment leads to clear clinical benefits in specific 
patients. That said by picking this subgroup with lower baseline vitamin D levels the 
applicant may have enriched for subjects with a greater likelihood to benefit from an 
improvement in secondary hyperparathyroidism due to treatment with their study drug 
which is a vitamin D analog. Therefore this reviewer recommends that the label propose 
treatment only in subjects with combined secondary hyperparathyroidism and vitamin D 
insufficiency as it is unknown how much of a benefit in secondary hyperparathyroidism 
would be observed in subjects with higher baseline levels of vitamin D. That said, it needs 
to be emphasized that the indication is still for the treatment of secondary 
hyperparathyroidism and not for vitamin D insufficiency. 

Other relevant inclusion criteria
o Serum Ca 8.4 mg/dL and <9.8 mg/dL

The upper limit of normal for calcium is 10.2mg/dL so subjects were chosen who were at 
less risk of developing hypercalcemia given that treatment with Rayaldee could result in 
at least transient increases in calcium. That said the applicant is proposing to include a 
baseline serum calcium level <9.8 mg/dL in the Rayaldee label in the Dosage and 
Administration section, which would be appropriate as the safety of subjects with higher 

Reference ID: 3898321



Clinical Review
{William Lubas M.D., Ph.D.} 
{NDA 208010}
{Rayaldee (calcifediol) extended-release capsules}

CDER Clinical Review Template 2015 Edition 33
Version date: June 25, 2015 for initial rollout (NME/original BLA reviews)

baseline serum calcium levels was not adequately studied in this clinical program. Of not 
mean calcium levels did not change much in this study population, between 0.1 and 
0.2mg/dL but that standard deviation was as high as 0.5 in some of the treatment groups 
(see Table 22 Summary of Clinical Safety). 

o Serum P 2.0 mg/dL and <5.0 mg/dL
There is less concern about toxicity due to elevation in serum phosphorous above the 
upper limit of normal, so use of 5.0mg/dL was acceptable. 

Study Endpoints 

Calderol (calcifediol, 25-OH vitamin D) was initially approved in 1980 in dialysis patients with 
secondary hyperparathyroidism with limited bone biopsy data that demonstrated “a decrease 
in histological signs of hyperparathyroid bone disease and mineralization defects in some 
patients” (see Calderol PI) suggesting that lowering of iPTH levels in CKD patients with 
secondary hyperparathyroidism would lead to a decrease in bone turnover and improvement in 
bone structure.  

Calcitriol, an active vitamin D analog (1,25-diOH vitamin D), was also initially approved with 
bone biopsy data that showed improvement in bone histomorphometry along with a tendency 
to lower PTH in the predialysis secondary hyperparathyroidism population (NDA 18044, S-025). 
This medical reviewer was able to locate the original review from 1998 to help in the 
preparation of this review. The primary study in the calcitriol submission included 51 predialysis 
patients randomized to calcitriol (0.25 - 1mcg/day) vs. placebo and titrated to optimal dose 
during one year of treatment. Bone biopsies relative to baseline were available on 16 calcitriol 
patients compared to 15 placebo patients. According to the FDA statistician’s review the 
sponsor’s analysis of covariance showed 4 out of 7 variables of the Bone Histomorphometric 
Measurements were statistically significant and 3 showed trends in favor of Calcitriol. With 
respect to the PTH assay there was a 25% decrease from baseline in PTH in patients in the 
calcitriol group compared to a 9% decrease in the placebo group but the results were not 
statistically significant (p=0.3). However at the time these studies were performed, pre-1997, 
the PTH assay was suspect as it was not clearly measuring intact PTH (iPTH). Additional 
supportive data from this submission was a 27% decrease in alkaline phosphatase in the 
patients in the calcitriol group compared to a 4% decrease in the placebo group which was 
statistically significant (p<0.05). Bone specific alkaline phosphatase (BALP) which is commonly 
used as a current more specific biomarker of bone turnover was not available when this study 
was performed.  Both alkaline phosphatase and BALP are available in this Rayaldee submission 
as supportive data. The original submission also included additional information from the 
literature that showed heterogeneous improvement in different bone histomorphometric 
parameters which correlated with the use of calcitriol or another vitamin D analog, alfacalcidiol, 
which is not currently approved in the US.  In one study in which PTH data was available 
calcitriol decreased PTH by 28% compared to a decrease of 10% on placebo, but the results 
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were also not statistically significant. In one 30 month open label study calcitriol decreased PTH 
by 25%. In one study with calcitriol and one study with alfacalcidiol the PTH differences 
between active drug and placebo were statistically significant but the individual values were 
not reported. And in a final study with calcitriol, DEXA was used to look at BMD instead of doing 
bone biopsies to measure bone histomorphometry and it showed increases in BMD in the 
proximal femur and lumbar spine associated with 30% decreases in iPTH (intact PTH) compared 
to 24 % increases in the placebo after 12 months of treatment. 

With the improvement in the reliability of the iPTH assay the Division has since approved two 
other active vitamin D analogs for the treatment of secondary hyperparathyroidism in the 
predialysis population using iPTH as a surrogate for improvement in bone turnover and 
structure. Hectorol was approved in 2004 using mean change in iPTH from baseline compared 
to placebo as the primary endpoint and Zemplar was approved in 2005 using two consecutive 
decreases of 30% or greater in iPTH from baseline compared to placebo as the primary 
endpoint. 

That said there is still a large amount of debate in the field over what iPTH goals would be 
optimal for different stages of CKD and what changes would represent a clinical benefit, with 
respect to less metabolic bone disease and less calcification of cardiovascular and renal tissues. 
The fact that patients with CKD show skeletal resistance to PTH leads to the current 
recommendations that PTH levels should be at least two times the normal range in dialysis 
patients as over suppression can lead to adynamic bone with negative consequences2. The 
most recent KDIGO guidelines from the International Society of Nephrology issued in 2009 no 
longer recommended a specific iPTH goal for predialysis patients but instead recommended 
treating high serum phosphorous, low serum Ca or vitamin D deficiency as these may improve 
the iPTH level.

Given that the Division had used iPTH as a surrogate for a primary endpoint in the predialysis 
population in the past and without definitive evidence that this was no longer appropriate the 
Division agreed to a responder analysis looking at the percentage of subjects achieving at least 
a 30% reduction in iPTH during the Efficacy Assessment Period (EAP), weeks 20 to 26, as the 
primary endpoint as part of a Special Protocol Agreement (SPA).  We assumed that a substantial 
change of ≥30% in iPTH would be more likely to be associated with improvement in bone 
metabolism and a decrease in soft tissue calcification than the mean change in iPTH which had 
been previously used as a primary endpoint. We also agreed with the applicant that at the 
current time it would be very unlikely to identify enough predialysis patients willing to undergo 
baseline and end of treatment bone biopsies to confirm evidence of improvement in bone 
structure as part of a study of secondary hyperparathyroidism.

2 Clin J Am Soc Nephrol. 2015 Jan 7;10(1):9-11. doi: 10.2215/CJN.11551114. Epub 2014 Dec 16.
Dysphoria induced in dialysis providers by secondary hyperparathyroidism. Soomro IH1, Goldfarb DS2.
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That said, treatment of vitamin D insufficiency with calcifediol in order to result in a decrease in 
PTH levels is consistent with the current KDIGO recommendation from the International Society 
of Nephrology for treatment of secondary hyperparathyroidism in the predialysis patients.

RECOMMENDATIONS3

4.2.1 In patients with CKD stages 3-5 not on dialysis, the
optimal PTH level is not known. However, we suggest
that patients with levels of intact PTH (iPTH) above
the upper normal limit of the assay are first evaluated
for hyperphosphatemia, hypocalcemia, and vitamin
D deficiency (2C).
It is reasonable to correct these abnormalities with
any or all of the following: reducing dietary phosphate
intake and administering phosphate binders, calcium
supplements, and/or native vitamin D (not graded).

4.2.2 In patients with CKD stages 3–5 not on dialysis, in
whom serum PTH is progressively rising and
remains persistently above the upper limit of normal 
for the assay despite correction of modifiable factors,
we suggest treatment with calcitriol or vitamin D
analogs (2C).

 (2C-refers to a weak recommendation with low quality of evidence to support it.) 

Therefore the primary efficacy endpoint for the current submission was a responder analysis 
looking at the number of subjects in the Intent to Treat (ITT) population attaining a mean 
decrease of ≥30% in plasma iPTH from the pre-treatment baseline during the EAP.

• If washout is required: baseline = average of visits 2, 3 and 4
• If washout is not required: baseline = average of visits 1, 3 and 4
• EAP = average of visits 10, 11, 12 and 13 (Weeks 20, 22, 24 and 26)

The number of subjects achieving this level of reduction in iPTH was to be compared between 
the treatment groups (active vs. placebo) across the two stratification subgroups of Stage 3 
(eGFR ≥30 and <60 mL/min/1.73 m2) and Stage 4 (eGFR ≥15 and <30 mL/min/1.73 m2) CKD.

A second secondary endpoint measuring the number of subjects in the ITT population with 
adequate serum total 25-OH vitamin D (≥ 30ng/mL) in the EAP will also be looked at as 
supportive evidence of benefit as it also addresses the KDIGO recommendation, although 
treatment of vitamin D insufficiency in this study population will not be considered as a stand-
alone indication. 

Secondary efficacy endpoints to be tested using the fixed sequential method will undergo the 
following prioritization: 

3 http://www.kdigo.org/clinical practice guidelines/pdf/CKD/KDIGO%20CKD-
MBD%20GL%20KI%20Suppl%20113.pdf KDIGO guidelines for the diagnosis, evaluation, prevention and treatment 
of chronic kidney disease-mineral and bone disorder; Kidney International Supplement 113, Vol 76, August 2009
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1. Number (n, %) of subjects in the Per Protocol (PP) population with a mean 30% 
decrease in plasma iPTH from pre-treatment baseline during the EAP

2. Number (n, %) of subjects in the ITT population with mean adequate serum total
25-OH vitamin D (≥30 ng/mL) during the EAP

Change from baseline in exploratory bone biomarkers, a surrogate for improvement in bone 
turnover and structure, will also be used as supportive evidence of clinical benefit in this study 
population.

Statistical Analysis Plan

See the Rayaldee Statistical Review by Dr. Jiwei He. 

Protocol Amendments

Version 3.0 to 4.0 July 2012 to Oct 2012 CL-3001 (Including but not limited to):
• Increased from 28 days to 2 months or greater the time requirement for subjects to be 

on a stable vitamin D dose prior to randomization, and specified the length of washout 
to be at least 28 days.

Medical Officer’s comments-The increase in the time requirement at a stable dose was made 
at the request of the Division given the 4-wk half-life of serum 25-hydroxyvitamin D3 in the 
target population. 

Version 4.0 to 5.0 CL-3001 & Version 2.0 to 3.0 CL-3002 Oct 2012 to April 2013 
(Including but not limited to):

• Administrative changes reflecting applicant change from Cytochroma to OPKO IP 
Holdings

• Increased the number of clinical study sites in the US from 30 to 40.
• Clarified that the exclusion criteria for pharmacological doses of ergocalciferol or 

cholecalciferol based initially on monthly dosing of ≥50,000IU/1250 μg also refers to  
weekly doses of > 12,000 units and daily doses of >1,600 units

Version 5.0 to 6.0 CL-3001 & Version 3.0 to 4.0 CL-3002 April 2013 to Oct 2013 
(Including but not limited to):

• Removal of upper age limit of >85 years as there was no apparent safety reason to 
exclude the older patients.

• Increased the number of subjects to be screened from 400 to 550 to get 210 eligible 
subjects 

• addition of the exploratory biomarker 24, 25- dihydroxyvitamin D3, which is the 
nonactive metabolite of calcifediol
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Version 2.0 to 3.0 March 2013 to Oct 2013 CL-3003 (Including but not limited to):
• Removal of upper age limit of >85 years as there was no apparent safety reason to 

exclude the older patients.

Version 2.0 to 3.0 Oct 2013 to January 2015 CL-3003(Including but not limited to):
• Administrative changes reflecting applicant change from OPKO IP Holdings to OPKO 

Ireland Global Holdings

Medical Officer’s comments-These changes did not have an impact on the integrity of the 
trial or interpretation of the study results.

Data Quality and Integrity: Sponsor’s Assurance

The sponsor and/or its designee were responsible for monitoring the study in accordance with 
the requirements of the ICH/GCP, and in accordance with written SOPs and the Clinical 
Monitoring Plan. Monitoring visits were to be performed to evaluate study conduct, data 
integrity, protocol, and GCP compliance. The study was to be monitored by the sponsor or 
designee at all stages of study conduct from inception to completion in accordance with current 
ICH/GCP. This monitoring was to be in the form of site visits and other communication and was 
to include review of original source documents, eCRFs, facilities and equipment, recruiting, 
record-keeping, protocol adherence, data collection, AE reporting, and other factors. The 
investigator was to ensure that the monitor or other compliance or quality assurance reviewers 
were given access to all the above noted study-related documents and study-related facilities 
(e.g., pharmacy, diagnostic laboratory, etc.), and had adequate space to conduct the monitoring 
visit. The frequency of these visits was to depend upon the progress of the study. Each 
investigator was to be responsible for the accuracy, completeness, legibility, and timeliness of 
the data reported. All source documents were to be completed in a neat, legible manner to 
ensure accurate interpretation of data. Completed eCRFs were required for each subject 
randomly assigned to study drug. Electronic data entry was accomplished through the 21CFR 
Part-11 compliant eClinical Suite electronic data capture (EDC) application (OmniComm, Fort 
Lauderdale, FL), which allowed for on-site data entry and data management. Furthermore, the 
investigator retained full responsibility for the accuracy and authenticity of all data entered into 
the EDC system. Study data management, monitoring, statistical analysis, and reporting were 
performed by the sponsor using the sponsor’s SOPs. Source documents and laboratory reports 
were to be reviewed to ensure that they were accurate and complete. For consistency of ECG 
data, every effort was to be made to utilize the same facility and reader for all ECGs at each 
site. Central laboratories with inter-laboratory standardization methods were to be used. All 
laboratories used for this study were to have had appropriate accreditation.
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or both
Did not meet Safety Out of range Calcium or 

Phosphorous
35 53

Other Other 53 38
Source Study Report CTAP101-CL-3001, Table 12.1.7 & Study Report CTAP101-CL-3002, Table 
12.1.7

Protocol Violations/Deviations

Table 5 Protocol Deviations

Study 3001 Deviation Reason Deviation Category

CKD Stage 3 
Rayaldee 30mcg

014438 Calcitriol Prohibited concomitant med

043629 Ineligible iPTH and Ca Selection criteria not met
048585 Repeated < 80% adherence Treatment deviation

CKD Stage 4
Rayaldee 30mcg

003603 Calcitriol and non adherence Prohibited concomitant med

007426 Repeated < 80% adherence Treatment deviation
009571 Vitamin D 100,000 QW Prohibited concomitant med
022305 Calcitriol 0.25 TIW Prohibited concomitant med

Placebo Stage 4 014263 Repeated < 80% adherence Treatment deviation
022292 Calcitriol 0.5 QD Prohibited concomitant med

Study 3002 Deviation Reason Deviation Category
CKD Stage 3 
Rayaldee 30mcg

102469 Blind broken Unblinded subject

103023 Calcitriol 0.25 QD Prohibited concomitant med
103036 Ineligible PTH Selection criteria not met
120470 Ineligible Ca Selection criteria not met
144474 Ineligible Ca Selection criteria not met

CKD Stage 3 
Placebo

103083 Repeated < 80% adherence Treatment deviation

124498 Ineligible PTH Selection criteria not met
CKD Stage 4
Rayaldee 30mcg

113425 Ineligible Ca Selection criteria not met

115520 Repeated < 80% adherence Treatment deviation
142408 Ineligible Ca Selection criteria not met

CKD Stage 4
Placebo

144576 Ineligible Ca Selection criteria not met
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Source Study Report CTAP101-CL-3001, Listing 14.2.1 & Study Report CTAP101-CL-3002, Listing 
14.2.1

Protocol deviations did not affect the integrity of the efficacy or safety results. 

Table of Demographic Characteristic

Table 6 Baseline Demographics in Pivotal Studies

Source Tables 8 and 9 CTAP101-CL-3001 and -3002 Clinical Study Reports 

These studies enrolled primarily Caucasian subjects (60-68%), followed by blacks (30 to 35%) 
and very few patients from other races (1 to 4%). While the percentage of blacks in the study 
population is higher than in the general population this is consistent with the greater incidence 
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of renal disease in this population due to the higher rates of diabetes and hypertension. Most 
patients were elderly (63% ≥65 years of age and 22% ≥75 years of age) and obese with a mean 
BMI of 34 to 35kg/m2. 

