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paracalcitol treated groups exhibit an incidence that exceeds the vehicle controls, 
suggesting the lack of a formulation effect despite the very limited number of 
animals assessed for histopathology in the low dose paracalcitol groups.  
Furthermore, the Zemplar vehicle control incidence is higher than the Hospira 
vehicle despite a 2-fold higher  content.  The effect does not appear to be 
paracalcitol related either since the incidence in the low dose Hospira and 
Zemplar is higher than in the 10 μg/kg/day paracalcitol treated groups regardless 
of the formulation/manufacturer in those limited number of animals that were 
evaluated.  The severity scores are lower with Hospira paracalcitol compared to 
Zemplar.  Mural thrombus incidence does not change following a 2-week drug 
withdrawal in males.  Females given Hospira paracalcitol have a reduced 
incidence following a 2-week drug withdrawal.  Overall the incidence of mural 
thrombus formation appears quite variable across the treatment groups in the 
main or recovery portions of the study suggesting the absence of any clear 
correlation between paracalcitol doses or  concentration administered.   
 
Similar variability is seen for chronic inflammation of the rat abdominal aorta 
(injection site).   An increase in the incidence of chronic inflammation is seen in 
high dose Hospira paracalcitol treated males compared to the vehicle control 
which is not observed with the Zemplar paracalcitol compared to its control.  A 
comparison of the vehicle controls suggests that the Hospira formulation has a 
greater incidence than the Zemplar formulation.  This suggests a formulation 
related effect in males which is noted in Dr. Espandiari’s review.  Paracalcitol 
treated females show a lower incidence than the corresponding control (Hospira 
or Zemplar) suggesting the absence of a formulation effect in females.  The 
severity scores suggest less severe inflammation with Hospira compared to 
Zemplar.  The incidence with the low dose groups most likely reflect the small 
sample size as with the prior histopathology findings discussed above. The 
recovery group data suggests that the chronic inflammation does not recover in 
females. 
 
There is a difference in the incidence reported for chronic inflammation at the 
injection site during recovery in Dr. Espandiari’s review compared to the 
sponsor’s Toxicology Tabular Summary.   The incidences reported in the primary 
Pharm/Tox review are taken from the study report histopathology results table 
and are actually lower incidence than that reported by the sponsor in the 
Toxicology Tabular Summary which is reproduced below.  The analysis 
described in this memo uses the sponsor’s Summary Table below. 
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Min=minimal severity; mod=moderate severity, NA=not assayed, incidence= # rats with finding/# rats 
examined 
 
Taken together a consistent formulation or paracalcitol related effect on injection 
site histopathology (incidence or severity) has not been identified.   Since the API 

 a drug-related effect would be anticipated to be 
consistent with paracalcitol treatment.  Similarly, a formulation-related effect 
would be anticipated to be similar between the corresponding vehicle control and 
paracalcitol treatment based on similar  content.  However any difference 
between the Hospira and Zemplar products anticipated to be due to the 
formulation differences should be similar across genders, which is not observed. 
 
Dr. Espandiari identifies the Hospira Paracalcitol treated male rats as being the 
dose group expressing an elevation in chronic inflammation of the injection site 
(abdominal aorta vessel wall) incidence (60%) over the Hospira vehicle control 
(30%).  A similar increase is seen in Hospira high dose treated females (60%) 
relative to vehicle control (20%) for mural thrombus formation.  Among the 
injection site histopathology findings observed, thrombus formation is perhaps 
the most clinically relevant to the patency of the A-V fistula which is the site 
reserved for dialysis in CKD patients.  Toxicokinetics reveals greater exposure in 
males (41%) relative to females.  While this might explain the increased 
inflammation in males it can not explain the observation in mural thrombus 
formation.  The formulations tested in the Hospira treated male and female rats is 
identical.  Therefore the formulation (i.e.  can not account for the increases 
observed.   
 
Product Related Differences in Soft Tissue Mineralization 
 
The vehicle control for the Zemplar formulation as well as the low dose groups 
(1.5 μg/kg/day) for both Hospira and Zemplar paracalcitol treated groups were 
not evaluated by histopathology.  Evaluation of the high dose males (10 
μg/kg/day) reveals a delayed appearance of soft tissue mineralization (aorta-
thoracic, heart, abdominal regions; stomach, mammary gland and kidney) with 
Hospira’s product compared to the listed drug Zemplar at the same dose.  The 
incidence of tissue mineralization appears in the recovery group animals instead 
of the main study animals with Hospira, in contrast with Zemplar.  The delayed 
effect may be attributed to the higher  in the Hospira formulation compared 

  Injection Site Histopathology Incidence 2-Week 
Recovery  

Groups Endothelial 
Hyperplasia 

Mural 
Thrombus 

Chronic 
Inflammation 
Vessel Wall 

 M F M F M F 

Hospira Vehicle 
(40%  

0/5=0% 1/5=20% 
Minimal 

1/5=20% 
Mild 

2/5=40% 
Moderate

2/5=40% 
Minimal 

3/5=60% 
Minimal 

Hospira 
Paracalcitol  

10 μg/kg/day 

2/5=40% 
Min-mild 

1/5=20% 
Minimal 

2/5=40% 
Minimal 

0/5=0% 4/5=80% 
Min-mild 

4/5=80% 
Minimal 

Zemplar  Vehicle  
(20%  

NA 3/3=100% 2/3=66% 2/3=66% 0/3=0% 1/3=33% 

Zemplar 
Paracalcitol 

10 μg/kg/day  

2/5=40% 
Mild 

 