The baseline demographics were similar between the placebo and treatment groups in both 
clinical studies CTAP101-CL-3001 and -3002, except for slightly less women in the CTAP101-CL -
3001 placebo group (45.8%) and slightly more women in the CTAP101-CL-3002 placebo (54.2%). 
These slight differences should average out over the two trials and are unlikely to be of clinical 
relevance. There were also no significant differences in these same subject demographics 
between treatment groups when studies are pooled by CKD stage (see Table 5 applicant’s 
Summary of Clinical Safety). 

The primary cause of CKD was diabetes mellitus, followed by hypertension in both groups, with 
very few subjects with other causes for CKD (see below). In general medical histories for 
hypertension, proteinuria, obesity, hyperlipidemia, and anemia were similar between 
treatment groups when studies were pooled by CKD stage (see Table 7 applicant’s Summary of 
Clinical Safety).

Table 7 Baseline Causes for CKD in the Pivotal Studies

Source Table 5 ISS 

Baseline medical history reported by > 25% of subjects was similar between Placebo and 
Rayaldee treatment groups as shown in Table 8, except that baseline rates for anemia, back 
pain, osteoarthritis and depression was slightly more frequent in the placebo groups. As 
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expected anemia, proteinuria, diabetes and hyperlipidemia were more common in Stage 4 CKD 
compared to Stage 3 CKD. 

Medical Officer’s comments-
It is unknown if the slight differences in medical history impacted on the efficacy or 
safety observed in the pivotal studies. 

Table 8 Medical History Reported by >25% of Subjects in any Treatment Group

Source Table 7 ISS aThe applicant acknowledges that the event rates for hyperparathyroidism secondary, vitamin D deficiency and 
renal failure chronic, were lower than expected as they were not required to be recorded in the Medical History section of the CRF given that 
they were inclusion criteria in the study protocol. 

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

 Treatment Compliance-
In the 6-month pivotal studies, CTAP101-CL-3001 or CTAP101-CL-3002, compliance was over 
95% in the ITT populations and was similar between active and placebo. Dosing compliance 
decreased somewhat in study CTAP101-CL-3003 but was over 80% for both the 6-month and 
the 12-month groups. 
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Concomitant Medications-
There were no significant differences in the proportion of subjects taking various therapeutic 
groups of concomitant meds between treatment groups when studies are pooled by CKD stage 
(see Table 9 applicant’s Summary of Clinical Safety).

Rescue Medication-
Not applicable

Efficacy Results – Primary Endpoint

The primary efficacy endpoint was a responder analysis looking at the number and 
percent (n, %) of subjects in the ITT population attaining a mean decrease of ≥30% in 
plasma iPTH from pre-treatment baseline during the EAP, weeks 20 to 26. Subjects who 
discontinued from the study prior to the EAP or did not have at least two plasma iPTH 
determinations in the EAP were considered non-responders. Table 9 shows the 
applicants analysis of the data which shows statistically significant results for both the 
Stage 3 (p=0.012) and Stage 4 CKD (p=0.003) populations and the Total population 
(p<0.0001). The study results in the two CKD subgroups are considered statistically 
significant as the study was designed to be powered to look at these individual 
subgroups. The primary analysis performed by the applicant was confirmed by the FDA’s 
statistical analysis.  

Table 9 Primary Endpoint for Study CTAP101-CL-3001- Responders with a ≥30 % Reduction in 
iPTH during the EAP (ITT Population)

Source Study CTAP101-CL-3001 CSR Table 14

Given that studies CTAP101-CL-3001 and CTAP101-CL-3002 had similar study designs the data 
was pooled and the primary endpoint demographic subgroup analysis is presented in Section 
7.1.3. 

Data Quality and Integrity – Reviewers’ Assessment 
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This medical reviewer agrees with OSI’s assessment of the clinical inspection sites, See Section 
4.1. 

Efficacy Results – Secondary and other relevant endpoints

Both secondary efficacy endpoints were prespecified to be tested using a hierarchical testing 
approach and were found to be statistically significant: 

1. The number of subjects in the PP population attaining a ≥30% mean decrease in 
plasma iPTH between the pre-treatment baseline and EAP, 

Table 10 Secondary Endpoint for Study CTAP101-CL-3001- Responders with a ≥30 % Reduction 
in iPTH during the EAP (PP Population)

Source Study CTAP101-CL-3001 CSR Table 15

2. The number of subjects in the ITT population attaining a normal serum total 25-OH 
vitamin D of ≥30ng/mL during the EAP. 

Table 11 Secondary Endpoint for Study CTAP101-CL-3001-Responders with Normal Serum 
Total 25-hydroxyvitamin D (≥30 ng/mL) during the EAP by Treatment Group (ITT Population)

Source Study CTAP101-CL-3001 CSR Table 16
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In addition to the prespecified endpoints it is helpful to look at the effects of Rayaldee 
compared to placebo with respect to time. The following analyses performed by the applicant 
show the effect of treatment with Rayaldee compared to placebo on serum iPTH (Fig. 2), 25-OH 
vitamin D (Fig. 3) and 1,25 di-OH vitamin D (Fig. 4) with respect to time. 

There was a clear difference between the placebo and Rayaldee treatment groups in the 
percent change from baseline in plasma iPTH by week 8. The percent change in iPTH from 
baseline continued to decrease in the Rayaldee treatment groups over the rest of the study 
reaching a plateau during the EAP weeks 20 to 26, with similar responses in both the Stage 3 
and Stage 4 subgroups. In contrast, there appears to be a slight increase in the percent change 
from baseline in iPTH in the placebo treatment groups. 

Figure 2 Percent Change from Baseline in iPTH in Study CTAP101-CL-3001 (PP Population)

Source Study CTAP101-CL-3001 CSR Fig. 3
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There is a clear difference between treatment groups in 25 OH-vitamin D levels between the 
placebo and Rayaldee treatment groups at the first measurement at week 4. Mean serum 25-
OH vitamin D levels increased over time in the Rayaldee treatment groups reaching a plateau 
around 65ng/mL during the EAP, weeks 20 to 26, with similar results for both Stage 3 and Stage 
4 CKD. Mean serum 25-OH vitamin D levels appeared to decrease slightly over the course of the 
26 week study in the placebo group again with similar results for both Stage 3 and Stage 4 CKD.  

Figure 3 Mean (±SEM) Total 25-OH vitamin D by Treatment Group and by CKD Stage in Study 
CTAP101-CL-3001 (PP Population)

Source Study CTAP101-CL-3001 CSR Fig. 4
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Serum 1,25-diOH vitamin D levels appear slightly higher at baseline in the Stage 3 vs. Stage 4 
subgroup, which is consistent with the lower level of secondary hyperparathyroidism in these 
patients with less severe renal disease. There is a clear increase in 1,25-diOH vitamin D levels 
between the placebo and Rayaldee treatment groups at the first measurement at week 8. The 
difference seen with Rayaldee treatment compared to placebo is more pronounced in the Stage 
3 subgroup.  In the Stage 4 subgroup 1,25-diOH vitamin D levels appear to increase from 
baseline in the placebo group as well so that at week 26 there is no clear difference between 
treatment groups. 

Figure 4 Mean (±SEM) Concentrations of Serum Total 1,25-diOH Vitamin D by Treatment 
Group Study CTAP101-CL-3001 (PP Population)

Source Study CTAP101-CL-3001 CSR Fig. 5

Exploratory endpoints included the following serum biomarkers of excessive bone turnover: 
Bone Specific Alkaline Phosphatase, Procollagen 1 N-terminal ProPeptide, and Type 1 collagen 
C-Telopeptide. Statistical analysis of these endpoints generated p-values which were not 
corrected for multiplicity. Stage 4 CKD data alone and the combined Stage 3 and 4 CKD data 
gave p-values < 0.05 for all three of these biomarkers at Visit 13 (Week 26). These findings are 
consistent with an improvement in excessive bone turnover with treatment of secondary 
hyperparathyroidism. However, the Stage 3 CKD data alone showed no difference between 
treatment with Rayaldee and placebo. It maybe that given that Stage 3 subjects have lower 
iPTH levels due to less severe hyperparathyroidism at baseline that they may also have less 
benefit with respect to a decrease in bone remodeling. 
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Table 12 Bone Biomarkers % Change from Baseline CTAP101-CL-3001 (ITT Population)

 
Source Table 12.5.1.1 CTAP101-CL-3001 Clinical Study Table and Figures.pdf 

Dose/Dose Response

There is a clear dose response with respect to both the change in iPTH (see Fig. 3) and 
total serum 25-OH vitamin D level (see Fig. 4) from the 30mcg dose at week 12 to the 
EAP, between weeks 20 to 26, after the dose is titrated up to 60mcg dose in most 
(approximately 70%) patients. This is consistent with the Phase 2 study CTAP101-CL-
2008 results which showed a mean decrease in iPTH from baseline of -20, -32, and % 
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(p<0.0001). The study results in the two CKD subgroups are considered statistically 
significant as the study was designed to be powered to look at these individual 
subgroups. The primary analysis performed by the applicant was confirmed by the FDA’s 
statistical analysis and is similar to the results seen previously in Study CTAP101-CL-
3001.

Table 13 Primary Endpoint for Study CTAP101-CL-3002- Responders with a ≥30 % Reduction in 
iPTH during the EAP (ITT Population)

Source Study CTAP101-CL-3002 CSR Table 14

Data Quality and Integrity – Reviewers’ Assessment 

This medical reviewer agrees with OSI’s assessment of the clinical inspection sites, See Section 
4.1. 

Efficacy Results – Secondary and other relevant endpoints

Both secondary efficacy endpoints were prespecified to be tested using a hierarchical testing 
approach and were found to be statistically significant: 

1. The number of subjects in the PP population attaining a ≥30% decrease in mean 
plasma iPTH between pre-treatment baseline and the EAP.
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Table 14 Secondary Endpoint for Study CTAP101-CL-3002- Responders with a ≥30 % Reduction 
in iPTH during the EAP (PP Population)

Source Study CTAP101-CL-3002 CSR Table 15

2. The number of subjects in the ITT population attaining a normal serum total 25-OH 
vitamin D of ≥30ng/mL during the EAP. 

Table 15 Secondary Endpoint for Study CTAP101-CL-3001-Responders with Normal Serum 
Total 25-hydroxyvitamin D (≥30 ng/mL) during the EAP by Treatment Group (ITT Population)

Source Study CTAP101-CL-3002 CSR Table 16

In addition to the prespecified endpoints it is helpful to look at the effects of Rayaldee 
compared to placebo with respect to time. The following analyses performed by the applicant 
show the effect of treatment with Rayaldee compared to placebo on serum iPTH (Fig. 5), 25-OH 
vitamin D (Fig. 6) and 1,25 di-OH vitamin D (Fig. 7) with respect to time. 
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There was a clear difference between the placebo and Rayaldee treatment groups in the 
percent change from baseline in plasma iPTH by week 8. The percent change in iPTH from 
baseline continued to decrease in the Rayaldee treatment groups over the rest of the study 
reaching a plateau during the EAP weeks 20 to 26, with similar responses in both the Stage 3 
and Stage 4 subgroups, and similar to what was seen in Study CTAP101-CL-3001. In contrast, 
there appears to be a slight increase in the percent change from baseline in plasma iPTH in the 
CKD Stage 4 placebo treatment group and no change from baseline in the CKD Stage 3 placebo 
treatment group. 

Figure 5 Percent Change in iPTH from Baseline in Study CTAP101-CL-3002 (PP Population)

Source Study CTAP101-CL-3002 CSR Fig. 3
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There is a clear difference between treatment groups in 25-OH vitamin D levels between the 
placebo and Rayaldee treatment groups at the first measurement at week 4. Mean serum 25-
OH vitamin D levels increased over time in the Rayaldee treatment groups reaching a plateau 
around 65ng/mL during the EAP, weeks 20 to 26, with similar results for both Stage 3 and Stage 
4 CKD. Mean serum 25-OH vitamin D levels appeared to decrease slightly or remain unchanged 
over the course of the 26 week study in the placebo group again with similar results for both 
Stage 3 and Stage 4 CKD. These results are similar to what was seen in Study CTAP-CL-3001.  

Figure 6 Mean (±SEM) Total 25-OH vitamin D by Treatment Group and by CKD Stage in Study 
CTAP101-CL-3002 (PP Population)

Source Study CTAP101-CL-3002 CSR Fig. 4
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Serum 1,25-diOH vitamin D levels appear slightly higher at baseline in the Stage 3 vs. Stage 4 
subgroup, which is consistent with the lower level of secondary hyperparathyroidism in these 
patients with less severe renal disease. There is a clear increase in 1,25-diOH vitamin D levels 
between the placebo and Rayaldee treatment groups at the first measurement at week 8. The 
difference seen with Rayaldee treatment compared to placebo is more pronounced in the Stage 
3 subgroup.  In the Stage 4 subgroup 1,25-diOH vitamin D levels appear to increase from 
baseline as well so that at week 26 there is no clear difference between treatment groups. 
These results are similar to what was seen in Study CTAP-CL-3001.  

Figure 7 Mean (±SEM) Concentrations of Serum Total 1,25-diOH Vitamin D by Treatment 
Group in Study CTAP101-CL-3002 (PP Population)

Source Study CTAP101-CL-3002 CSR Fig. 5

Exploratory endpoints included the following serum biomarkers of excessive bone turnover: 
Bone Specific Alkaline Phosphatase, Procollagen 1 N-terminal ProPeptide, and Type 1 collagen 
C-Telopeptide. Statistical analysis of these endpoints generated p-values which were not 
corrected for multiplicity. Stage 4 CKD data alone and the combined Stage 3 and 4 CKD data 
gave p-values < 0.05 for all three of these biomarkers at Visit 13 (Week 26). These findings are 
consistent with an improvement in excessive bone turnover with treatment of secondary 
hyperparathyroidism in these study populations. However, the Stage 3 CKD data alone which 
showed no difference between treatment with Rayaldee and placebo in study CTAP101-CL-
3001 had two of the three biomarkers with p-values < 0.5 in study CTAP-CL-3002 (see highlights 
in Table 16). 
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Table 16 Bone Biomarkers % Change from Baseline CTAP101-CL-3002 (ITT Population)

Source Table 12.5.1.1 CTAP101-CL-3002 Clinical Study Table and Figures.pdf

Dose/Dose Response

There is a clear dose response from the 30mcg dose at week 12 to the EAP between wks 
20 to 26  after the dose was titrated up to 60mcg dose in most (approximately 70%) 
patients with respect to both the change in iPTH (see Fig. 5) and total serum 25-OH 
vitamin D level (see Fig. 6). This is consistent with the Phase 2 study CTAP101-CL-2008 
and CTAP101-CL-3001 pivotal study results described previously in 6.1.2. 
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an active vitamin D analog [e.g. 0.25 μg calcitriol (Rocaltrol®), 0.5 μg doxercalciferol (Hectorol®) 
or 1 μg paricalcitol (Zemplar®) daily] as adjunctive therapy.

Figure 8 Study Design for CTAP101-CL-3003
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Table 17 Schedule of Events for CTAP101-CL-3003

Additional Inclusion Criteria for CTAP101-CL3003 (including but not limited to):

• Completed either CTAP101-CL-3001 or CTAP101-CL-3002 
• Continuing the same restrictions on use of elemental calcium, and vitamin D therapy 
• Continuing to use effective birth control as in the earlier study if needed

Additional Exclusion Criteria for CTAP101-CL3003 (including but not limited to):

• Use of pharmacological dose of ergocalciferol and cholecalciferol (monthly equivalent of
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Table 18 Number and Percentage of Subjects with iPTH Reduction of ≥30% at End of 
Treatment Excluding Subjects Randomized to Adjunctive Therapy

Source Study CTAP101-CL-3003 CSR Table 13

In contrast, treatment with active vitamin D analogs resulted in greater responder rates with 
respect to iPTH lowering with p-values less than 0.05 for CKD Stage 4 and Total patients. While 
the benefit appears to be greatest in the Stage 4 subjects with more severe renal disease and 
higher baseline serum iPTH, given that the study was underpowered it seems likely it could 
have resulted in p-values < 0.05 in the Stage 3 subjects as well if there had been more patients 
randomized. These data suggest there could be additional benefit to treatment with active 
vitamin D analogs even after 25-OH vitamin D levels are normalized with Rayaldee (see 
Secondary Endpoints below for 25-OH vitamin D results which show that these patients 
continued to have normal 25-OH vitamin D levels during this open label extension). However 
these patients were at a higher risk of having low iPTH levels (See section 8.4.6 LOW iPTH 
LEVELS, 12 of the 26 subjects with iPTH levels < 30pg/mL or 46% were on adjunctive therapy). 