2/5=40% 
Minimal 

3/5=60% 
Min-mod 

4/5=80% 
Min-mod 

5/5=100% 
Minimal 

4/5=80% 
Min-mod 
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to Zemplar.   This potential mechanism will be discussed subsequently in this 
memo.  The overall incidence of this finding in the main and recovery study 
groups is lower with Hospira’s paracalcitol compared to Zemplar.  The severity of 
the aortic (thoracic, cardiac, abdominal regions) stomach and renal 
mineralization is greater in the Hospira paracalcitol treated groups at the same 
dose. This suggests a delay in the appearance and exacerbation of the 
mineralization with Hospira paracalcitol.  The finding appears in males more than 
females likely because of the greater drug exposure in male.   
*2 males had irregular adventitia 

**2 males had thickening of stomach wall 
 

Histopathology 
Incidence 
4-Week Rat 

Control 
Hospira Paricalcitol 

Hospira Paricalcitol 
 10  μg/kg/day 

Abbott Paricalcitol 
(Zemplar) 
10  μg/kg/day 

 M F M F M F 
    Aorta mineralization, thoracic 
Main Study 0/10 0/10 0/10 0/10 2/10 min-mod 0/10 
 2- Week Recovery 0/5 0/5 2/5* severe 0/5 3/5 min-mild 0/5 
Total  0 0 13% 0 33% 0 
   Aorta mineralization, heart 
Main Study 0/10 0/10 0/10 0/10 2/10 mild-mod 0/10 
2-Week Recovery  0/5 0/5 3/5 min-severe 0/5 4/5 minimal-

moderate 
0/5 

Total  0 0 20% 0 40% 0 
   Aorta mineralization, abdominal 
Main Study 0/10 0/10 1/10 mild 0/10 3/10 min-mod 0/10 
2-Week Recovery  0/5 0/5 3/5 mild-

severe 
0/5 3/5 severe 0/5 

Total 0 0 27% 0 40% 0 
   Stomach, mineralization, multifocal 
Main Study 0/10 0/10 0/10 0/10 2/10 min 0/10 
2-Week Recovery 0/5 0/5 2/5 * *  

min-severe 
0/5 1/5 

minimal 
0/5 

Total  0 0 13% 0 20% 0 
    Renal mineralization 
Main Study 0/10 0/10 3/10 minimal 0/10 5/10 minimal 0/10 
2-week Recovery  0/5 0/5 3/5 minimal 0/5 2/5 minimal 0/5 
Total  0 0 40% 0 47% 0 
Mammary Gland 
Main Study 0/10 0/10 0/10 0/10 3/10 min 0/10 
2-week Recovery  0/10 0/10 1/5 min 0/10 1/5 min 0/10 
Total  0 0 7% 0 27% 0 

Reference ID: 3056922



 6

 
Product differences in soft tissue mineralization may relate to  
 
Slight to moderate, occasionally statistically significant dose related increases in 
serum calcium were noted in 1.5 & 10 mcg/kg/day Hospira paracalcitol treatment 
groups for days 5, 12, 19 & 27 according to the sponsor.  Paracalcitol decreases 
iPTH, resulting in the observed increases serum calcium.  Elevated serum 
calcium is thought to correlate with tissue mineralization.   
 
Treatment on Day 1 shows a statistically significant decrease (~4%) in serum 
calcium in males given 10 mcg/kg/day Hospira paracalcitol, but not in females 
and not with Zemplar.   This initial, transient decrease in serum calcium can be 
attributed to the bolus infusion of the higher  containing formulation in the 
Hospira treatment groups.  In rats  leads to hypocalcemia which 
increases iPTH however the increase in iPTH does not correct for the 
hypocalcemia (Shah JH, et al.;Metabolism 27(3) March 1978:257-260).  This is in 
contrast with human experience where percutaneous injection of  to the 
parathyroid is used to decrease iPTH release to treat hyperparathyroidism ( 
Douthat WG, et al; Int J Nephrol. 2011; 2011: 246734).   
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sporadic observations of a variable nature.   
 
A Tcon was held with DMEP and Hospira 10/13/11 to obtain clarification on how 
the paracalcitol would be administered during dialysis.  Hospira indicated that the 
paracalcitol is administered into a port in the dialysis tubing which would dilute 
the 40%  in the drug product down to ≤5% within 1-2 seconds of 
administration.  Therefore the AV fistula would not receive direct administration of 
the 40%   This is considered the same method used for administration of 
Abbott’s Zemplar to dialysis patients; however the amount of  exposure with 
the approved product Zemplar would be much lower than 5%.   
 
Since the soft tissue mineralization is considered a function of hypercalcemia and 
CKD/dialysis patients have carefully controlled plasma calcium levels, the liability 
of tissue mineralization should be adequately controlled during clinical use.  
Therefore the apparent delay in soft-tissue mineralization seen with Hospira’s 
paracalcitol compared to Abbott’s Zemplar may relate to the higher  
concentration in the new Hospira formulation but may not achieve clinical 
significance.  It does however indicate an observed difference between the 
products.   This difference does not appear to have significant clinical relevance 
as monitoring serum calcium in the dialysis patient is part of the standard of care.  
While the appearance of the mineralization may differ between the products, the 
relatively lower overall incidence of soft-tissue mineralization suggests a potential 
advantage of Hospira’s paracalcitol in treated male rats.   
 
Findings from a one-month repeat dose toxicity study with a 2-week recovery in 
rats suggests a difference in toxicity profiles between Hospira’s paracalcitol 
product and the listed drug Zemplar (paracalcitol).  This difference in toxicity was 
observed as a time delay in the appearance of soft tissue mineralization in the 
aorta (thoracic, heart and abdominal regions) as well as the stomach and kidney 
as well as an increase in the severity scores for this finding in Hospira 
paracalcitol treated male rats compared to Zemplar. The absence of this 
observation in Hospira treated female rats may relate to differences in 
metabolism of  and lower paracalcitol exposure in female rats.  However 
this difference is qualitative and may reflect variability of the assay.  It is 
noteworthy that there is an absence of any new toxicity findings between 
products based on this comparative rat toxicology study.  Based on extensive 
experience with vitamin D analogues, serum calcium is generally considered an 
adequate biomarker for tissue mineralization.  Therefore the observed qualitative 
differences between these paracalcitol products are unlikely to achieve clinical 
significance based on the routine monitoring of serum calcium in dialysis 
patients. 
 
Recommendations:   
Qualitative differences between the Hospira and Abbott paracalcitol products 
were observed in the appearance and severity of soft-tissue mineralization as 
outlined in the primary Pharmacology/Toxicology review.  The one-month rat 
comparative toxicity study submitted in support of NDA 201-657, identified these 
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differences.   Since mineralization is attributed to hypercalcemia and serum 
calcium is routinely monitored in dialysis patients as part of the standard of care, 
it is unlikely that these differences observed in the comparative rat toxicity study 
would achieve a meaningful difference in clinical use or therapeutic outcome.   
 
The primary reviewer recommends additional nonclinical studies to explore the 
effect of 40%  on tissue mineralization and injection site inflammation 
over an extended recovery time as well as studies in a rat A-V fistula to address 
the potential clinical relevance of the prior observations.  While these studies can 
be performed to explore possible mechanisms involved, they are not considered 
necessary as the difference between the products has been identified and 
characterized in the data submitted.   
 
Based on the analysis described in this memo, Pharmacology/Toxicology 
recommends approval of NDA 201-657.  The product label should reflect the 
505b(2) nature of this application referencing the listed drug Zemplar for the 
appropriate Pharmacology/Toxicology sections (i.e. 8, 13) of the product label.   
 
 

Reference ID: 3056922

(b) (4)



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

KAREN L DAVIS BRUNO
12/12/2011
Supervisory memo

Reference ID: 3056922



Reviewer: Parvaneh Espandiari     NDA No. 201657 
 
 

 1 
 

 
 
 

DEPARTMENT OF HEALTH AND HUMAN SERVICES 
PUBLIC HEALTH SERVICE 
FOOD AND DRUG ADMINISTRATION 
CENTER FOR DRUG EVALUATION AND RESEARCH 

 
                 
PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION 
 
 

APPLICATION NUMBER:   201657 

SUPPORTING NUMBER:   3 

APPLICATION LETTER DATE:  04/07/2011 

PRODUCT:     Paricalcitol Injection, 2 and 5μg/mL  

INTENDED CLINICAL POPULATION: Prevention and treatment of secondary 
hyperparathyroidism associated with CKD 
Stage 5  

 
SPONSOR: Hospira INC 
DOCUMENTS REVIEWED:   e-CTD submission.  

REVIEW DIVISION:    DMEP 

PHARM/TOX REVIEWER:   Parvaneh Espandiari. Ph.D 

PHARM/TOX SUPERVISOR:  Karen Davis Bruno. Ph.D 

DIVISION DIRECTOR:   Dr. Mary Parks 

PROJECT MANAGER:   Jairath, Meghna 

 
Date of review submission to DARRTS: October 13, 2011 
 
 
 
 
 
 
 
 
 
 
 

Reference ID: 3028604



Reviewer: Parvaneh Espandiari     NDA No. 201657 
 
 

 2 
 

TABLE OF CONTENTS 
 

EXECUTIVE SUMMARY .............................................................................................. 2 

2.6  PHARMACOLOGY/TOXICOLOGY REVIEW................................................... 7 

2.6.1 INTRODUCTION AND DRUG HISTORY................................................................... 7 

2.6.2 PHARMACOLOGY......................................................................................................... 9 
2.6.2.1 Brief summary ................................................................................................ 9 
2.6.2.2 Primary pharmacodynamics............................................................................ 9 
2.6.2.3 Secondary pharmacodynamics........................................................................ 9 
2.6.2.4 Safety pharmacology ...................................................................................... 9 
2.6.2.5 Pharmacodynamic drug interactions............................................................... 9 

2.6.4 PHARMACOKINETICS/TOXICOKINETICS ............................................................ 9 

2.6.6 TOXICOLOGY ................................................................................................................ 9 
2.6.6.1 Overall toxicology summary........................................................................... 9 
2.6.6.3 Repeat-dose toxicity...................................................................................... 15 

2.6.7 TOXICOLOGY TABULATED SUMMARYERROR! BOOKMARK NOT DEFINED. 

OVERALL CONCLUSIONS AND RECOMMENDATIONS............................................... 50 

 

Reference ID: 3028604



Reviewer: Parvaneh Espandiari     NDA No. 201657 
 
 

 3 
 

 
Executive Summary 
 
 
I. Recommendations 
 

A. Recommendation on approvability: 
Findings from the submitted nonclinical study suggested differences in the 

toxicity profiles between Hospira paricalcitol (HP) vs. RLD (Zemplar). Therefore, P/T 
recommends additional nonclinical studies to support the safety of the new HP 
formulation for marketing approval.  