Table 19 Number and Percentage of Subjects with iPTH Reduction of ≥30% at End of 
Treatment after Being Randomized to Standard of Care or Adjunctive Therapy with an Active 
Vitamin D Analog at Visit 5 (week 12, ITT Population) 

Source Study CTAP101-CL-3003 CSR Table 14

Reference ID: 3898321



Clinical Review
{William Lubas M.D., Ph.D.} 
{NDA 208010}
{Rayaldee (calcifediol) extended-release capsules}

CDER Clinical Review Template 2015 Edition 61
Version date: June 25, 2015 for initial rollout (NME/original BLA reviews)

Data Quality and Integrity – Reviewers’ Assessment 

This medical reviewer agrees with OSI’s assessment of the clinical inspection sites, See Section 
4.1. 

Efficacy Results – Secondary and other relevant endpoints

Medical Officer’s comments-Only the secondary endpoint of serum total 25-
hydroxyvitamin D will be discussed from this trial.

Excluding patients randomized to adjunctive therapy with active vitamin D analogs, there was 
no statistically significant increase in the percentage of responders at 12 months compared to 6 
months. 

Table 20 Number and Percentage of Subjects with Normalization of Serum Total 25-OH 
Vitamin D (≥30ngmL) at End of Treatment at 12Months Excluding Subjects Randomized to 
Adjunctive Therapy (ITT Population)

 

Source Study CTAP101-CL-3003 CSR Table 18
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Comparing subjects randomized to (adjunctive therapy with an active vitamin D analog) to 
(standard of care) also resulted in no statistically significant change in the percentage of 
subjects with normal serum total 25-OH vitamin D at 12 months compared to 6 months, though 
an analysis performed by the applicant suggested a trend for fewer subjects with normalized 
25-hydroxyvitamin D levels in the subgroup receiving adjunctive therapy (p=0.08, PP analysis 
data not shown). The applicant suggested that this may represent an increase in metabolism of 
vitamin D stimulated by the active vitamin D analogs. Even if that did turn out to be the case it 
is a moot point as there was greater lowering of serum iPTH levels in the adjunctive therapy 
group despite the lower serum total 25-OH vitamin D levels. 

Table 21 Number and Percentage of Subjects with Normalization of Serum Total 25-OH 
Vitamin D (≥30ngmL) at End of Treatment at 12Months after Being Randomized to Standard 
of Care or Adjunctive Therapy with an Active Vitamin D Analog (ITT Population)

 

Source Study CTAP101-CL-3003 CSR Table 19

Dose/Dose Response

This extension study was not designed to look at drug dose response. That said, most patients 
between 70 and 80% were titrated up to the maximal dose of 60mcg looking at pooled data 
from all three studies.

Table 22 Proportion of Subjects Titrated Up to a Maximum Dose of 30 or 60 mcg/day in the 
ITT  Population (Pooled Data at EOT from Studies CTAP101-CL-3001, CTAP101-CL-3002 and 
interim data from CTAP101-CL-3003 )

Source Summary of Clinical Efficacy Table 25
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Figure 9 Proportion of Subjects on a Maximum Dose of 30 or 60 mcg/day in the ITT  
Population (Studies CTAP101-CL-3001, CTAP101-CL-3002 and interim data from CTAP101-CL-
3003 )

Source Summary of Clinical Efficacy Fig. 29

Durability of Response

Comparing the study dose at the end of the first 6 months of treatment in studies CTAP101-CL-
3001 and CTAP101-CL-3002 with data from subjects who received an additional 6 months of 
continuous treatment in CTAP101-CL-3003 at the same dose confirms the durability of the 
response and shows that the maximal response is seen during the first 6 months of therapy for 
most patients. 

Reference ID: 3898321



Clinical Review
{William Lubas M.D., Ph.D.} 
{NDA 208010}
{Rayaldee (calcifediol) extended-release capsules}

CDER Clinical Review Template 2015 Edition 64
Version date: June 25, 2015 for initial rollout (NME/original BLA reviews)

Figure 10 Percent Change from Baseline in iPTH with Respect to Time, Combined data from 
CTAP101-CL-3001, CTAP101-CL-3002 and Interim CTAP101-CL-3003 (PP Population)

Source ISE Fig. 14

The observed response rates were 21% after 12 weeks on 30mcg, 33% after 26 weeks of 
treatment and 37% after 52 weeks on either 30 or 60mcg, compared with <8% for placebo 
(p<0.001) in the ITT population (see Table 23). These data indicate that there is no long-term 
loss in efficacy in the treatment of secondary hyperparathyroidism.

Table 23 Proportion of Subjects with ≥30% Reduction from Baseline over Time (CTAP101-CL-
3001, CTAP101-CL-3002 and Interim CTAP101-CL-3003)
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However it is unknown if patients with secondary hyperparathyroidism with normal total 25-OH 
vitamin D levels at baseline would have a similar response, therefore this medical reviewer 
would not recommend treatment for that population as part of this current indication.

The primary endpoint for each of the pivotal trials was statistically significant for both Stage 3 
and Stage 4 CKD as described previously in sections 6.1.2 and 6.2.2. Given that the two studies 
used identical protocols it is acceptable to pool the data which is presented here in Table 24 
and used to generate greater statistical power to look at individual subgroups in section 7.1.3 
Subpopulations. Table 24 shows that both Stage 3 and Stage 4 CKD patients have statistically 
significant reductions of ≥30% in serum iPTH when treated with Rayaldee compared to placebo, 
in both the ITT population (the primary endpoint) and the PP population (the first hierarchical 
secondary endpoint).

Table 24 Responders with ≥30% Reduction in iPTH during the EAP in the ITT Population 
(Primary Endpoint) and in the PP Population (1st Secondary Endpoint (PP) Tested Using a 
Hierarchical Testing Approach)(Pooled CTAP101-CL-3001 and CTAP101-CL-3002)

Source Table 13 Summary of Clinical Efficacy

While a 30% reduction in iPTH was chosen as a surrogate for clinical efficacy, it does not 
necessarily mean that individual subjects had decreases in plasma iPTH into a normal range for 
the assay e.g. 30 - 70pg/mL if they had baseline iPTH levels above 100pg/mL.  Another 
alternative approach to assess the clinical relevance of a decrease in iPTH would be to look at 
the number subjects whose plasma iPTH levels dropped into a range considered as normal for 
the general population. 
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vs. black). There was a trend suggesting a better response in older patients which was more 
easily seen in the Stage 4 population, and in subjects without a history of diabetes mellitus, 
seen equally in both Stage 3 and 4 populations. However, such results would need to be 
reproduced before they could be included in labeling. 

Figure 11 Proportion of Subjects with Mean Plasma iPTH Reduction of ≥30% from Baseline by 
Treatment Group and CKD Stage during EAP in the PP Population (Pooled Data from Studies 
CTAP101-CL-3001 and CTAP101-CL-3002)

With respect to the secondary endpoint of normalization of serum total 25-OH vitamin D levels 
the responder rate was consistently higher in all the study subgroups with Rayaldee treatment 
compared to placebo, with > 85% of the individual study subpopulations showing a response 
with active drug compared to <25% of the individuals treated with placebo. There was no clear 
difference in efficacy based on gender, or race (white vs. black), age subgroups (<65, 65-75, 
>75yrs), or medical history of diabetes mellitus. 
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Table 28 Duration of Exposure

Source Table 3 120-Day Safety Update

Medical Officer’s comments-
The level of exposure is at the lower limit of the ICH E1 guidelines for chronically 
administered medications, e.g. 300 to 600 patients at 6 months and 100 patients at 1 
year. This was considered acceptable by the Division at the EOP2 meeting given that an 
immediate release formulation of calcifediol had been previously marketed in the CKD 
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Table 31 SAEs by Preferred Term in > 1.5% of Subjects by Treatment Group and CKD Stage

Source Table 11 of ISS, The highlighted AEs are discussed in the text above.
Highlights refer to the AEs that were more common in the Rayaldee group, had the greatest differences between 
treatment groups and are discussed in more detail in the above text. The left side of this figure deals with subjects 
treated for up to 26 weeks with Rayaldee in studies, 2008, 3001, 3002 or 3003. The right side of this figure deals 
with subjects treated with Rayaldee from 26 to 52 wks in the open label extension 3003.

CHF (3.0% vs. 0%)-
For subjects treated for up to 26 wks during the Phase 3 trials 13 (3.0%) had a TEAE of “cardiac 
failure congestive” compared to 0 (0%) of such patients in the placebo group (see Left side of 
Table 31). For subjects who enrolled in the open label extension for an additional 26 wks, i.e. 
wks 26 through 52 (see Right Side of Table 31), the event rate stayed about the same at 2.6% 
for the combined CKD Stage 3 & 4 patients suggesting there was no large increase in frequency 
with longer duration in treatment. However, only about 70% of the patients continued into the 
open label extension for an additional 26 wks of treatment so it is possible that the more 
susceptible subjects may have already dropped out and the results are underestimating the 
true event rate with longer duration in treatment. 

Looking more closely at other possible Preferred Terms in the Adverse Event dataset that may 
have been related to CHF, and focusing solely on the serious events in pivotal trials 3001 and 
3002, this medical reviewer identified one placebo patient with events of “pulmonary edema” 
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and “cardiac failure”, and four additional Rayaldee-treated patients, one with “cardiac failure”, 
one with “cardiac failure acute” and two with “fluid overload” which are listed along with the 
serious cases of “cardiac failure congestive” in Table 32.  The net result is serious CHF-related 
events occurred in one placebo patient, and 13 patients randomized to Rayaldee. Of the 13 
patients randomized to Rayaldee two only had episodes of CHF during the screening period 
prior to randomization and so were not drug-related, while eleven had events during the 
double blind treatment phase (5 on 30mcg and 6 on 60mcg). The dose refers to treatment 
during the first episode of CHF while on Rayaldee. Of the eleven patients with events during 
treatment with Rayaldee during the initial double-blind treatment phase six were enrolled into 
the open label extension and four of them continued to have more events during the open 
label extension. 

Table 32 Serious Events of Congestive Heart Failure or Related Preferred Terms in Studies 
CTAP101-CL-3001 and CTAP101-CL-3002

Preferred Term User ID Treatment

Events
Double-blind 

period
3001 or 3002

Events 
Open label 
extension

3003
Acute pulmonary oedema
Cardiac failure CTAP101-CL-3002-125-131 PLACEBO 3

1 after drug 
discontinued

Cardiac failure congestive CTAP101-CL-3001-047-620 Predose only 0 Not enrolled
Fluid overload CTAP101-CL-3002-104-322 Predose only 0 0

Cardiac failure congestive CTAP101-CL-3001-001-556 RAYALDEE 30mcg

3
1 after drug 
discontinued 
at end of the 

study Not enrolled 
Cardiac failure congestive CTAP101-CL-3001-011-174 RAYALDEE 30mcg 1 Not enrolled
Cardiac failure congestive CTAP101-CL-3001-022-305 RAYALDEE 30mcg 1 Not enrolled

Cardiac failure congestive CTAP101-CL-3002-113-425 RAYALDEE 30mcg 1

3 on drug
1 after drug 
discontinued 
resulted in 

death
Cardiac failure congestive CTAP101-CL-3002-137-356 RAYALDEE 30mcg 2 1

Cardiac failure congestive CTAP101-CL-3001-037-549 RAYALDEE 60mcg 1 0
Cardiac failure congestive CTAP101-CL-3001-046-618 RAYALDEE 60mcg 1 0

Cardiac failure acute CTAP101-CL-3002-131-042 RAYALDEE 60mcg 1

1 on drug
2 more 

after drug 
discontinued

Cardiac failure congestive CTAP101-CL-3002-143-415 RAYALDEE 60mcg 1 1
Cardiac failure CTAP101-CL-3002-121-371 RAYALDEE 60mcg 1 Not enrolled
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Fluid overload CTAP101-CL-3001-007-301 RAYALDEE 60mcg 1 Not enrolled
Preferred Term Data derived from ADAE datasets from studies 3001 and 3002 using Jmp software. Treatment 
and Events were determined from study narratives and describes treatment at time of first event of CHF if there 
were multiple events. Patients with events only during the screening period are labeled as “Predose only”.  

In order to better analyze the potential drug effect of Rayaldee contributing to CHF this medical 
reviewer summarized the relevant material from each of the case narratives for each of the 
patients in Table 32:

PLACEBO PATIENT-
CTAP101-CL-3002-125-131 was a 70 year old black male with a history of CHF, peripheral vascular 
disorder, diabetes, nephrectomy, hypertension, edema and COPD. On Study Day 16 while in the placebo 
group, he developed shortness of breath with a CXR consistent with CHF. He was diuresed during the 
hospitalization for “cardiac failure” and the event was considered resolved on Study Day 18. On Study 
Day 43 he was again hospitalized. This time for “pulmonary edema” which again responded to diuresis 
and he was discharged on Study Day 45. On Study Day 89 he was hospitalized for another SAE of 
“pulmonary edema” and hypertension. The event was reported as resolved on Study Day 92. On Study 
Day 112 he was hospitalized for hypotension due to over aggressive diuresis requiring hydration and 
adjustment of his diuretic and blood pressure medications. The event was resolved on Study Day 119. 
The subject went on to complete Day 182 of the study and was enrolled in the open label extension 3003 
on 30mcg of Rayaldee. During the open label extension he was hospitalized for complications with his 
diabetes and exacerbation of his COPD. He had stopped the study medication on his own prior to these 
events and later was hospitalized on Study Day 102, 74 days after the last dose of Rayaldee for another 
episode of CHF. This event was considered resolved on Study Day 108. 

Medical Officer’s comments- Given that the three episodes of CHF occurred while on placebo 
during study 3002 and the fact that Rayaldee 30mcg had been discontinued 74 days prior to the 
episode of CHF in the open label extension 3003, this case does not provide evidence for a 
Rayaldee-related effect on CHF.

RAYALDEE PATIENTS-
CTAP101-CL-3001-047-620 was a 70 year old Caucasian female with a history of CHF, diabetes, 
hypertension and edema. She was admitted for diuresis for an episode of CHF on Study Day( -47) which 
was considered resolved by Study Day (-45) prior to randomization into the study. On Study Day 162 
while on Rayaldee 60mcg since Study Day 84, she was admitted with vomiting and diarrhea due to a viral 
gastroenteritis which resulted in acute renal failure. The events of viral gastroenteritis and acute renal 
failure were considered resolved on Study Day 166, and the subject went on to complete the study on 
Study Day 192. She was not enrolled into the open label extension 3003.

Medical Officer’s comments-This subject’s only episode of CHF occurred prior to study drug 
administration on Study Day (-47) and as such does not represent a study drug induced case of 
CHF. 

CTAP101-CL-3002-104-322 was a 56 year old black female with a history of CHF, diabetes, blood 
pressure increased, fluid retention and asthma. During the screening period on Study Day (-3) the subject 
was hospitalized for dyspnea and fluid overload. She was treated with diuretics and the event was 
considered resolved on Study Day (-1). There were no further episodes of CHF during Study 3002 during 
which she was maintained on Rayaldee 30mcg daily and she was enrolled in the open label extension 
3003. During the open label extension her dose of Rayaldee was decreased to 30mcg TIW on Study Day 
76 due to persistent hypercalcemia (serum calcium between 10.4 and 11.0mg/dL). There were no further 
episodes of CHF reported in the case narrative. However, the AE dataset shows there was an episode of 
CHF on Study Day 150 which was not considered serious and continued after the study period was 
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complete. 

Medical Officer’s comments-This patient had a history of CHF as evidenced by the episode of 
CHF during the screening period. There were no reports of SAEs of CHF in the patient narrative 
during the study. Therefore, this case does not provide evidence for a Rayaldee-related effect on 
CHF.

CTAP101-CL-3002-121-371 was a 76 year old Caucasian male with a history of CHF, myocardial 
infarction, coronary artery quadruple bypass, hypertension and amputation of his right leg. On Study Day 
129 while on Rayaldee 60mcg, he was hospitalized due to left sided weakness after a fall two weeks 
earlier. He denied dizziness, chest pain, shortness of breath, lightheadedness, double vision or passing 
out prior to the fall. The study medication was discontinued and he was transferred to a rehab facility. On 
Study Day 135 while in the rehab facility he complained of shortness of breath and was sent to the ER 
where a CXR revealed pulmonary edema. A head CT at that time showed evidence of a prior stroke, 
which had been missed on the previous head CT. The SAE of CHF was believed to be due to his diuretic 
having been discontinued while at the rehab facility. The CHF was considered resolved on Study Day 
138. On Study Day 153, 26 days after having discontinued the study drug the subject died from a “cardiac 
disorder”, which was not more clearly described in the case narrative. The case report form only 
mentioned “death due to complications of heart disease.”

Medical Officer’s comments- There is a reasonable explanation for the one case of CHF 
observed by this patient at the rehab facility given that his diuretic medication had been 
inadvertently discontinued at the rehab facility. It is less clear whether there is a correlation with 
the “cardiac disorder” that resulted in the patient’s death, but there is too little information here to 
make a valid assessment about the event and whether it was drug-related. 

CTAP101-CL-3002-131-042 was a 66 year old black male with a history of chronic CHF, myocardial 
infarction, coronary artery disease, arrhythmia, ischemic cardiomyopathy, hypertension, edema and 
COPD, with a baseline 25-OH vitamin D of 12ng/mL. On Study Day 131, while on Rayaldee 60mcg since 
Study Day 84, he was hospitalized for acute exacerbation of heart failure. His 25-OH vitamin D level had 
been in the normal range of 82ng/mL at the last visit on study day 113. His 25-OH vitamin D level peaked 
at 101ng/mL at the next measurement on Study Day 141 and decreased to 90 by study day 180 at the 
end of study 3002. The event of CHF was considered resolved on Study Day 178. He enrolled in the 
extension study 3003. While on Rayaldee 60mcg during the open label extension his 25-OH vitamin D 
level peaked again on Study Day 58 at 129ng/mL and then stayed elevated between 80 and 98ng/mL 
until Study day 143 when it was discontinued after an episode of CHF on study day 138. He continued to 
have 2 more episodes of CHF on Study Days 169 and 174, all resolving within 3 to 6 days after Rayaldee 
had been discontinued. His last two 25-OH vitamin D levels were down at 52 and 44ng/mL on study days 
187 and 192 the end of the study. His peak serum calcium was 10.5mg/dL on study day 143, which was 
the upper limit of normal for the assay in study 3003.

Medical Officer’s comments-This patient had a history of chronic CHF and continued to have 
multiple events during the study while on Rayaldee 60mcg, all which were adequately treated 
within a few days of hospitalization. His first episode of CHF occurred after a 25-OH vitamin D 
level of 82ng/mL on Study Day 84 during study 3002. He continued to have elevated 25-OH 
vitamin D levels in the open label extension in the 80 to 129ng/mL range without another episode 
until study day 138. The last recorded 25-OH vitamin D level prior to the episode of CHF was a 
value of 98ng/mL on study day 113. Rayaldee was discontinued on study day 142 because of the 
CHF event and 25-OH vitamin D levels started to decrease to a low of 44 on Study day 192 at the 
end of the study. Despite the decreasing 25-OH vitamin D levels he went on to have two 
additional CHF events after the study drug was discontinued, on study days 169 and 174 
suggesting that at least some of the events were not drug-related due to high peak 25-OH vitamin 
D levels but a result of the patient’s baseline cardiac disease. Despite the high 25-OH vitamin D 
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levels this patient had in the study he did not have any serum calcium levels above the upper limit 
of normal. 

CTAP101-CL-3001-001-556 was a 65 year old Caucasian, female with history of CHF, multiple 
myocardial infarctions, coronary and peripheral artery disease, diabetes, hypertension, edema and 
COPD. On Study Day 71 while on Rayaldee 30mcg she was admitted for shortness of breathe with a 
CXR consistent with worsening CHF. She responded to diuresis and was discharged on Study Day 78 
with the SAEs of CHF and COPD considered resolved. On Study Day 112 the subject had an SAE of 
peripheral edema, and despite this had her dose of Rayaldee increased to 60mcg on the next day Study 
Day 113. The peripheral edema was still ongoing on Study Day 150 when the subject was reported to 
have a SAE of acute renal failure believed to be due to ATN or cardiorenal syndrome. Serum creatinine 
continued to increase to 3.88mg/dL up from 2.2mg/dL on Study Day 1 and the subject was hospitalized 
on Study Day 160. SAEs of CHF and peripheral edema were considered resolved on Study Day 171. The 
subject continued on Rayaldee 60mcg and completed the study on Study Day 190. On post-study Day 21 
she was admitted with a SAE of respiratory failure due to CHF confirmed by CXR. The respiratory failure 
and CHF were considered resolved on post-study Day 28 but the SAE of acute renal failure and AE of 
lung infiltration were considered ongoing at the time of the case narrative report.  This subject was not 
enrolled into study 3003.

Medical Officer’s comments-This patient had a history of CHF and continued to have multiple 
events during the study while on Rayaldee 30mcg and 60mcg, and off drug 21 days after the 
study was completed. All episodes were adequately treated within a few days of hospitalization. 
Less is known about the cause of the acute renal failure in this patient but it was less likely to be 
due to the study drug as the patient improved even though Rayaldee was continued at the 60mcg 
dose for the remaining 40 days of the study.

CTAP101-CL-3001-011-174 was a 83 year old black male with a history of CHF, hypertensive 
cardiomyopathy, diabetes, edema and asthma. On Study Day 24 while on Rayaldee 30mcg he presented 
to the ER with shortness of breath, wheezing and decreased breath sounds bilaterally.  He was admitted 
with both worsening asthma and CHF which responded to treatment with nebulizers and diuresis. The 
symptoms were resolved by discharge on Study Day 28 and his dose of Rayaldee was increased to 
60mcg as originally scheduled. He completed the study on Study Day 194 and elected not to enroll into 
study 3003.

Medical Officer’s comments-This patient had a history of CHF and had one episode of CHF while 
on Rayaldee 30mcg during the first month of the study. The fact that this patient was able to 
tolerate the higher dose of 60mcg and had no further episodes of CHF in the remaining 5 months 
of the study suggests the earlier event may not have been drug related.  

CTAP101-CL-3001-022-305 was a 65 year old Caucasian male with a history of chest pain, CABG, 
peripheral vascular disorder, diabetes, hypertension and edema. On Study Day 70 while on Rayaldee 
30mcg he developed an SAE of CHF, serum creatinine at that time was 2.4mg/dL and the study drug was 
permanently discontinued on Study Day 77. On Study Day 80 the subject underwent a CT angiogram of 
the chest for no clear reason with no results reported in the case narrative. On Study Day 87 the subject 
was reported to have acute renal failure and was started on hemodialysis. SAEs of CHF and acute renal 
failure were reported resolved on Study Day 98. The subject continued on dialysis through Study Day 
118. 

Medical Officer’s comments- It is not clear from this case narrative how the diagnosis of CHF was 
made and why the clinical investigator in this case determined the need to discontinue the study 
medication, suggesting they thought the CHF was drug related. From the case narrative it is not 
clear why this patient would need a CT angiogram of the chest unless there was concern about a 
possible blockage related to his CABG and the procedure they were referring to was actually a 
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cardiac angiogram not a chest angiogram. It is plausible that given this patient’s poor renal 
function at baseline that the angiogram dye may have triggered the renal failure but nothing about 
this possibility was mentioned in the case narrative submitted by the applicant. A review of the 
CRF in this case did not result in any useful additional information. In conclusion, it is not possible 
to rule out that Rayaldee 30mcg had contributed to the one case of CHF in this patient. 

CTAP101-CL-3001-037-549 was a 60 year old male with a history of CHF, coronary artery disease, 
CABG, diabetes, and hypertension. On Study Day 189 while on Rayaldee 60mcg since Study Day 86 he 
was admitted to the hospital with chest pain. He was determined to be in decompensated CHF due to a 
history of noncompliance with medication. The details for how CHF was diagnosed and noncompliance 
were not included in the case narrative. He responded to diuresis and demanded to be discharged on 
Study Day 190. The event was reported as resolved on Study Day 192. The study drug was continued 
until the subject completed the study on Study Day 203. The subject was enrolled in the open label 
extension study 3003 and continued on 60mcg Rayaldee. He had AEs of diabetic ketoacidosis and 
hyperphosphatemia during the open label extension but no additional episodes of CHF.

Medical Officer’s comments-This patient had a history of CHF and had a plausible explanation for 
the one case of CHF which occurred on Study Day 189, given his history of prior noncompliance 
with medications. The fact that the patient was able to enroll in the extension study and had no 
further episodes of CHF does not rule out the possibility that Rayaldee had contributed to the 
single CHF episode but shows that it was possible to manage this subject’s condition despite 
continuing on Rayaldee 60mcg. 

CTAP101-CL-3001-046-618 was a 63 year old Caucasian female with a history of CHF, myocardial 
infarction, coronary artery disease, diabetes, hypertension and edema. On Study Day 146 while on 
Rayaldee 60mcg since Study Day 82, she developed shortness of breath, associated with a temp of 101F 
and bilateral pretibial edema. Testing was notable for cardiomegaly and bilateral interstitial edema 
consistent with CHF and she was admitted and treated with a blood transfusion for her anemia. Her CHF 
was considered resolved on Study Day 151 and she went on to complete the study on Study Day 180 
with no further episodes of CHF. She was enrolled in the open label extension 3003 and had no further 
AEs reported. 

Medical Officer’s comments-Similar to the previous patient this patient with a history of CHF had 
only one episode of CHF while on Rayaldee and was able to continue into the open label 
extension without further events. So while this case does not rule out the possibility that Rayaldee 
had contributed to the single CHF episode it was possible to manage this subject’s condition 
despite continuing on Rayaldee 60mcg.

CTAP101-CL-3002-113-425 was a 79 year old Caucasian male with a history of ischemic 
cardiomyopathy, coronary artery disease, pacemaker, peripheral vascular disease, diabetes, toe 
amputation, hypertension and COPD. On Study Day 116 while on Rayaldee 30mcg TIW, the subject’s 
pacemaker malfunctioned triggering an episode of CHF on Study Day 120. The SAEs of pacemaker 
malfunction and CHF were considered resolved on Study Day 122. The subject went on to complete the 
study on Study Day 183. Of note the subject’s dose of Rayaldee 30mcg was decreased from daily to TIW 
due to mild hypercalcemia, serum calcium of 10.5 on Study Day 113. The patient’s peak serum calcium 
was 10.6mg/dL at the end of the study on Study Day 183. The subject went on to enroll into the open 
label extension study 3003 on Rayaldee 30mcg TIW. This subject had four more episodes of CHF during 
the open label extension on Study Days 33-36, 42-46, 111-120 and 185, none of these episodes were 
related to a pacemaker malfunction. The Study Drug was discontinued on Study Day 111, 74 days prior 
to the last episode of CHF on Study Day 185 which resulted in the patient’s death. 
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Medical Officer’s comments-It seems unlikely that the first episode of CHF during the double-blind 
study which occurred shortly after a pacemaker malfunction was related to treatment with 
Rayaldee. That said the subject went on to have 3 more episodes of CHF during the open-label 
extension study while on the low dose of Rayaldee 30mcg TIW which were unrelated to a 
pacemaker malfunction, resulting in the study drug finally being discontinued. The subject 
eventually died from a final episode of CHF 74 days after Rayaldee had been discontinued. In 
conclusion, despite being on a low dose of Rayaldee 30mcg TIW, it is possible that the study 
drug may have contributed to the three of the episodes of CHF in this patient observed during the 
open label extension. However, it is unlikely the final fatal CHF event which occurred over 2 
months after the study drug was discontinued was drug-related.

CTAP101-CL-3002-137-356 was a 76 year old black female with a history of CHF, coronary artery 
disease, cardiac valve disease, diabetes, hypertension and edema, with a baseline 25-OH vitamin D of 
14ng/mL. On Study Day 11 while on Rayaldee 30mcg she was hospitalized with an exacerbation of CHF 
which responded to diuresis and resolved by Study Day 13. On Study Day 86 four days after having 
increased her dose to 60mcg Rayaldee the subject was admitted to the hospital with chest pain, nausea 
and vomiting and a CXR that showed progressive congestion. She responded to diuresis, treatment with 
nitroglycerin, aspirin and morphine. The event was considered resolved on Study Day 88. Her 25-OH 
vitamin D level was in the normal range at 42ng/mL on study day 82 at the last prior visit. Her 25-OH 
vitamin D level continued to increase and was up to 96ng/mL by the end of the placebo-controlled study. 
She enrolled in the open label extension 3003 on Rayaldee 60mcg. On Study Day 13 she was admitted 
for shortness of breath, edema and a CXR consistent with CHF. Her last 25-OH vitamin D level on Study 
day 1 was 96mcg/mL. She responded to diuresis and the event was resolved on Study Day 15. On Study 
Day 29 she reached her peak 25-OH vitamin D of 121ng/mL. She continued to have elevated levels 
between 81 and 109ng/mL through the rest of the study without any further episodes of CHF. She 
completed the study on Study Day 190 on Rayaldee 60mcg with a final 25 OH-vitamin D of 109ng/mL. 
Her peak serum calcium during the studies was 9.7mg/dL on study days 113 and 183 of the open label 
extension. 

Medical Officer’s comments-This patient with a history of CHF had three episodes of CHF, one on 
Rayaldee 30mcg and two on Rayaldee 60mcg. So while it is not possible to rule out that 
Rayaldee may have contributed to these cases of CHF it was possible to manage this subject’s 
condition as she continued on Rayaldee 60mcg without any episodes of CHF during the last 175 
days or almost 6 months of the open label extension study 3003. Her 25-OH vitamin D level went 
from 14ng/mL at baseline to a peak of 121ng/mL a couple weeks after her last episode of CHF in 
the open label extension 3003. Her last 25-OH vitamin D level prior to this episode of CHF was 
96ng/mL on study day 1 of the open label extension. She continued to have elevated 25-OH 
vitamin D values during the last 175 days of the open label extension with values between 81 to 
109ng/mL but without any further episodes of CHF, demonstrating there was no correlation with 
her high 25-OH vitamin D levels and the incidence of CHF. Despite the high 25-OH vitamin D 
levels this patient had in the study she did not have any serum calcium levels above the upper 
limit of normal.

CTAP101-CL-3002-143-415 was a 46 year old Caucasian male with a history of CHF, coronary artery 
disease, peripheral vascular disease, diabetes, leg amputation and hypertension. During the screening 
period on Study Day (-30) he was admitted to the hospital with mild CHF confirmed by CXR.  The CHF 
was considered resolved on Study Day (-27). On Study Day 92 seven days after having his dose 
increased to Rayaldee 60mcg he was admitted to the hospital with shortness of breath and diagnosed 
with CHF and pneumonia by CXR. He responded to diuresis and was discharged on Study Day 97. He 
was enrolled in the open label extension 3003 on Rayaldee 60mcg. On Study Day 156 he was admitted 
with worsening orthopnea, and peripheral edema and diagnosed with an exacerbation of his CHF. The 
SAE of CHF was considered resolved on Study Day 160. At the time of the database cut-off Study Day 
172 the subject was still enrolled in the study and taking study drug.
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Medical Officer’s comments-This patient had a history of CHF as evidenced by the episode of 
CHF during the screening period. He had two additional cases of CHF during the study one 
shortly after increasing the dose of Rayaldee to 60mcg and another several months later during 
the open label extension. The episode one week after the increased dose is suggestive of a drug-
related effect but he was able to tolerate the increased dose for several months in the open label 
extension after that before having another event suggesting that if there was a drug related 
increase in risk of CHF that it was manageable. 

CTAP101-CL-3001-007-301 was a 70 year old black male with a history of peripheral vascular disorder, 
diabetes, hypertension and dyspnea. On Study Day 172 while on Rayaldee 60mcg he was hospitalized 
with dyspnea, fluid overload, pneumonia and acute renal failure. CT revealed cardiomegaly and 
pulmonary consolidation in the left upper and mid lung fields. Serum creatinine had increased from 
3.3mg/dL on Study Day 85 to 5.5mg/dL. He was treated with diuretics and intubated in the ICU. The 
Study Drug was discontinued permanently on Study Day 174. The SAEs of fluid overload, pneumonia, 
and acute renal failure were resolved on Study Day 187. The nonserious AEs of dyspnea, fluid overload 
and acute renal failure continued for another 60 days after the study drug was discontinued. The subject 
was formally withdrawn from the study on Study Day 219 at which time his BUN and creatinine had 
normalized, and eGFR had recovered from 13.3 to 61mL/min/1.73m2. The investigator suggested that 
non-compliance with diuretic medication may have contributed to the SAEs. 

Medical Officer’s comments-While this subject had a history of hypertension and dyspnea, he had 
not been previously diagnosed with CHF. The fact that he had been able to tolerate Rayaldee for 
almost the entire double-blind phase of the study i.e. 172 days until he had an event suggests 
that if it had contributed to the event the effect was largely manageable. That said, the one 
episode of CHF was extremely severe requiring the patient to be intubated and resulting in the 
study drug being discontinued. However, the events of pneumonia and acute renal failure are not 
typical for most of the other events of CHF which were observed in this study and may have been 
responsible for the greater severity of the case in this patient. 