However, it is not clear how the new HP formulation will be administrated to 
patients during dialysis. If the HP infuses into the port of dialysis system, then the new 
HP formulation with a higher concentration of  will be diluted. In this case, there 
will be less concerns about the safety of the new HP formulation and patients should be 
monitored for serum calcium levels as well as inflammation at the infusion site.  

 
 
Recommendation for nonclinical studies:  

 Findings from a 4–week repeat dose toxicity study with a two week recovery in 
rats suggested: the delay in soft tissues mineralization at the aorta (thoracic, heart and 
abdominal), stomach; and increased inflammation at the infusion site (chronic vessel 
wall) in the HP-treated males. Therefore, additional nonclinical studies are required to 
assess the potential of a higher concentration of  (40%) in the new HP formulation 
on tissue mineralization over the longer recovery time and elevated chronic vessel wall 
inflammation. These studies can be designed in the rat AV fistula model to address the 
effects of  on chronic inflammation of the vessel walls (1 month with 2 week 
recovery with n=10); and a repeat dose toxicity studies (3 month with one month 
recovery with n=10) for soft tissues mineralization.  

 
 
B. Recommendations on labeling:  
Section 8.1 Pregnancy 

Same as the RLD (Zemplar) 
 
 
Section 8.3 Nursing Mothers 

Same as the RLD (Zemplar) 
. 

 
Section 13.1  Carcinogenesis, Mutagenesis, Impairment of Fertility 

Same as the RLD (Zemplar) 
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II. Summary of nonclinical findings: 
The new product, Hospira Paricalcitol (HP), has the same active ingredient, 

indications, route of administration and dosage form as the RLD, Zemplar®. A 4-week 
repeat dose intravenous study with a 2-week recovery period was conducted in rats as a 
bridging toxicity study to evaluate potential safety issues for the difference in the ratio of 
inactive ingredients in the RLD (20%  and 30% propylene glycol) to the HP (40% 

 and 10% propylene glycol).   
Findings of this study presented pharmacological changes in both compounds 

(dose-related decreases in iPTH with slight to moderate increases in serum calcium 
levels) with increases in the relative weights of the kidneys to body weight in all HD 
treated animals and/or the relative weights of the adrenals to body weight in the HP-
treated animals at HD.  These changes were correlated with renal mineralization as well 
as the renal tubular basophilia/ tubular dilation at HD groups with both compounds.   

In males at HD groups, the mean body weight gains were lower (ss) in both the 
HP (8.5%) and the RLD (8.6%) compared to the control groups during the main study. In 
addition, there was higher paricalcitol exposure in males compared to females (male 
female ratios: 2.26). The higher paricalcitol exposure in males was correlated with higher 
incidences soft tissues mineralization in males treated with both compounds. 

Findings of this study suggested the differences in toxicity profiles of these two 
compounds based on the delay in the onset of tissues mineralization and elevated 
inflammation at the infusion site in the HP-treated males. At the end of the recovery 
study (2 week) the incidences of soft tissues mineralization in both compounds were 
almost similar. See Table below for the histopathological findings of soft tissue 
mineralization.  

 
 Control 

Hospira Paricalcitol 
Hospira Paricalcitol 

HD 
Abbott Paricalcitol 

HD 
 M F M F M F 

    Aorta mineralization, thoracic 
Main Study 0/10 0/10 0/10 0/10 2/10 0/10 

 Recovery Study 0/5 0/5 2/5* 0/5 3/5 0/5 
   Aorta mineralization, heart 
Main Study 0/10 0/10 0/10 0/10 2/10 0/10 

Recovery Study 0/5 0/5 3/5 0/5 4/5 0/5 
   Aorta mineralization, abdominal 
Main Study 0/10 0/10 1/10 0/10 3/10 0/10 

Recovery Study 0/5 0/5 3/5 0/5 3/5 0/5 
   Stomach, mineralization, multifocal 
Main Study 0/10 0/10 0/10 0/10 2/10 0/10 

Recovery Study 0/5 0/5 2/5 * * 0/5 1/5 0/5 
    Renal mineralization 
Main Study 0/10 0/10 3/10 0/10 5/10 0/10 

Recovery Study 0/5 0/5 3/5 0/5 2/5 0/5 
*sponsor indicated these 2 males had irregular adventitia 
* * sponsor indicated these 2 males had thickening of stomach wall 
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 The histopathological findings at the infusion site were submitted for endothelial 
hyperplasia, mural thrombus and inflammation chronic vessel wall. Findings of these 
data suggested a higher percentage of inflammation at the infusion site in the HP-treated 
males at HD compared to the RLD (60% vs. 10%).  The inflammation at the infusion site 
in the HP-treated males was still present at the end of the recovery (HP: 20% vs. RLD: 
0%).  Moreover, the comparison between two vehicle controls during both the main and 
the recovery studies also showed higher incidences of inflammation at the infusion site 
with the HP vehicle compared to the Zemplar vehicle (  concentration 40% vs. 
20%). See Tables below for the histopathological findings at the infusion site:  
 

Main Study (4 Weeks) 
Groups Endothelial Hyperplasia Mural Thrombus Inflammation Chronic 

Vessel Wall 
  M F M F M F 

HP Vehicle  
(40%  

5/10=50% 7/10=70% 7/10=70% 2/10=20% 3/10=30% 4/10=40% 

HP  (LD) 0/4=0% 2/4=50% 4/4=100% 3/4=75% 0/4=0% 0/4=0% 
HP  (HD) 5/10=50% 4/10=40% 5/10=50% 6/10=60% 6/10=60% 1/10=10% 

Zemplar  Vehicle 
(20%  

0/7=0% 2/4=50% 6/7=85% 2/4=50% 1/7=14% 2/4=50% 

Zemplar (LD)  3/6=50% 1/5=20% 4/6=66% 5/5=100% 0/6=0% 1/5=20% 
Zemplar (HD) 5/10=50% 3/10=30% 8/10=80% 5/10=50% 1/10=10% 2/10=20% 
 
 

Recovery Study (2 Weeks) 
Groups Endothelial Hyperplasia Mural Thrombus Chronic Inflammation Vessel 

Wall 
 M F M F M F 

HP Vehicle 
 (40%  

0/5=0% 1/5=20% 1/5=20% 2/5=40% 1/5=20% 1/5=20% 

HP (HD) 2/5=40% 1/5=20% 2/5=40% 0/5=0% 1/5=20% 3/5=60% 

Zemplar  Vehicle 
(20%  

0/3=0% 3/3=100% 2/3=66% 2/3=66% 0/3=0% 1/3=33% 

Zemplar (HD) 2/5=40% 2/5=40% 3/5=60% 4/5=80% 0/5=0% 1/3=33% 

Reviewer: The sponsor reported that the histopathological examination was performed on tissues from 3 
groups of control Hospira, HD Hospira and HD Zemplar from the main and the recovery studies. 
However, in the submitted NDA, in the appendix 11, small numbers of animals were evaluated from LD 
and control Zemplar treated animals for the infusion site histopathology which were included in Tables 
above.  In addition, there were differences in number of incidences in the sponsor summary tables with the 
sponsor result tables. Incidences in Tables above were selected from the result section of the NDA package. 

 
In Summary, findings of this study suggested differences in toxicity profiles 

between the HP and the RLD in following:  
1. The delay in the onset of soft tissue mineralization (aorta: thoracic, heart; and 
stomach) was observed only in the HD treated males given the HP. Although at the end 
of the recovery study (2 week) these incidences were almost similar between two 
compounds, it is not known how the incidences of soft tissues mineralization would 
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 
  

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
NDA number:  201657 

Review number:  1 
 
Supporting document#/date/type of submission: 3/April 07, 2011/ 505(b)(2)  
 
Information to sponsor: Yes (X) No () 
 
Sponsor and/or agent:    Hospira INC 
 
Manufacturer for drug substance:  Formosa Laboratories, Inc. 
 
Reviewer name:  Parvaneh Espandiari  
 
Division name:  DMEP  
 
HFD #: 510     
 
Review completion date: September 23, 2011 
 
Drug: 
 Trade name:  (1α,3β,7E,22E)-19-Nor-9,10-Secoergosta-5,7,22-triene-1,3,25-triol 
 CAS registry number:  131918-61 

Molecular formula/molecular weight: C27H44O3/416.64 AMU 
Structure: 

 
Relevant INDs/NDAs/DMFs:  NDA 020819 
 
Drug class:  Vitamin D analogue of calcitriol 
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Intended clinical population: Prevention and treatment of secondary 
hyperparathyroidism associated with chronic kidney disease stage 5.  
 
Clinical formulation:   
See Table below from the sponsor: 

 
No excipients exceed the IIG limits for maximum daily dose and route of 

administration. Dosage forms and strengths are: Paricalcitol injection as a multi-use vial 
for 2 mcg/1 mL, 5 mcg/1 mL and 10 mcg/2 mL. In 2 or 5 ug/mL solution for injection, 
the concentrations of  and propylene glycol are 20%v/v and 30% v/v 
(respectively) in RLD and 40% v/v and 10% v/v (respectively) in Hospira Paricalcitol.  
 
Route of administration:  
Intravenous   
 
Disclaimer:  Tabular and graphical information are constructed by the reviewer unless 
cited otherwise. 
 
Data reliance: Except as specifically identified below, all data and information discussed 
below necessary for approval of NDA201657 are owned by Hospira Inc. or are data for 
which Hospira Inc. has obtained a written right of reference.  Any information or data 
necessary for approval of NDA 201657 that Hospira Inc. does not own or have a written 
right to reference constitutes one of the following: (1) published literature, or (2) a prior 
FDA finding of safety or effectiveness for a listed drug, as described in the drug’s 
approved labeling.  Any data or information described or referenced below from a 
previously approved application that Hospira Inc. does not own (or from FDA reviews or 
summaries of a previously approved application) is for descriptive purposes only and is 
not relied upon for approval of NDA201657. 
 
Studies reviewed within this submission:   
A 4-week repeat dose toxicity studies in rats 
 
Studies not reviewed within this submission:  
None 
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2.6.2 PHARMACOLOGY 
2.6.2.1 Brief summary   
No new information.  
 