In summary, the fact that there were so many more patients in the Rayaldee treatment 
group compared to placebo, even taking into account the 2:1 randomization scheme, 
suggests the effect may be drug-related even though the p-value calculated for the 
single preferred term of “cardiac congestive failure” for the two double-blind, placebo 
controlled studies 3001 and 3002 was only 0.068 (see MAED Analysis Table 36 below). 
That said, while the relative risk was high at 5.6-fold, the absolute event rate was only 
3.9% after 6 months of treatment in a population with a high baseline risk of CHF. In a 
few cases the events only occurred prior to study drug administration during the initial 
screening period or after clear evidence of noncompliance with diuretic medication and 
so could not be attributed directly to treatment with Rayaldee. Of note, some patients 
had multiple events on study drug and yet were able to continue on the same dose in 
spite of the events suggesting if Rayaldee was contributing to the event the effect was 
largely manageable by modifications to the patient’s concomitant medications. Only 
three patients had the drug permanently discontinued because of the CHF event. 

Only two of these patients had 25-OH vitamin D levels above 100mcg/mL during the 
studies. One patient, CTAP101-CL-3002-131-042, had a peak 25-OH vitamin D of 
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101mcg/ml during the initial pivotal study and a peak value of 129mcg/mL in the 
following open label extension. The other patient, CTAP101-CL-3002-137-356, only had 
an elevated serum 25-OH vitamin D levels over 100ng/mL of 121mcg/mL during the 
open label extension. Both of these patients had a history of CHF and had multiple CHF 
events during the studies yet no CHF events occurred at a time when the last measured 
25-OH vitamin D levels was over 100ng/mL. So most of the events were not associated 
with the peak 25-OH vitamin D levels in these patients. In addition, neither of these 
patients had serum calcium levels above the upper limit of normal for the assay in these 
studies. 

Assuming that Rayaldee is contributing to an increase in the rate of CHF a mechanism 
for how this could be occurring is not clearly apparent to this clinical reviewer. Among 
the possibilities would be an effect directly on the heart decreasing contractility or an 
effect on afterload increasing the amount of work the heart would need to do. A 
decrease in cardiac output has been seen in drugs that decrease serum calcium and as 
such would seem less likely with a vitamin D analog like Rayaldee which increases serum 
calcium. An increase in calcium deposition in the coronaries would be a possibility but 
only a small subset of these events was associated with angina or myocardial 
infarctions. Increased work load is a possibility, possibly by increasing total body fluid or 
vascular tone resulting in higher blood pressure. Vitamin D analogs have been implicated 
in increasing muscle and lean body mass which could also result in a greater work load 
on the subject’s heart. This might not normally be a problem in the general population 
but may manifest itself more clearly in the fragile predialysis population with a smaller 
baseline reserve in cardiac function. Unfortunately, without knowing the exact 
mechanism that might be responsible for these events it is difficult to know how to 
prevent them other than to recommend regular monitoring which is already part of 
standard care in this population. 

BLOOD CREATININE INCREASED (1.8% vs. 0%)-
Of the 8 subjects with “Blood Creatinine Increased”, all on Rayaldee, 6 recovered and were 
resolved. A review of the case narratives identified that the most common reason attributed to 
these events was pre-renal azotemia due to over aggressive diuresis or gastroenteritis both of 
which responded to increased fluid intake by the patients or IV hydration.
 
One patient recovered with sequelae but dose was not changed (CTAP101-CL-3002-131-229) 
and one patient was unrecovered and unresolved despite drug being withdrawn (CTAP101-CL-
3002-112-376). Following are case narratives for these last two patients:

CTAP101-CL-3002-131-229 was 69 y/o Caucasian female with a history of diabetic neuropathy 
and retinopathy, peripheral edema, CHF, MI, hypertension, irregular heart rate, hypothyroidism, 
peripheral artery occlusive disease, anemia and acute renal failure not requiring dialysis. On 
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study day 16 while taking 30mcg of Rayaldee she was admitted to the hospital for palpitations. 
Her creatinine was elevated at 2.1mg/dL up from 1.5mg/dL at baseline. She was treated for fluid 
overload and diagnosed with acute renal failure which was changed to chronic renal failure 7 
days later. Her lab values returned to baseline and were considered resolved by study day 23.  
She withdrew her consent on study day 29 for unknown reasons. At that time she still had 
ongoing TEAEs of gastroenteritis, dehydration, dyspnea, gout and chronic renal failure. Her last 
recorded calcium was 9.0mg/dL and 25-OH vitamin D was 18ng/mL so there was no evidence of 
vitamin D toxicity. 

CTAP101-CL-3002-112-376 was a 41 y/o black male with a history of diabetic retinopathy, 
peripheral edema, hypertension, proteinuria, metabolic acidosis, peripheral neuropathy, and 
nephrogenic anemia on multiple medications including insulin, furosemide, metoprolol and 
Aranesp. He was admitted to a hospital on study day 70 while taking 30mg Rayaldee for fluid 
overload with the diagnosis of Acute Renal Failure, even though serum creatinine was 4.4mg/dL 
which was unchanged from baseline, and was started on dialysis. The study drug was 
discontinued and the patient withdrew from the study with ongoing acute renal failure. His calcium 
was 8.4mg/dL and 25-OH vitamin D was 22ng/mL at the time of the event so there was no 
evidence of vitamin D toxicity. 

Medical officer’s comments-
In both of these cases despite the fact that there was no evidence of hypercalcemia or 
vitamin D toxicity the study drug was discontinued and the patients continued to have 
ongoing renal failure. Continuing renal failure after the study drug was discontinued 
would be considered a negative dechallenge test, but there is not enough follow up 
information in these case narratives to clearly draw such conclusions. That said, while it 
is not possible to rule out that Rayaldee did not in some way contribute to the worsening 
renal function in these two cases, the presence of normal serum calcium levels and low 
serum 25 OH vitamin D levels in these two cases suggest that if it did play a role in this 
SAE it did not occur by excessive expression of the normal physiologic mechanism of 
action of vitamin D action.  

PNEUMONIA (1.1% vs. 0.6%)-
Of the subjects with pneumonia, all recovered and only one on Rayaldee 30mcg had the study 
drug discontinued due to coexisting serious AEs of “fluid overload” and “Blood Creatinine 
Increased” on Study Day 175 (see case narrative for CTAP101-CL-3001-007-301 above under 
CHF/fluid overload). 

HYPOGLYCEMIA (0.9% vs. 0%)-
Of the subjects with hypoglycemia, all were diabetics and all recovered. In one case, the drug 
dose interrupted for a short period of time around the time of the hypoglycemia episode but 
that subject was in the placebo group. 

ACUTE RENAL FAILURE (0.9% vs. 0.6%)-
Of the subjects with acute renal failure two on Rayaldee had not recovered (CTAP101-CL-3001-
001-556, CTAP101-CL-3002-110-268) and one on Rayaldee resolved with sequelae (CTAP101-
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CL-3001-022-305). Following are case narratives for these three patients:

CTAP101-CL-3001-001-556 was a 65 y/o Caucasian female with a history of multiple myocardial 
infarctions, acute renal failure, multiple coronary arterial stent insertions, hyperkalemia, coronary 
and peripheral artery bypasses, anemia, angina pectoris, CHF, diabetic neuropathy, 
hypertension, COPD, and peripheral edema. She was on multiple medications including insulin, 
furosemide, ranolazine, isosorbide mononitrate, nitroglycerin, amlodipine, carvedilol, irbesartan 
and budesonide/formoterol, and albuterol. On Study Day 71, while on Rayaldee 30mcg, she 
presented to an urgent care center with shortness of breath, hypertensive crisis, chest pain and 
was transferred to a hospital. CXR was consistent with worsening pulmonary congestion and 
cardiomegaly. SAEs included CHF and COPD. She responded to increases in her furosemide 
and ranolazine doses, and was placed on a prednisone taper prior to discharge. On Study Day 
112, while on Rayaldee 60mcg, she was reported to have a SAE of peripheral edema which was 
ongoing when she was diagnosed with Acute Renal Failure on Study Day 150 for increasing 
serum creatinine. The kidney injury was assumed to be due to either acute tubular necrosis or 
cardiorenal syndrome. She again was treated with an increase in her furosemide dose and 
started on another diuretic, metolazone. The peripheral edema was considered resolved on Study 
Day 171. The study drug was continued uninterrupted during the study. She completed the study 
on Study Day 190 and the study drug was discontinued. She was reported to have another 
episode of COPD, CHF and Acute Renal Failure on post study day 21, which again responded to 
additional diuresis. The SAE of Acute Renal Failure was considered ongoing. The peak 25 OH 
vitamin D in this subject was 87ng/mL on Study day 141, with a follow up value of 67ng/mL on 
Study Day 190 both within the normal range.

CTAP101-CL-3002-110-268 was a 70 y/o Caucasian male with a history of diabetes mellitus, leg 
amputation and hypertension. He was on multiple meds including insulin and losartan. On Study 
Day 33, while on Rayaldee 30mcg, he was diagnosed with acute renal failure secondary to left 
hydronephrosis from a kidney stone in the proximal left ureter. He underwent placement of a left 
nephrostomy tube to permit decompression and creatinine decreased after the procedure. The 
study drug was continued uninterrupted and the subject was sent home with the nephrostomy 
tube. The subject went on to increase his dose to 60mcg on Study Day 86 and to complete the 
study on Study Day 191 without other complications. The subject’s serum calcium was only 
8.9mg/dL at the time the kidney stone was identified, peaked at 10.0mg/dL on Study Day 141, 
and was 9.0mg/dL at the end of the study on Study Day 183. The subject’s 25 OH vitamin D level 
was only 49ng/mL at the time the kidney stone was identified, and peaked at 129ng/mL at the 
end of the study on Study Day 183. Even though the subjects vitamin D level was elevated at the 
end of the study his serum calcium and 25 OH vitamin D levels were normal prior to the 
development of the kidney stone on Study Day 33.

CTAP101-CL-3001-022-305 was a 65 y/o Caucasian male with a history of diabetic nephropathy, 
peripheral edema, hypertension, peripheral vascular disease, s/p CABG. He was on multiple 
meds including insulin, furosemide, carvedilol, and lisinopril. On Study Day 70, while on Rayaldee 
30mcg, he had an SAE of CHF and the study drug was discontinued on Study Day 77. Ten days 
later he was diagnosed with an SAE of Acute Renal Failure. He was treated with intravenous 
furosemide, ranolazine, amlodipine, isosorbide mononitrate, and clonidine hydrochloride. The 
SAEs of CHF and acute renal failure were reported as resolved on Study Day 98 which was 21 
days after the last dose of study drug, but the subject continued with dialysis through Study Day 
118. The peak 25 OH vitamin D in this subject was 54ng/mL on Study day 57, with a follow up 
value of 45ng/mL on Study Day 183 both within the normal range.
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Table 33 Integrated Summary of TEAEs: Rayaldee vs. Placebo-26 wks and Rayaldee alone-52 
wks by CKD Stage

Source Table 2 ISS

There is no clear consistent increase in total TEAEs, severe TEAEs, and TEAEs leading to 
discontinuation for up to 26 weeks in the Rayaldee-controlled vs. placebo data in subjects in 
both Stage 3 and Stage 4 CKD groups (Table 33). There was a slight consistent greater increase 
in serious TEAEs in the Rayaldee group vs. the placebo group of between 1 and 5% depending 
on CKD stage. Looking at the pooled total 26 wk data shows the combined rates in general are 
higher in the Rayaldee treatment groups by up to 3% for serious TEAEs.  

Comparing the 52 wk data to the initial 26 wk data shows event rates continue to increase 
during the second 26 wks of exposure with the greatest increase seen in serious TEAEs which 
increased from 16.6% to 29.4%. However, there is no placebo data available for comparison 
during the second 26 weeks of treatment so it is possible that these increases may still largely 
represent the background rate in this high risk study population. 
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Table 34 Integrated Summary of TEAEs: Rayaldee vs. Placebo-26 wks by Drug Dose 

Source Table 3 ISS

While there does appear to be a dose-related increase in drug-related TEAEs from 13.4% to 
29.4% across the dose range from 30 to 90mcg compared to the placebo rate of 10.9%, during 
the initial 26 weeks of treatment, there is no similar correlation with serious TEAEs, TEAEs 
leading to discontinuation and deaths (Table 34).

TEAEs by Preferred Term (PT) that occurred in > 4% of subjects and occurred more frequently in 
the Total Rayaldee treatment group are listed in Table 35. PTs that occurred > 1 % more 
commonly in the Total Rayaldee treatment group compared to Placebo, during the initial 26 
week placebo-controlled study period are in order of frequency relative to placebo (i.e. total 
Rayaldee minus total placebo): CHF (2.8%), Blood creatinine increased (2.3%), anemia (1.7%), 
cough (1.7%), and hyperuricemia (1.5%).
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Table 35 Integrated Summary of TEAEs by Preferred Term in > 4% of Subjects and Occurring 
More Frequently in the Total Rayaldee Subjects Than Total Placebo Subjects at 26 Wks

 

 

Source Table 4 ISS

A MedDRA-Based Adverse Event Diagnotics (MAED) analysis of the pivotal trials CTAP101-CL-
3001 and CTAP101-CL-3002 sorted by Relative Risk of 3.0 or greater with respect to treatment 
with Rayaldee is shown in Table 36. AEs of interest include CHF, Fluid Overload and “Blood 
Creatinine Increased” with relative risks of 5.6, 4.6 and 3.5, respectively and p-values of 0.068, 
0.306 and 0.103, respectively. Serious AEs of CHF/Fluid Overload and Blood Creatinine 
increased were discussed in greater detail above under section 8.4.2.
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Table 36 MAED Analysis of Pooled Data from Pivotal Studies CTAP101-CL-3001 and CTAP101-
CL-3002 Sorted by Relative Risk (RR), with RR ≥3 for Rayaldee vs. Placebo

Rayaldee Placebo

Preferred Term Events Subjects % Events Subjects %
Relative 
Risk 

Lower 
95%

Upper 
95% p-value

Cardiac failure 
congestive 13 11 3.9 1 1 0.7 5.6 0.7 43 0.068

Bronchitis 11 10 3.5 1 1 0.7 5.1 0.7 39 0.109
Fluid overload 5 4 1.4 0 0 0 4.6 0.2 84 0.306
Localised 
infection 4 4 1.4 0 0 0 4.6 0.2 84 0.306

C-telopeptide 
increased 3 3 1.1 0 0 0 3.5 0.2 68 0.554

Foot fracture 4 3 1.1 0 0 0 3.5 0.2 68 0.554
Hypothyroidism 3 3 1.1 0 0 0 3.5 0.2 68 0.554
Palpitations 3 3 1.1 0 0 0 3.5 0.2 68 0.554
Pharyngitis 3 3 1.1 0 0 0 3.5 0.19 68 0.554
Rheumatoid 
arthritis 3 3 1.1 0 0 0 3.5 0.19 68 0.554

Serum 
procollagen 
type I N-
terminal 
propeptide 
increased

3 3 1.1 0 0 0 3.5 0.19 68 0.554

Urinary 
incontinence 3 3 1.1 0 0 0 3.5 0.19 68 0.554

Blood 
creatinine 
increased

15 14 4.9 2 2 1.4 3.5 0.82 15 0.103

Hyperuricaemia 6 6 2.1 1 1 0.7 3.0 0.37 25 0.432

A similar MAED analysis looking at AEs which generated the lowest p-values up to a maximum 
value of 0.11 is shown in Table 37. Only CHD and “Blood Creatinine Increased” had a positive 
relative risk meaning they were more common in the Rayaldee treatment group. Neither of 
these calculated p-values were < 0.05. There were several AEs that were more common in the 
placebo group with calculated p-values < 0.05 Cataract, Diabetic Neuropathy, Dysuria, Anxiety, 
Hyperlipidemia, and Pyrexia suggesting that treatment with Rayaldee may have been protective 
for these events, but more likely these represent chance findings which could be expected 
given the large number of AEs which were analyzed. 
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demarcated here by the horizontal green lines. Of note the applicant’s datasets use 10.2mg/dL 
as the ULN in study 2008 but a slightly higher value of 10.5 for studies 3001, 3002 and 3003. 
Study Day 0 is demarcated by the vertical red lines. Hypercalcemia up to 11.1mg/dL is evident 
even prior to dosing on Study Day 0. With treatment there is an increase in the rate of 
hypercalcemia in the Rayaldee treatment group compared to placebo, as evidenced by the 
number of dots in the upper right corner of each figure above the green line and to the right of 
the red line. However, given that the studies were randomized 2:1 with Rayaldee vs. Placebo 
the figures can be slightly deceiving. Pooling the Rayaldee treatment group data from both 
studies there are a total of 72 values above 10.2mg/dL corresponding to 34 subjects for 
approximately 34/285=12% of the subjects. This would be compared to only 14 elevated values 
corresponding to 10 subjects or approximately 10/144=7% of the subjects in the combined 
Placebo treatment groups for a relative difference of 1.7-fold for Rayaldee vs. Placebo. 