2.6.2.2 Primary pharmacodynamics   
No new information.  
 
2.6.2.3 Secondary pharmacodynamics   
No new information.  
 
2.6.2.4 Safety pharmacology   
No new information.  
 
 Pharmacodynamic drug interactions   
No new information.  

2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
No new information.  

2.6.6 TOXICOLOGY 
2.6.6.1 Overall toxicology summary   
Summary: 
A 4-week repeat dose toxicity study in Sprague Dawley rats with a 2-week recovery 
period was conducted to assess the potential toxicity as well as to compare TK and PD of 
the HP to the RLD. Findings of this study showed consistency between the 
pharmacological effects of the new product to the RLD.  New toxicity profiles were 
identified as following:  the delay in the onset of the mineralization of soft tissues, and 
increased inflammation at the infusion site in the HP-treated males at HD compared to 
the RLD.   
 
Study title:   
A 4-week repeat dose intravenous toxicity study with a 2-week recovery period in 
rats 
Key findings:  
• In males, at HD groups, the mean body weight gains (ss) were lower in the HP (8.5%) 

and the RLD (8.6%) compared to the control groups during the main study. At the 
end of the study, the mean body weight gains were comparable in all groups. In 
addition, there was higher paricalcitol exposure in males compared to females (male 
female ratios: 2.26), which correlated to higher incidences of soft tissue 
mineralization in males.  

• Different doses of both compounds induced a similar extent of pharmacological 
effects (dose-response decreased iPTH levels and increased serum calcium levels).  In 
addition, the relative weights of the kidneys increased to body weight at HD groups 
(HP: 8.3% M; 13.3% F and RLD: 9.8%M; 11.6% F) and/or adrenal relative weights 
to the body weights increased only at HD treated with the HP (41.8%M; 20.4%F).  At 
the end of the study, organ weights were comparable in all animals.  
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• At HD groups, increased incidences of soft tissues mineralization in the different 
regions of the aorta and the stomach were reported for: the RLD males during both 
the main and the recovery studies; and for the HP males only during the recovery 
study suggesting delayed effect in soft tissues mineralization with the new HP 
formulation.  At the end of the recovery study, incidences of soft tissues 
mineralization were similar between two compounds. 

• In males at HD, at the infusion site, higher incidences of inflammation were reported 
in the HP-treated animals compared to the RLD (60% vs. 10%). At the end of the 
study, inflammation at the infusion site was still presented only in the HP-treated 
animals (in males: HP 20% vs. 0% RLD; in females: 60% vs. 33%).  
 

Study no.:  71332 
Conducting laboratory and location:  ITR Laboratories Canada Inc (ITR)  
Date of study initiation:  November 22, 2010 
GLP compliance:  yes 
QA report:  yes (X) no (  ) 
Drug, lot #, and % purity: Paricalcitol, H0I227; and %100.0 
Control HS: Control HS: Hospira Placebo (Propylene Glycol:  Water; 10:40:50 
v/v/v); Lot #: NB 02442:064; manufacturer: Hospira, Inc.  
Control ZM: Zemplar Placebo: (Propylene Glycol:  Water; 30:20:50 v/v/v); Lot 
#: NB 02442:065; manufacturer: Hospira, Inc. 
 

Methods 

Doses: 

Total of 12 doses for controls and test articles in both female and male animals as 
following: 0, 1.5 and 10ug/kg/day Hospira and 0, 1.5 and 10ug/kg/day Zemplar. 
Dosing on Days 1, 3, 5, 8, 10, 12, 15, 17, 19, 22, 24 and 26.  See Table below 
from the sponsor: 

 
Species/source Sprague Dawley/ Charles River, Canada Inc., 
Age: 10 weeks old 
Weight: 307 g to 464 g for males and from 202 g to288 g for females. 
Number/sex/group:  
(main study) 10/sex/group (6 dose groups) 

Number/sex/group 
(TK)  

6/sex/group (Hospira LD, Hospira HD, Zemplar LD and Zemplar HD; and 
3/group for male Control Hospira Placebo  and Zemplar placebo) 

Reference ID: 3028604
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Number/sex/group 
(recovery) 

5/sex/group for: Controls (Hospira placebo and Zemplar placebo); and HD groups  
(Zemplar and Hospira) 

Route, formulation, 
dose volume  

For treatment, the intravenous catheter inserted into the femoral vein and advanced into 
the vena cava. The catheter was exteriorized at the nape of the neck using a metal stylet 
which created a subcutaneous tunnel from the inguinal area to the dorso-cervical area. 
The infusion rate was controlled by an infusion pump. Rats were administered 
paracalcitol by bolus IV injection to the indwelling catheter.  Dosing: 3X/week, for 4 
weeks (total of 12 doses on Days 1, 3, 5, 8, 10, 12, 15, 17, 19, 22, 24 and 26). 
Formulation for HP: 5 μg/mL solution in placebo (aqueous 10% (v/v) propylene 
glycol, 40% (v/v) alcohol (  and 50% (v/v) water; 2 mL/kg for the animals 
of Groups 1, 2, 4 and 6, and 0.3 mL/kg for the animals of Groups 3 and 5, 
respectively. 