The protocol predefined criteria for “hypercalcemia” was two consecutive visits with serum 
calcium >10.3mg/dL deemed to be study drug related. A total of 6 subjects (2%) in the Rayaldee 
treatment group met this criteria compared to no such subjects in the placebo group according 
to the applicant’s analysis (see Table 12.4.19.1, ISS Tables). Therefore most of the 12% of 
subjects in the Rayaldee treatment groups and all of the 7% of subjects in the placebo group 
with a single event of hypercalcemia identified in Fig. 15 did not have consecutive elevated 
serum calcium levels on repeat measurement and did not require dose reduction.  After 
including data from study 2008 as well, the applicant determined that 2.6% of subjects treated 
with Rayaldee in all three phase 3 studies (2008, 3001 and 3002) required a reduction in dose 
due to a confirmed elevation in serum calcium of >10.3mg/dL.

From Fig. 15 it appears there is a slight increase in the mean serum calcium level with Rayaldee 
treatment over the 26 wk course of treatment as evidenced by the slight positive slope of the 
blue line in these study groups compared to the flat slope of the blue line in the Placebo 
treatment groups. According to the applicant’s data (see Table 12.4.12.1, ISS Tables) the 
difference in the mean serum calcium level during the Efficacy Assessment Period was only 
0.2mg/dL greater in the Rayaldee treatment groups relative to the Placebo group but that small 
difference was associated with a p-value of <0.0001 according to the applicant.  

In Fig. 15 it can be seen that even though there were more patients with hypercalcemia during 
the treatment period in both treatment groups most values were 11.1 or lower, similar to levels 
seen prior to treatment except for one subject, CTAP101-CL-3001-012-604, in the Rayaldee 
treatment group who had the highest serum calcium level of 12.4mg/dL on Study Day 135. This 
patient was discontinued from study drug treatment due to what was considered a serious AE 
of hypercalcemia even though he had a normal 25-OH vitamin D level of 38ng/mL at the time. 
Of note, he had evidence of hypercalcemia of 10.9mg/dL as early as Study Day 52 when his 25-
OH vitamin D levels peaked at 58ng/mL, but was continued in the study at that time. This 
patient’s follow up serum calcium on Study day 147 was 9.8mg/dL. 

Reference ID: 3898321



Clinical Review
{William Lubas M.D., Ph.D.} 
{NDA 208010}
{Rayaldee (calcifediol) extended-release capsules}

CDER Clinical Review Template 2015 Edition 101
Version date: June 25, 2015 for initial rollout (NME/original BLA reviews)

Figure 15 Serum Calcium in the Placebo Controlled Studies CTAP101-CL-3001 and CTAP101-CL-
3002

Data taken from ADLB datasets from each clinical trial. The green horizontal line represents Ca=10.2mg/dL, but the 
applicant has used 10.5mg/dL as the ULN for studies CTAP101-CL-3001 and CTAP101-CL-3002. 

Medical officer’s comments-
There is about a 1.7 fold relative increase (12% vs. 7%) in single events of hypercalcemia 
> 10.2 mg/dL during the 26 weeks of treatment in patients treated with Rayaldee 
compared to placebo in the pivotal studies. Most of the hypercalcemia was Grade 1 with 
serum calcium levels < 11.5mg/dL as only 2% had repeat levels that were elevated 
requiring a dose reduction. There were a total of 8 AEs reported as hypercalcemia in the 
three pivotal trials from 5 different patients, 2 on Rayaldee 30mcg, 1 on Rayaldee 60mcg 
and 2 on placebo. Only one case, in a patient treated with Rayaldee, was reported as a 
serious AE of hypercalcemia. This subject had a serum calcium level of 12.4mg/dL which 
would be classified as moderate hypercalcemia or CTCAE Grade 2 (>11.5to 12.5). In 
summary, it is this medical reviewer’s assessment that risk of serious hypercalcemia is 
low in the predialysis patients treated with Rayaldee according to the protocol guidelines 
for dosing in these studies (see section 6.1.1 Study Design) and that with proper 
monitoring of serum calcium hypercalcemia can be adequately controlled. 
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SERUM PHOSPHOROUS-
Serum phosphorous levels for patients treated with Rayaldee or placebo in both pivotal clinical 
studies 3001 and 3002 are plotted by this medical reviewer using the applicant’s datasets in Fig. 
16. The upper limit of normal of 4.7mg/dL is demarcated by the horizontal light blue lines and 
the reference point of 5.5mg/dL used by the applicant is demarcated by horizontal green lines. 
Study Day 0 is demarcated by the vertical red lines. With treatment it appears at first as if there 
is an increase in the rate of hyperphosphatemia in the Rayaldee treatment group compared to 
placebo similar to what had been previously seen for hypercalcemia in Fig. 15. However, given 
that the studies were randomized 2:1 with Rayaldee vs. Placebo the figures can be slightly 
deceiving. Pooling the Rayaldee treatment group data from both studies there are a total of 42 
values above 5.5mg/dL corresponding to 25 subjects or approximately 25/285=9% of the 
subjects which is similar to 20 values corresponding to 13 subjects or approximately 13/144=9% 
of the subjects seen in the placebo treatment group. Therefore there was no difference in the 
rate of hyperphosphatemia between treatment groups using the arbitrary value of 5.5mg/dL 
for comparison. That said, there may be a difference in the magnitude of the 
hyperphosphatemia seen as the highest levels appeared in the Rayaldee group in study 3002 
where values of 7.0, 7.0, 7.4 and 7.8mg/dL are observed in contrast to the highest level of 
6.6mg/dL seen in the placebo groups. This may partially explain while there still seems to be a 
small trend for increasing mean serum phosphorous levels with time as evidenced by the slight 
positive slope of the dark blue line especially in study 3002 compared to flat dark blue lines in 
the placebo treatment groups in Fig. 16. 

The protocol designated hyperphosphatemia as two consecutive visits with serum phosphorous 
>5.5mg/dL deemed to be study drug related. Only 1 subject (0.4%) in the Rayaldee treatment 
group met this criteria compared to no such subjects in the placebo group (see Table 12.4.19.1, 
ISS Tables). There were 15 cases of hyperphosphatemia recorded as AEs in the Rayaldee 
treatment groups in the three phase 3 studies (2008, 3001 and 3002) compared to only 3 cases 
in the placebo groups. None of these cases were reported as serious. 
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Figure 16 Serum Phosphorous in the Placebo Controlled Studies CTAP101-CL-3001 and 
CTAP101-CL-3002

Data taken from ADLB datasets from each clinical trial. The light blue horizontal line represent the upper limit of 
normal of 4.7mg/dL while the green horizontal line represents levels >5.5mg/dL which the applicant used as a 
reference. 

Medical Officer’s comments-
There were no cases of serious hyperphosphatemia during the 26 weeks of treatment in 
patients treated with Rayaldee or placebo in the pivotal studies. There were a total of 15 
AEs reported as hyperphosphatemia during the treatment period in the three pivotal 
trials from 15 different patients, 3 on Rayaldee 30mcg, 9 on Rayaldee 60mcg and 1 on 
Rayaldee 90mcg and 2 on placebo. None of these cases was reported as a serious AE of 
hyperphosphatemia. Most cases were reported as mild, and only 5 were considered of 
moderate severity, 4 on Rayaldee 60mcg and 1 on placebo. In only two cases was the 
dose decreased and in one case it was interrupted. In summary, it is this medical 
reviewer’s assessment that risk of serious hyperphosphatemia is low in the predialysis 
patients treated with Rayaldee in these studies and that with proper monitoring of 
serum phosphorous hyperphosphatemia can be adequately controlled. 

URINARY CALCIUM-
Urinalyses on random spot urines were performed at the screening visit, and Visits 1, 8 and 13 
corresponding approximately to Study Days (-63 to -7), 1, 85 and 183. Ideally urinary calcium 
excretion would be estimated using 24-hour urine collections (Normal <300mg in 24 hr) 
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although spot urines which were collected in this study can be used to estimate calcium 
excretion by normalizing the value to urine creatinine in the Calcium/Creatinine ratio (Ca/Cr) 
(Normal <0.2mg/mg).  The applicant’s analyses of these data (see Table 12.4.15.1, ISS Tables) 
found no clear difference in mean change from baseline in urinary calcium/creatinine ratio. A 
plot of mean Ca/Cr ratio values with standard deviations performed by this medical reviewer 
using the applicant’s pooled data from both pivotal studies 3001 and 3002 is presented in Fig. 
17. The upper limit of normal is demarcated by the horizontal green line at 0.2mg/mg. Study 
Day 0 is demarcated by a vertical red line. Fig. 17 shows no clear trend for an increase in Ca/Cr 
ratio over time in either treatment group; see the flat blue lines, with only a few high single 
outliers in the Rayaldee treatment group. 

Figure 17 Urine Calcium/Creatinine(mg/mg) Ratio by Study Day

Data taken from ADLB datasets from each clinical trial. The horizontal green line represent the upper limit of 
normal of 0.2mg/mg while the vertical red line corresponds to Study Day 0. Data is present as means with standard 
deviations if there are more than one value at a given study day. No standard deviation line is present when only 
single values are present on that day. 
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Medical officer’s comments-
There were no AEs reported for hypercalciuria, renal calculi, or urine Ca/Cr increased 
during the 26 weeks of treatment in patients treated with Rayaldee or placebo in the 
pivotal studies. There is no clear evidence to support an increased risk of urinary calcium 
excretion from the current urinalysis data although 24 hour urine collections would be 
better at assessing the true risk. In summary, it is this medical reviewer’s assessment 
that while the risk of renal calculi from increased urinary calcium excretion in the 
predialysis patients treated with Rayaldee cannot be completely ruled out it is likely to 
be small. 

Other Laboratory Values-

25OH-VITAMIN D 
In order to avoid the risk of hypervitaminosis D which can be seen in patients with chronic 25-
OH vitamin D levels of 150ng/mL  and above, the study protocols in the pivotal trials 
recommended dose reductions for two consecutive serum 25-OH vitamin D values > 100ng/mL. 
Despite these down titration criteria, three subjects in the phase 3 trials had serum 25-OH 
vitamin D levels > 150ng/mL which puts patients at risk of vitamin D toxicity.

Table 38 Subjects with 25-OH Vitamin D Levels above 150ng/mL during the Phase 3 Studies 

Study ID Subject ID
25 OH Vit D

(ng/mL) Visit
CTAP101-CL-3001 CTAP101-CL-3001-002-257 >150 VISIT 11 (DAY 155)
CTAP101-CL-3003 CTAP101-CL-3001-003-419 > 150 VISIT 6 (DAY 113)
CTAP101-CL-3003 CTAP101-CL-3001-007-222 > 150 VISIT 8 (DAY 169)

The 25-OH vitamin D levels in these patients with levels > 150ng/mL all decreased on 
subsequent measurements and their final study values were 107, 97 and 135ng/mL, 
respectively. None of these high elevations in serum 25-OH vitamin D were associated with 
serum calcium levels > 10.2mg/dL and none were identified as adverse reactions. Only subject 
CTAP101-CL-3001-003-419 had AEs associated with the high serum 25-OH vitamin D level that 
might have been related. On Study Day 140 when his 25-OH vitamin D level had dropped to 
141ng/mL he had AEs of nausea, fatigue and decreased appetite. Of note, his drug dose of 
60mcg day was not lowered despite the high serum 25-OH vitamin D level and yet his final 
serum 25-OH vitamin D level was 97ng/mL at the end of the study On Study Day 191, which 
makes it unclear as to why he had such a high level in the first place. 

In total 106 subjects had 25-OH vitamin D levels > 100 and < 150ng/mL in the phase 3 studies, 
and most of them 76/106=72% had two or more levels in that range. Of these 106 subjects 18 
had a total of 36 serum calcium values > 10.2mg/dL, with the highest value at 11.0mg/dL. AEs 
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of interest in these 18 patients include 3 cases of edema peripheral; 2 cases each of edema, 
renal failure acute, and hypertension; 1 case each of arrhythmia, atrial fib, cardiac failure acute, 
cardiac failure chronic, cardiac failure congestive, chest pain, confusional state, constipation, 
hypercalcemia, hyperphosphatemia, hypervitaminosis D, nausea, and pulmonary edema. 

In conclusion, while 106 patients in the phase 3 trials had multiple serum 25 OH vitamin D 
levels > 100ng/mL only a small fraction about 17% had serum calcium levels > 10.2mg/dL and 
very few of them had related adverse reactions. Given that the primary toxicity associated with 
hypervitaminosis D is hypercalcemia there does not seem to be much advantage in routine 
screening of 25 OH-vitamin D levels once the patient is at steady state levels and routine 
measurements of serum calcium which is part of the typical monitoring in predialysis patients is 
likely adequate and more informative. 

LOW iPTH LEVELS
In order to minimize the risk for adynamic bone disease which can occur if there is excessive 
suppression of serum PTH, the study protocols in the pivotal trials recommended dose 
reductions for two consecutive serum iPTH values < 30pg/mL even though the lower limit of 
normal for the iPTH assay used in these trials was 15pg/mL. KDOQI recommendations in 2003 
were to maintain iPTH levels above 35pg/mL in CKD Stage 3 and above 70pg/mL in CKD Stage 4. 
More recent KDIGO recommendations from 2009 stated that optimal iPTH levels in Stage 3 to 5 
CKD predialysis patients are unknown. In contrast, KDIGO recommends maintaining iPTH levels 
at 2 X the upper limit of normal for the assay in Stage 5 dialysis patients as they are expected to 
require higher PTH levels due to PTH resistance in bone. 

Despite the down titration criteria for low serum iPTH levels, four subjects had five serum iPTH 
levels in the phase 3 trials that were below the lower limit of normal (15pg/mL) as shown in 
Table 39. All but one of these cases occurred during the open label extension and so were the 
result of chronic treatment with Rayaldee. In one case, CTAP101-CL-3001-022-403, the low 
serum iPTH is confounded by the use of the active vitamin D analog calcitriol. In one case, 
CTAP101-CL-3001-018-139, the dose of Rayaldee had already been discontinued at the prior 
visit before the extremely low iPTH level was recorded. None of these subjects had AEs around 
the time of the low iPTH values to suggest bone pain or adynamic bone disease. 
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Table 39 Subjects with Serum iPTH Levels below the LLN of 15pg/mL during the Phase 3 
Studies

Study ID Subject ID
iPTH

(pg/mL) Visit
CTAP101-CL-3003 CTAP101-CL-3002-122-051 12 VISIT 9 (DAY 183) 60mcg Rayaldee
CTAP101-CL-3003 CTAP101-CL-3002-122-051 12 VISIT 10 (DAY 190) ?

CTAP101-CL-3003 CTAP101-CL-3001-022-403 13 VISIT 7 (DAY 141)
60mcg Rayaldee
0.25mcg Calcitriol

CTAP101-CL-3001 CTAP101-CL-3001-047-620 14 VISIT 11 (DAY 155) 60mcg Rayaldee

CTAP101-CL-3003 CTAP101-CL-3001-018-139 14 VISIT 6 (DAY 113)

Dose discontinued 
had been on 30mcg 
at prior visit.

In total, 7 subjects had iPTH values below 30pg/mL during the double-blind phase of the studies 
3001 and 3002, 6 on Rayaldee (6/285=2%) and one on placebo (1/144=0.7%) both low event 
rates. In contrast, there were 26 subjects (26/298=8.7%) with iPTH values below 30pg/mL in the 
open label extension 3003. Of these 12/26=46% were also on an active vitamin D analog 
(calcitriol n=5, paricalcitol n=5, and doxercalciferol n=2) suggesting that the risk for adynamic 
bone disease increases with chronic treatment especially when active vitamin D analogs are 
added. Therefore routine monitoring of iPTH levels will be necessary to make sure the levels 
don’t drop too low during long term treatment especially if other active vitamin D analogs are 
added. While low serum iPTH suggests that subjects are at greater risk of adynamic bone 
disease the only way to make the diagnosis is by bone biopsy. Given the morbidity associated 
with bone biopsies, it is probably best to maintain iPTH levels at or near the upper limit of 
normal in these patients to minimize the risk of adynamic bone disease and the need for bone 
biopsy. 

HEMATOLOGY
There were no significant differences between placebo and Rayaldee groups for absolute 
counts or percentages for basophils, eosinophils, lymphocytes, monocytes, neutrophils, or 
platelets. There also were no clear differences in hematocrit, hemoglobin, MCH, MCHC, MCV, 
RDW, red cell count, and white blood cell count. The mean MPV (mean platelet volume) 
appeared to increase slightly with placebo treatment and decease slightly with Rayaldee, 
resulting in some statistically significant differences from Rayaldee treatment (p<0.05), 
although mean values remained well within normal range.
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Table 40 Change from Baseline to EAP in Mean (SD) Laboratory Values

Laboratory Value Placebo Rayaldee p-value
Mean (SD) Mean (SD)

Serum alkaline phosphatase (U/L) 7.4 (24.9) -6.4 (-27.2) <0.0001
Serum Chloride (mEq/L) -0.3 (3.8) -1.3 (3.5) 0.009
Serum Bicarbonate (mEq/L) -0.3 (3.0) 0.5 (3.0) 0.015
Serum Calcium (mg/dL) 0.0 (0.5) 0.2 (0.5) <0.0001
Serum Calcium (mg/dL) corrected for 
protein

0.1 (0.4) 0.3 (0.6) 0.057

Serum Phosphorous (mg/dL) 0.1 (0.4) 0.2 (0.5) 0.037
Serum Urate (mg/dL) -0.2 (1.5) 0.1 (1.8) 0.060
Mean Platelet volume (fL) 0.2 (0.9) -0.1 (0.8) 0.015
BUN (mg/dL) -0.3 (11.9) 2.1 (13.5) 0.083
Serum Creatinine (mg/dL) 0.1 (0.4) 0.1 (0.5) 0.542
eGFR (mL/min/1.73m2) -0.9 (5.9) -0.9 (7.0) 0.946
Weight (kg) (Visit 13) -0.3 (6.1) -0.7 (6.2) 0.557
Urinalysis (Specific gravity) 0.0 (0.0) -0.0 (0.0) 0.027
Source ISS Tables 12.4.12.1 or 12.4.14.1 or 12.4.15.1 or 12.4.16.1
Values with p-values less the 0.05 are listed in red.

Medical Officer’s comments-
The greater decreases in Serum Alkaline Phosphatase seen with Rayaldee treatment 
compared to placebo are consistent with the changes seen earlier in BSAP (see Table 12 
and 16) and likely represent decreased bone turnover in response to iPTH lowering. 
Recall that the decrease in serum alkaline phosphatase seen in the early studies in 
predialysis patients treated with calcitriol had originally been used as supportive data to 
suggest improvement in renal osteodystrophy.

The mean increases in serum calcium and phosphorous compared to placebo are small 
but consistent with what would be expected from vitamin D analogs. The p-values for 
these changes  are at or below 0.05 suggesting a drug related effect. The mean changes 
however underestimate the risk of hypercalcemia and hyperphosphatemia in individual 
subjects (see the SERUM CALCIUM and SERUM PHOSHPHOROUS sections at the 
beginning of Section 8.4.6 for a more detailed analysis of these potential AEs). 

The mean changes in serum creatinine and eGFR are similar for both Rayaldee and 
placebo treatment groups suggesting the small decrease in renal function which they 
represent is likely due to disease progression from the underlying cause of the chronic 
kidney disease.  (see section 8.5.1 for a more detailed analysis of the change in renal 
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increases in serum creatinine resolved without changes to study drug due to standard care for 
the underlying disorder in all but two of the 14 cases in the Rayaldee treatment group. In one 
case (CTAP101-CL-3001-007-301) the study drug was withdrawn due to a concurrent event of 
pneumonia and respiratory failure and in the other case (CTAP101-CL-3002-112-376) the study 
drug was withdrawn when the patient was started on dialysis for fluid overload. In contrast to 
the 14 cases of “serum creatinine increased” in the Rayaldee treatment group there were only 
two cases of “blood creatinine increased” in the placebo group for a p-value of 0.103 (See 
MAED analyses Tables 36 and 37).

Figure 18 Mean Serum Creatinine by Study Day

Consistent with the larger number of cases of increased serum creatinine in the Rayaldee group 
compared to the placebo group there was also a slight increase in the slope of the mean serum 
creatinine in the Rayaldee treatment groups (Left side of Fig.), as demonstrated by the blue 
lines in Fig. 18 in contrast to a relatively flat slope in the placebo treated groups (Right side of 
Fig.)

Medical officer’s comments-
Given the large standard deviations in the mean of the serum creatinine observed in 
these studies represented by the individual vertical lines in Fig. 18 it is hard to make 
much out of the apparent small increase in the mean over time represented by the small 
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positive slop of the blue line in the Rayaldee treatment groups in both studies.  That said 
these finding do correlate to small decreases in eGFR in the Rayaldee treatment groups 
compared to flat lines in the placebo treatment groups shown in Fig. 19. 

Figure 19 Mean eGFR by Study Day

The case narratives for the 14 subjects with an AE of “Blood Creatinine Increased” while on 
Rayaldee during the double blind studies, 3001 and 3002, identified in the MAED analyses (see 
Tables 36 & 37) are summarized by this medical reviewer below. Cases were analyzed looking 
for specific precipitating events, and any association with “increases in serum creatinine” with 
changes in 25-OH vitamin D levels or hypercalcemia:

Study 3001
Subject 001-055 on Study Day 9 while on 30 μg of Rayaldee developed a mild increase in serum 
Cr 1.6->2.1 believed to be due to pre-renal azotemia and the subject was requested to increase 
fluid intake. It was considered resolved on study day 48. The DSMB adjudicated the case and 
determined that it did not meet the criteria for ARF. She had intermittent increase in serum 
calcium at screening of 10.4mg/dL and during the study the peak serum calcium was 10.8mg/dL 
on Study Day 168 so the Rayaldee dose was decreased to 30mcg TIW. The peak 25-OH vitamin 
D was 53ng/mL on Study Day 182 at end of study. Serum creatinine was 1.5mg/dL back to 
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baseline at end of study on Study Day 182. Serum iPTH showed good improvement from 
343pg/mL at baseline to 136pg/mL at week 182. 

Subject 003-603 on Study Day 156 while on 60mcg of Rayaldee was hospitalized for a lower GI 
bleed, anemia and ARF. On the prior study visit on Study Day 148 he was noted to have 
increased serum Cr 2.3-> 3.2mg/dL, BUN 64mg/dL, 25-OH vitamin D 88ng/mL. The DSMB 
adjudicated the case and determined that it did not meet the criteria for ARF. He was continued 
on Rayaldee. The non serious AE of increase in serum creatinine was considered resolved on 
Study Day 163. Labs at the end of study on Study Day 184 were BUN 48mg/dL, Cr 2.8mg/dL, Ca 
9.5mg/dL and 25-OH vitamin D 85ng/mL. Serum iPTH showed good improvement from 
188pg/mL at baseline to 115pg/mL at week 184.

Subject 007-301 on Study Day 175 while on 60mcg of Rayaldee was hospitalized for fluid 
overload, pneumonia, and acute renal failure. Serum Cr 3.3mg/dL at the time was actually down 
from 3.5mg/dL at baseline. The CXR was consistent with cardiomegaly and pulmonary 
consolidation in the left upper and left mid lung fields. He was intubated and treated with 
increased diuresis. He had already been on a high dose of diuretics and it was felt the episode 
was due to noncompliance with furosemide and hydralazine medications. The DSMB adjudicated 
the case and determined that it did not meet the criteria for ARF. The study drug was 
permanently discontinued on Study Day 174. The adverse event was considered resolved by 
Study Day 187. Follow up serum creatinine on Study Day 219 was better than at baseline, Cr 
1.4mg/dL. Serum iPTH showed good improvement from 215pg/mL at baseline to 113pg/mL on 
Study Day 171 before the drug was discontinued and returned to 176pg/mL at the last follow up 
visit on Study Day 233. Peak 25-OH vitamin D was 70ng/mL on Study Day 171 but returned to 
19ng/mL on Study Day 233 after Rayaldee was discontinued. 

Subject 009-112 on Study Day 114 while on 30mcg of Rayaldee was hospitalized for a 
thrombectomy and as a result of the procedure she developed contrast induced nephropathy with 
serum creatinine increasing from a baseline of 3.1mg/dL to 4.96mg/dL. The event was 
considered resolved on Study Day 204. The DSMB adjudicated the case and determined that it 
did not meet the criteria for ARF. Serum creatinine at the end of study on Study Day 204 was 
back to baseline at 3.0mg/dL. Serum iPTH showed minimal improvement from 173pg/mL-
138pg/mL at baseline to 154pg/mL at the end of study despite normal Serum 25-OH vitamin D 
76ng/mL, and serum calcium 9.0mg/dL. 

Subject 012-604 on Study Day 52 while on 30mcg of Rayaldee had hypercalcemia with a serum 
calcium of 11.1mg/dL so the dose was decreased to 30mcg TIW. Follow up serum calcium on 
Study Day 58 was still elevated at 11.0mg/dL so Rayaldee dosing was temporarily discontinued. 
It was restarted on Study Day 94 after serum calcium had normalized to 10.2mg/dL, but was then 
permanently discontinued on Study Day 114 due to a serum calcium level of 10.8mg/dL. The 25-
OH vitamin D at that time ranged from 49 to 58ng/mL. Follow up serum calcium on Study Day 
136 was 12.5mg/dL despite having discontinued Rayaldee and serum 25OH-vitamin D being 
38ng/mL at that time. The subject was hospitalized for hypercalcemia and ARF, creatinine at the 
time was 5.0mg/dL up from 2.8mg/dL at baseline. He responded to IV hydration with a decrease 
in calcium to 9.3mg/dL and a decrease in serum creatinine to 3.9mg/dL. The SAEs were resolved 
by Study Day 144. The DSMB adjudicated the case and determined that it did not meet the 
criteria for ARF. The DSMB noted that the hypercalcemia did not associate with the increased 
serum creatinine, and believed the increased serum creatinine was due to increased diuretic use 
and volume depletion which resolved with IV fluid administration. Serum iPTH showed a large 
improvement from 306pg/mL at baseline to 34pg/mL on Study Day 136 when Rayaldee was 
discontinued.
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Subject 027-491 on Study Day 56 while on 30mcg of Rayaldee she was noted to have an AE of 
“increased serum creatinine”. The serum creatinine at the study visit was 2.0mg/dL up only 
slightly from the baseline value of 1.9mg/dL, however there apparently was also a serum 
creatinine around that time that was performed at a local lab which was not provided to the study 
site which may have been elevated.  Other labs on Study Day 56 include serum calcium 
10.3mg/dL and 25OH-vitamin D of 30ng/mL. No treatment was administered for this event and 
study drug was continued. The event was considered resolved on Study Day 68, although the 
case narrative or lab data sets do not give a serum creatinine level, the serum calcium level was 
10.0mg/dL on Study Day 69. Serum creatinine values from the lab dataset were 2.0mg/dL on 
Study Day 85 and 2.3mg/dL on Study Day 183. Serum iPTH showed minimal improvement from 
baseline values of 156-184pg/mL to 166pg/mL at the end of the study on Study Day 183.

Subject 041-453 on Study Day 179 while on 60mcg Rayaldee was admitted to the hospital with 
flank pain after being restarted on methotrexate and prednisone for rheumatoid arthritis. Serum 
creatinine was elevated at 2.3mg/dL. It was determined that the subject had been taking 
naproxen for pain relief for her rheumatoid arthritis which may have triggered the acute kidney 
injury. She was informed not to use naproxen in the future because of concern over her limited 
renal function. The subject improved with IV hydration and was discharged with serum creatinine 
of 1.7mg/dL and continued on 60mcg Rayaldee for the duration of the study. Serum creatinine 
was back to baseline at 1.4mg/dL at the end of the study on Study Day 182. The DSMB 
adjudicated the case and determined that it did not meet the criteria for ARF. Serum iPTH 
showed minimal improvement from 71-91pg/mL at baseline to 71pg/mL at the end of the study on 
Study Day 182.

Subject 046-543 on Study Day 2 while on 30mcg Rayaldee was admitted to the hospital for a 
D&C to remove a uterine fibroid causing menorrhagia. Serum creatinine following admission was 
3.0mg/dL up from 2.5mg/dL so a nonserious event of ARF was reported. Serum creatinine was 
back to baseline 2.55mg/dL on Study Day 7 and the events of menorrhagia and ARF were 
considered resolved. The DSMB adjudicated the case and determined that it did not meet the 
criteria for ARF. This patient later had episodes of hypercalcemia with serum calcium levels of 
10.7, 11.1, 10.5 and 10.7mg/dL on Study Days 140, 154, 182 and 189, respectively, while on 
60mcg of Rayaldee as the dose was inadvertently not reduced even though it was noted on 
repeat visits. Peak 25-OH vitamin D was still normal at 66ng/mL during the episodes of 
hypercalcemia. Serum iPTH showed good improvement from 209-465pg/mL at baseline to 
56pg/mL on Study Day 189 at the end of the study.

Subject 047-620 on Study Day 162 developed diarrhea and vomiting while on 60mcg Rayaldee 
and was admitted to a hospital for dehydration due to a viral gastroenteritis. Serum creatinine was 
increased from 1.3mg/dL at baseline to 2.9mg/dL and BUN was 109. The ARF was considered 
due to pre-renal azotemia and following IV hydration and interruption of medication for 4 days the 
patient recovered and was restarted on Rayaldee. Serum creatinine was back to normal at 
1.5mg/dL at the end of the study on Study Day 192. Serum iPTH showed good improvement from 
147-152pg/mL at baseline to 79pg/mL on Study Day 192 at the end of the study.

Study 3002
Subject 112-376 on Study Day 70 while on 30mcg Rayaldee was admitted to the hospital with 
fluid overload for hemodialysis. Serum creatinine was 4.4mg/dL and the study drug was 
discontinued. The SAE of ARF is ongoing. His last visit was on Study Day 78 with a serum 
creatinine of 3.5mg/dL. This subject had a baseline serum creatinine of 4.4mg/dL and probably 
should have never been enrolled in this trial. Baseline 25-OH vitamin D was 8-10ng/mL and only 
increased to 22 on Study Day 78 at the end of the study. Serum iPTH showed no improvement. It 
went from 225-293pg/mL to 361pg/mL at the end of the study. 
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Subject 113-330 on Study Day 172 while on 30mcg Rayaldee developed symptoms of cough, 
nausea, vomiting, decreased appetite, hypoglycemia and hyponatremia following a UTI that had 
started 4 days previously. She received IV fluids and antibiotics but continued to decompensate 
and suffered an MI. Serum creatinine at that time was elevated at 2.6mg/dL up from 1.6mg/dL 
prior to the illness. The acute events of hypoglycemia, ARF and MI were reported as resolved on 
Study Day 177. She completed the study with a final serum creatinine of 1.9mg/dL on Study Day 
182. Serum iPTH showed minimal improvement from 101-124pg/mL at baseline to 87pg/mL at 
the end of the study on Study Day 182, despite the fact that 25-OH vitamin D increased from 22-
28ng/mL at baseline to 96ng/mL on Study Day 29, and then ranged from between 59 and 
93ng/mL during the rest of the study. Serum calcium ranged from a low of 7.6mg/dL on Study 
Day 29 to a peak of 9.7mg/dL on Study Day 71 and was 9.4mg/dL on Study Day 182 at the end 
of the study.

Subject 129-240 with a history of angioedema due to ACE inhibitors had two such episodes with 
lip swelling of acute onset during the study on Study Days 70 and 154 requiring treatment in an 
emergency room. Serum creatinine was noted to be 3.2mg/dL during the second episode which 
was considered elevated from a baseline value of 2.8mg/dL. Rayaldee 60mcg was continued and 
the ARF was considered resolved on Study Day 156. Follow up creatinine on Study Day 184 was 
2.6mg/dL. Serum iPTH showed minimal improvement from 100-226pg/mL to 242pg/mL at the 
end of the study consistent with minimal improvement in 25-OH vitamin D from 20-27ng/mL to 
27ng/mL at the end of the study. These lab values suggest he may not have been compliant with 
his study medication. 

Subject 131-229 on Study Day 5 had an episode of gastroenteritis resulting in dehydration and 
hyperkalemia while on Rayaldee 30mcg. Serum creatinine at 1.6mg/dL was slightly up from 
1.5mg/dL at baseline. This episode resolved on Study Day 7.  On Study Day 16 she was seen in 
the ER for palpitations and was determined to be in fluid overload. Serum creatinine was 
2.1mg/dL and she was started on Bumex for ARF which was converted to chronic renal failure 
seven days later when the event was considered resolved. She was continued on Rayaldee until 
she withdrew her consent on Study Day 29 for an unknown reason. There was no improvement in 
serum iPTH (194pg/mL->278pg/mL) or 25-OH vitamin D (18ng/mL ->18ng/mL) during this limited 
period of treatment. 