 
Study Design Summary: 

Observation and Times: 

Clinical Findings: recorded daily 

Body weights: recorded on the day of arrival, first day of study and weekly during the treatment 
as well as terminally prior to  

Food consumption: Weekly: pre-treatment period, throughout treatment and recovery periods 

Ophthalmoscopy: performed before treatment, once at the end of the treatment period  

Urinalysis: Urine samples on Day 28 (Main study) and on Day 42 (Recovery study) 

Hematology and 
Clinical 
Chemistry: 

Blood samples on Day 28 (Main study) and on Day 42 (Recovery study) 

Gross pathology: For specified organs/tissues  

Organ weights: specified organs/tissues were weighed at termination 

Toxicokinetics: 
6 blood samples (0.5 mL each) were collected on Days 1 and 26 at pre-dose, 0.5, 2, 
6, 12 and 24 hours after treatment (3 rats/sex/group/time point). 2 cohorts from 
groups 3 to 6 (except for the Control animals; 3 male rats/group).  

Histopathology: 

Specified organs/tissues were fixed (4%formaldehyde) and examined.  
Reviewer: The sponsor reported that the histopathological examination was performed on tissues 
from 3 groups of control Hospira, HD Hospira and HD Zemplar from the main and the recovery 
studies. However, in the submitted NDA, in the appendix 11, small numbers of animals were 
evaluated from LD and control Zemplar treated animals  for the infusion site histopathology which 
were included in Tables in Page 5.   
Adequate Battery:  yes (X), no ( ) 
Peer review: yes (X), no ( )  
See the Table below from sponsor  for tissues that were inspected:  
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Results: 
There were no reports of any mortality or changes in clinical signs, food consumption, 
ocular, hematology, coagulation, and urinalysis. 
Body weights:   
At HD in all males, the mean body weight gains were lower (ss) in both the HP (8.5%) 
and the RLD (8.6%) compared to the control groups. However, the body weight gains 
were increased greater in males at HD groups during the recovery period compared to 
females at HD groups. See Tables below from the sponsor:  
Main study: 
 

      

 
Recovery study: 
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Hematology:   
No remarkable changes in any treatment groups. 
 
Clinical chemistry:   
Dose-related decreases in iPTH (maximally for both compounds on Day 19 for LD and on 
Day 5 for HD) as well as increases in serum calcium levels (peaked on Day 27 at LD and HD 
for both compounds) were reported.  There was no clear difference in the severity of the 
changes between sexes.  
See Tables below from the sponsor:   
 
 

 
Hematology and Coagulation parameters: 
No remarkable changes  
 
Urinalysis:  
Not remarkable changes  
 
Organ weights:   
Only the HP-treated animals were evaluated for any changes in organ weights as well as 
kidneys in Zemplar groups. In these organs, at HD, increases in kidneys and adrenals 
weights were noted as following: 
Main study  
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• Kidneys: increases in the mean absolute weight (HP: 2.3% M; 10.0% F; Zemplar: 
3.8%M; 9.1%F) and relative body weight (HP: 8.3% M; 13.3%F; Zemplar: 9.8M; 
11.6%F) 

• Adrenals: in the HP treated animals, increases in the mean absolute weight 
(30.8% M; 16.9% F); and relative body weight (41.8% M; 20.4% F)  

Recovery study 
Organ weights were comparable to control animals.  
 See Tables below from the sponsor:  

 

 
 
Complete organ weights data in Appendix.  
 
Gross Pathology: 
Kidneys:  
Main study 

• Irregular surface/ mottling was reported in treated males: HP (1/control); Zemplar 
(2/LD and 4/HD) 

• Pale discoloration/irregular surface was reported only in one male at HD given 
HP.  See Table below from the sponsor: 

 

 
Recovery study: 

Irregular surface/pale discoloration was still present in males at HD: 1 in Zemplar and 
1 in HP. See Table below from the sponsor:  
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Infusion Site: 
Main study 
Dark/pale material (with or without thickening of the vessel wall) was reported at the 
injection site in all treated animals. See Table below from the sponsor:  

 
Recovery study  
Pale or dark material (with or without thickening of the vessel wall) was still presented at 
HD treated animals: Zemplar (4 M; 2F); HP (5M; 2F) as well as in control animals: 
Zemplar (3M; 3F); HP: (1M; 2F).  See Table below from the sponsor: 

 
Reviewer: this incidence might be due to the biological variations since there was lower 
in the control animals from the recovery study compared to control animals from the 
main study.  
Complete gross pathology data in the appendix. 
 
Histopathology:  
Adequate Battery:  yes (x), no (  ) — explain   
Peer review:  yes (x), no (  ) 
Aorta at level of infusion site for heart, thoracic, abdominal: 
Main study 
 Treatment-related mineralization was reported only in males at HD as following: 
Zemplar: thoracic (2); heart (2) and infusion site (3); HP: infusion site (1). See Table 
below from the sponsor: 
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Recovery study: 
Mineralization was still present at the aorta site (heart, thoracic and abdominal) in HD 
treated males as following: heart: Zemplar (4) and HP (3); thoracic: Zemplar (3) and HP 
(2); infusion site Zemplar (3) and HP (3). Data from the recovery study suggested that 
HP-treated males had delayed onset of the mineralization in the aorta (heart and thoracic) 
compared to the Zemplar-treated males. In addition, mineralization of the thoracic in 2 
males in the HP at HD was correlated with the irregular surface of the adventitia from the 
histopathology report.  See Table below from the sponsor: 

  
 
Stomach:  
Main study 
Mineralization was noted in the stomach in 2 HD Zemplar treated males. See Table 
below from the sponsor:   
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Recovery study: 
• Tubular basophilia was still reported in HD treated animals: HP: Control (2M); HD 

(5M; 3 F); and Zemplar, HD (4M; 2F); this incidence was correlated with the 
macroscopic finding of irregular surface/pale discoloration in these animals. 

• Tubular dilatation was still reported at HD treated animals: HP (3M; 2 F) and Zemplar 
(3 M; 1 F). 

• Mineralization was observed at HD treated males: HP (3) and Zemplar (2). 
See Table below from the sponsor: 

 
Infusion site 
Main study:  
Endothelial hyperplasia, mural thrombus and chronic inflammation were reported at 
infusion site which correlated with the macroscopic findings of pale or dark material 
with/without thickening in both genders.  See Table below from the sponsor:   
Reviewer: for the infusion site, the total number for all changes that was reported by the 
sponsor did not correlate to the total number by adding cases for each incidence (Table 
below). The total number should be: Males: 0HS (15); 10H (16); 10Z (14); Females: 
0HS (13); 10H (11); and 10 Z (10).  
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Aorta  
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Toxicokinetics: 
There was no significant difference in the mean paricalcitol Cmax between Day 1 to Day 
26 of treatment. It appears that there is higher paricalcitol exposure in male compared to 
female animals (male versus female ratios for Cmax and AUC0-t ranging from 0.92 to 
2.26). Results from the accumulation ratios (0.87 to 1.11 for HP; 0.83 to 1.13 for 
Zemplar) suggested no accumulation for both products. See the Tables below from the 
sponsor for samples that were collected and TK analysis:   
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
Treatment of metabolic bone disease associated with chronic kidney disease needs 

the correction of abnormal PTH levels and normalization of calcium and phosphorus 
homeostasis.  Paricalcitol is a synthetic, biologically active vitamin D analog of calcitriol 
with modifications to the side chain (D2) and the A (19-nor) ring which activates the 
vitamin D receptor in the parathyroid glands (without increasing the vitamin D receptor 
in the intestine) and up regulates the calcium sensing receptor in the parathyroid glands.  

The safety profile of the Zemplar (NDA 020819) has been well established.  
Consequently, nonclinical (pharmacology, pharmacokinetics and toxicology) studies for 
the HP (2 and 5 ug/mL) solution are relying on the previous findings of the safety and 
efficacy for Zemplar.  

A 4-week repeat dose toxicity study in Sprague Dawley rats with a 2-week 
recovery period was conducted to assess the potential toxicity as well as to compare TK 
and PD of the HP to the RLD. Results of this study presented a similar extent of 
pharmacological changes in both compounds (dose-related decreased in iPTH with a 
slight to moderate increase in serum calcium levels) with increases in the relative weights 
of the kidneys to the body weights in all HD treated animals and/or the relative weights 
of the adrenals to the body weights in the HD treated HP group. These changes were 
correlated with renal mineralization as well as renal tubular basophilia/ tubular dilation of 
the HD groups of both compounds. Since the product is designed for administration to 
ESRD patients on dialysis, the renal findings in normal rats are not clinically relevant.  In 
males at HD groups, the mean body weight gains were (ss) lower (HP: 8.5%; RLD: 
8.6%) compared to the control groups during the main study. In addition, there was 
higher paricalcitol exposure in males compared to females (male female ratios: 2.26). The 
higher paricalcitol exposure in males was correlated with higher incidences of soft tissues 
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Appendix: 
Organ weights: 
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Gross Pathology: 
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908 

NDA Number: 201657 Applicant: Hospira, Inc. Stamp Date: 07 April 2011 

Drug Name: Paricalcitol Injection, 2 
mcg/m and 5mcg/mL 

NDA Type: 505(b)2 Indication:  Prevention and treatment of secondary 
hyperparathyrodism associated with chronic kidney 
disease Stage 5 

  
 

 
Content Parameter 

 
Yes

 
No 

 
Comment 

1 Is the pharmacology/toxicology section 
organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

Section 4.2.3. Toxicology 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

X 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

 
 

 
 

 
Due to different concentrations of  propylene 
glycol in the RLD, Zemplar®, and in the new product, 
Hospira Paricalcitol, a bridging 4-week repeat dose 
intravenous (bolus) toxicity study with the 2-week 
recovery period in SD rats was conducted.  
 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

 
 

 
 

 
The repeat-dose toxicity study was conducted with: the 
appropriate route of administration (intravenous bolus 
injection via a surgically implanted intravenous 
catheter); and the same formulation that the new product 
will be marketed.  
 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

X 
 

 
 

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X 
 

 
 

 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

___ ___ 

 
 
Not Applicable 
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Content Parameter 

 
Yes

 
No 

 
Comment 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

X  

 
 
The proposed labeling is the same as the labeling of the 
RLD and data express human dose multiples in mg/m2. 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

 X 

 
 
 

11 Has the applicant addressed any abuse 
potential issues in the submission?  X 

 
 
 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

X  

 
Provided a nonclinical toxicity bridge study to the RLD 
is sufficient. 
 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ____Yes_√___ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology 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. 
 
 
Parvaneh Espandiari, Ph.D 
Reviewing Pharmacologist      Date 
 
Karen Davis-Bruno, Ph.D 
Team Leader/Supervisor      Date 
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