Subject 137-356 on Study Day 152 while on 60mcg Rayaldee had an episode of CHF on Study 
Day 11 following a serum creatinine of 2.4mg/dL on Study Day 4 largely unchanged from 
baseline at 2.2mg/dL which was treated with IV Lasix and resolved on Study Day 13 and an 
episode of shortness of breath and chest pain on Study Day 86 after a serum creatinine of 
2.5mg/dL on Study Day 82 treated with IV Bumex and resolved on Study Day 88. The AE of 
“blood creatinine increased” was reported on Study Day 155 and resolved on Study Day 156. 
There is no description of this event in the case narrative and no serum creatinine value was 
reported for this event. The 25-OH vitamin D level on study day 155 was normal at 71mcg/mL. 
She completed the study on Study Day 183 on 60mg Rayaldee with a serum creatinine of 
2.5mg/dL and enrolled into the open label extension with no further episodes of “blood creatinine 
increased”. 

Medical officer’s comments-
A review of the case narratives of the 14 subjects with “increased serum creatinine” 
while on Rayaldee treatment in pivotal studies 3001 and 3002 by this medical reviewer 
did not find a clear signal implicating the vitamin D analog for the observed increase in 
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serum creatinine. All events resolved without specific treatment other than standard of 
care for the underlying condition (e.g. IV hydration for pre-renal azotemia, or diuresis for 
fluid overload). In some cases the elevated values were only noted at local labs and not 
included in the applicant’s study dataset. In two cases there were clear alternative 
explanations including contrast induced nephropathy or naproxen toxicity. Rayaldee was 
withdrawn in two patients, 007-301 because of another AE of pneumonia and 
respiratory failure, and 112-376 who was started on dialysis for volume overload, but 
with a baseline serum creatinine of 4.4mg/dL probably should not have been enrolled 
into the study in the first place. Also one other patient 012-604 had the episode of 
increased creatinine after the study drug had already been discontinued for 
hypercalcemia 3 wks earlier. In general, there was no clear association with extremely 
high levels of 25-OH vitamin D or hypercalcemia that could potentially implicate 
excessive vitamin D activity as a mechanism behind these events of increased serum 
creatinine. Events were not more common with the initiation of treatment during the 
first few weeks of treatment or after the dose increase on Study Day 85 (see Fig. 20, 
which includes data from the open label extension 3003 as well). In general more 
episodes were seen with longer duration of therapy which may also simply be related to 
long standing renal disease. Only one subject was counted twice with repeat values at 
Study Days 175 and 187. All other subjects had only single events of this AE. Six of the 14 
subjects with AEs of “increased serum creatinine” in the initial pivotal studies of 3001 
and 3002 participated in the open label extension 3003 and did not have any further 
similar events. 

Figure 20 Start Study Day for AEs of “Increased Serum Creatinine” in Studies CTAP101-CL-
3001, CTAP101-CL-3002 and CTAP101-CL-3003

The two placebo subjects are represented by the darkened blocks. 

In conclusion, after excluding confounded cases or cases with minimal information to 
confirm the AE and taking into account the 2:1 randomization scheme there were still 
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subject had a serum calcium level of 12.4mg/dL which would be classified as moderate 
hypercalcemia or CTCAE Grade 2 (>11.5 to 12.5). This episode was associated with an AE of 
acute renal failure believed to be due to over vigorous diuresis and responded readily to IV 
hydration. Consistent with the low risk of hypercalcemia there were no AEs reported for 
hypercalciuria, renal calculi, or “urine Ca/Cr increased” during the 26 weeks of treatment in 
patients treated with Rayaldee or placebo in the pivotal studies. In summary, the risk of serious 
hypercalcemia is low in predialysis patients treated with Rayaldee according to the protocol 
guidelines for dosing in these studies and with proper monitoring of serum calcium 
hypercalcemia can be adequately controlled. 
 
The protocol designated hyperphosphatemia as two consecutive visits with serum phosphorous 
>5.5mg/dL deemed to be study drug related. Only 1 subject (0.4%) in the Rayaldee treatment 
group met this criteria compared to no such subjects in the placebo group in the pooled data 
from studies 3001 and 3002 (see Table 12.4.19.1, ISS Tables). The individual rate of single 
elevations in serum phosphorous above the arbitrary level of 5.5mg.dL in these same two 
studies was calculated by this medical reviewer as 9% for both the Rayaldee and placebo 
treated groups. Despite similar rates of single serum phosphorous elevations > 5.5mg/dL, there 
was a small but statistically significant increase in mean serum phosphorous in the Rayaldee 
treatment group of 0.1mg/dL compared to placebo which is of questionable clinically relevance. 
There were a total of 15 AEs reported as hyperphosphatemia during the treatment period in 
the three placebo-controlled trials from 15 different patients, 2 on placebo, 3 on Rayaldee 
30mcg, 9 on Rayaldee 60mcg and 1 on Rayaldee 90mcg. None of these cases was reported as a 
serious AE of hyperphosphatemia. Most cases were reported as mild, and only 5 were 
considered of moderate severity, 1 on placebo and 4 on Rayaldee 60mcg. In only two cases was 
the dose decreased and in one case it was interrupted. In summary, it is this medical reviewer’s 
assessment that risk of serious hyperphosphatemia is low in the predialysis patients treated 
with Rayaldee in these studies and that with proper monitoring of serum phosphorous 
hyperphosphatemia can be adequately controlled. 

There was a total of 7 subjects with iPTH values below 30pg/mL during the initial 26 wk double-
blind phase of the studies 3001 and 3002, one on placebo (1/144=0.7%) and 6 on Rayaldee 
(6/285=2%) both low event rates, and only one patient on Rayaldee had a serum iPTH level 
below the lower limit of normal of 15pg/mL for this assay. In contrast, there were 26 subjects 
(26/298=8.7%) with iPTH values below 30pg/mL in the open label extension 3003, with three 
subjects having levels below 15pg/mL. These data suggest that the risk for adynamic bone 
disease which is associated with low serum PTH levels may increase with chronic Rayaldee 
treatment and routine monitoring of iPTH levels will be necessary to make sure the levels don’t 
drop too low during long term treatment. 

There were a total of 106 patients in phase 3 trials 2008, 3001, 3002 and 3003 that had serum 
25 OH vitamin D levels > 100ng/mL which included 3 patients with levels > 150ng/mL. However, 
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only a small fraction 18/106=17% of these patients had serum calcium levels > 10.2mg/dL, with 
the highest level at 11.0mg/dL. Of the three subjects with 25-OH vitamin D levels above 
150ng/mL none of these measurements was associated with serum calcium levels > 10.2mg/dL 
and none were identified as an adverse reaction. Given that the primary toxicity associated 
with hypervitaminosis D is hypercalcemia there does not seem to be much advantage in routine 
screening of 25-OH vitamin D levels once the patient is at steady state levels. Instead, routine 
measurements of serum calcium which is part of the typical monitoring in predialysis patients is 
likely adequate and more informative.  

Looking at serious AEs identified in the Phase 3 clinical trials that occurred with a greater 
frequency in Rayaldee treated patients compared to placebo and occurred in > 1.5% of subjects 
by treatment group identified the following TEAEs (see Table 31): CHF (3.0 vs. 0%), blood 
creatinine increased (1.8 vs. 0%), pneumonia (1.1 vs. 0.6%), hypoglycemia (0.9 vs. 0%) and 
acute renal failure (0.9 vs. 0.6%).  While the event rates are low considering this is a high risk 
population this medical reviewer was concerned about the larger relative event rates in the 
Rayaldee treatment group for “CHF” and “blood creatinine increased” specifically. 

Looking at AEs of CHF and related AEs of pulmonary edema, cardiac failure, and “fluid overload” 
identified 11 patients in which these events occurred in the Rayaldee treatment group after 
randomization (5 on 30mcg and 6 on 60mcg) compared to only one case of pulmonary 
edema/cardiac failure in the placebo group during the double-blind studies 3001 and 3002. A 
review of these case narratives identified a number of cases which were confounded by 
noncompliance with diuretic medication. There was no clear association with initiation of dose 
or dose increase prior to these events and no association with toxic 25 OH vitamin D levels >150 
and these events. Two subjects had 25-OH vitamin D levels >100mg/dL during the studies, but 
none of the CHF events occurred after the last recorded 25-OH vitamin D level was over 
100mg/dL. However, 25-OH vitamin D levels were not routinely measured during the CHF 
events and in two cases the next 25-OH vitamin D level after a CHF event was over 100mg/dL. 
Given the weak association of high 25-OH vitamin D levels with the majority of the CHF events 
it is not surprising that none of the patients with CHF related AEs had serum calcium levels 
above the upper limit of normal for the assay during these trials, demonstrating no association 
with hypercalcemia and the CHF events. Most of these patients had multiple risk factors for CHF 
and had a prior history of CHF before being enrolled in the trials. Some patients had multiple 
events on study drug and yet were able to continue on the same dose in spite of the events 
suggesting if Rayaldee was contributing to the event the effect was largely manageable by 
modifications to the patient’s concomitant medications. Only three patients had the drug 
permanently discontinued because of the CHF event. In conclusion, the event rate for CHF and 
CHF related AEs is low at only around 3-4% at 6 months in a high risk population and it largely 
manageable and treatable in most of these patients. 
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Looking at AEs of “blood creatinine increased” identified 8 subjects with serious AEs and 6 
subjects with nonserious AEs. The case narratives for all of these 14 patients were reviewed in 
detail, because recent studies with the active vitamin D analog paricalcitol [VITAL (M05-741), 
PRIMO (M10-0300] in addition to other studies in the literature with calcitriol have also shown 
that in some predialysis patients that treatment with active vitamin D analogs can increase 
serum creatinine. It is still not known if these observed increases in serum creatinine represent 
a true decrement in renal function, i.e. true decrease in GFR not just calculated eGFR, or are 
occurring due to an as yet unknown alternative mechanism such as a drug induced increase in 
muscle mass, or a change in total body volume and thereby do not represent a true decrease in 
renal function. In the Rayaldee studies 6 of the 8 patients with serious AEs recovered and were 
continued in the study. Two were discontinued, one with a diagnosis of chronic renal failure 
and the other with a diagnosis of ongoing acute renal failure. Both of these subjects had 
minimal response to treatment with Rayaldee with serum 25-OH vitamin D levels of 18 and 
22ng/mL at the time of these events, suggesting that the events were not due to vitamin D 
toxicity. Of the 14 total patients with AEs of “blood creatinine increased” 6 remained on drug 
with no further events, but all events resolved without specific treatment other than standard 
of care for the underlying condition (e.g. IV hydration for pre-renal azotemia, or diuresis for 
fluid overload). In some cases the elevated values were only noted at local labs and not 
included in the applicant’s study dataset. In two cases there were clear alternative explanations 
including contrast induced nephropathy or naproxen toxicity. In general, there was no clear 
association with extremely high levels of 25-OH vitamin D or hypercalcemia that could 
potentially implicate excessive vitamin D activity as a mechanism behind these events of 
increased serum creatinine. Only one of these subjects had 25-OH vitamin D levels above 
100mcg/mL, but that occurred well after the event in question in the following open label 
extension study, while the serum 25-OH vitamin D level was normal at 71mcg/mL during the 
event of “blood creatinine increased”. Events were not more common with the initiation of 
treatment during the first few weeks of treatment or after the dose increase on Study Day 85. 
In general more episodes were seen with longer duration of therapy which may also simply be 
related to long standing renal disease. In conclusion, after excluding confounded cases or cases 
with minimal information to confirm the AE and taking into account the 2:1 randomization 
scheme there were still likely more cases in the Rayaldee treatment group compared to the 
single case in the placebo group, so an effect due to Rayaldee, but probably not related to the 
typical mechanism of vitamin D action, cannot be ruled out. That said the cases where mostly 
mild in severity, and resolved usually within a few days with standard of care for underlying 
conditions. Therefore these events of “blood creatinine increase” can be adequately controlled 
with the routine monitoring which is part of regular patient management in the predialysis 
population. As in the case of the other active vitamin D analogs it is not known if these 
observed increases in serum creatinine represent a true decrease in renal function or are 
occurring by some other unrelated mechanism.  
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4 CONTRAINDICATIONS

None
5 WARNINGS AND PRECAUTIONS

• Hypercalcemia-Excessive administration of vitamin D compounds, including RAYALDEE, can 
cause oversuppression of iPTH, hypercalcemia, hypercalciuria, hyperphosphatemia or 
adynamic bone disease. Severe hypercalcemia due to substantial overdosage of vitamin D 
and its metabolites may require emergency attention (5.1)

• Digitalis Toxicity- Acute hypercalcemia may exacerbate tendencies for cardiac arrhythmias 
and seizures and may potentiate the action of digitalis. Use with caution in this population. 
(5.2)

6 ADVERSE REACTIONS 

• The most common adverse event reactions which occurred in (≥3% and more frequent than  
placebo) include congestive heart failure, bronchitis and increased blood creatinine. (6.1)

• A table listing adverse reactions seen in > 3% of study subjects in the placebo controlled 26 
wk studied 3001 and 3002 and more frequently in Rayaldee compared to placebo should be 
included in this section. 

• Include information about protocol defined frequency of hypercalcemia.

7 DRUG INTERACTIONS

• CYP3A Inhibitors
• Cholestyramine
• Other Agents that stimulate microsomal hydroxylation enzymes
• Thiazides

8 USE IN SPECIFIC POPULATIONS

12 CLINICAL PHARMACOLOGY

14 CLINICAL STUDIES

• Pool data from studies 3001 and 3002.
• .
• Limit information to Primary endpoint and Secondary endpoints prespecified under a 

hierarchical approach in statistical analysis plan.
• Limit efficacy data in Figure 1 to placebo controlled 26 week period.
•
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Covered Clinical Study (Name and/or Number): 3001

Was a list of clinical investigators provided: Yes  No  (Request list from 
Applicant)

Total number of investigators identified: 222

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
0

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)):

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:      

Significant payments of other sorts:      

Proprietary interest in the product tested held by investigator:      

Significant equity interest held by investigator in S

Sponsor of covered study:      

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes  No  (Request details from 
Applicant)

Is a description of the steps taken to 
minimize potential bias provided:

Yes  No  (Request information 
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the 
reason: 

Yes  No  (Request explanation 
from Applicant)
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Covered Clinical Study (Name and/or Number): 3003

Was a list of clinical investigators provided: Yes  No  (Request list from 
Applicant)

Total number of investigators identified: 315

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
0

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)):

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study:      

Significant payments of other sorts:      

Proprietary interest in the product tested held by investigator:      

Significant equity interest held by investigator in S

Sponsor of covered study:      

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes  No  (Request details from 
Applicant)

Is a description of the steps taken to 
minimize potential bias provided:

Yes  No  (Request information 
from Applicant)

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0

Is an attachment provided with the 
reason: 

Yes  No  (Request explanation 
from Applicant)
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the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)?

was not required since 
this is an endogenous 
compound.
Instead the sponsor 
measured 12-lead ECGs 
as recommended during 
the study.

20. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product?

X

21. For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious?

X There are 113 pts 
exposed at > one year 
and 306 exposed for > 6 
months. With > 75% at 
the highest to be 
marketed dose of  
microgram. Given this 
drug was previously 
approved and marketed 
this is acceptable.

22. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division?

X

23. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms?

X

24. Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs?

X

25. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)?

X

OTHER STUDIES
26. Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions?

X

27. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)?

X

PEDIATRIC USE
28. Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral?
X PSP agreement was 

issued in Jan 2015
Requesting a Waiver 
for < 1 month of age
And Deferral for aged 1 

                                                
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious.
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim).
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month to 17 years.

ABUSE LIABILITY
29. If relevant, has the applicant submitted information to 

assess the abuse liability of the product?
X Drug is unlikely to be 

abused.
FOREIGN STUDIES
30. Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population?

X All study sites were in 
the US.

DATASETS
31. Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data? 
X

32. Has the applicant submitted datasets in the format agreed to 
previously by the Division?

X

33. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested?

X

34. Are all datasets to support the critical safety analyses 
available and complete?

X

35. For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included? 

X

CASE REPORT FORMS
36. Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)?

X Includes all deaths and 
the SAEs and dropouts 
agreed to at the 
preNDA meeting.

37. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division?

X

FINANCIAL DISCLOSURE
38. Has the applicant submitted the required Financial 

Disclosure information?
X

GOOD CLINICAL PRACTICE
39. Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures?

X

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ___Yes_____

If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

None
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