
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

210045Orig1s000 
 
 

NON-CLINICAL REVIEW(S) 



1

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY NDA/BLA REVIEW AND EVALUATION

Application number: NDA210045

Supporting document/s: 0001

Applicant’s letter date: August 1, 2017

CDER stamp date:

Product: Celecoxib and amlodipine fixed dose combination

Indication: Patients requiring  

 for osteoarthritis and also require treatment of 

hypertension

Applicant: Kitov Pharmaceuticals

Review Division: DCRP

Reviewer: Elizabeth Hausner DVM

Supervisor/Team Leader: Thomas Papoian PhD

Division Director: Norman Stockbridge MD, PhD

Project Manager: Sabry Soukehal, RHPM

Disclaimer

Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA210045 are owned by Kitov Pharmaceuticals or are data for which Kitov 
Pharmaceuticals has obtained a written right of reference.
Any information or data necessary for approval of NDA 210045 that Kitov Pharmaceuticals 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 reflected in 
the drug’s approved labeling.  Any data or information described or referenced below from 
reviews or publicly available summaries of a previously approved application is for descriptive 
purposes only and is not relied upon for approval of NDA 210045.
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1 Executive Summary

1.1 Introduction
This fixed dose combination(FDC) of celecoxib and amlodipine is submitted as a 505(b)(2) with 
reference to NDA020998 (celecoxib) and NDA019787(amlodipine). Amlodipine was approved 
in 1992. Celecoxib was approved in 1998.  The FDC is intended to facilitate once a day dosing 
for those patients requiring both of the individual components.

1.2 Brief Discussion of Nonclinical Findings
No new nonclinical studies were submitted with this application.

1.3 Recommendations

1.3.1 Approvability
From the nonclinical perspective, this product can be approved.

1.3.2 Additional Nonclinical Recommendations
None.

1.3.3 Labeling
The nonclinical sections of the draft label contain the information from the current package 
inserts for amlodipine and celecoxib.
Norvasc: http://labeling.pfizer.com/showlabeling.aspx?id=562 accessed February 9, 2018.
Norvasc label updated November, 2017.
Celecoxib: http://labeling.pfizer.com/ShowLabeling.aspx?id=793 accessed February 9, 2018.
Celecoxib label updated May, 2016.
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2 Drug Information

2.1 Drug
amlodipine Celecoxib

Trade Name: Proposed:   (primary) or Consensi(secondary)
Generic Name: amlodipine Celecoxib
Code Name: KIT-302
Chemical Name:

CAS Registry 
Number:

111470-99-6 169590-42-5

Molecular 
Formula/Molecular 
Weight:

C20H25ClN2O5.C6H6O3S
567.1 g/mol

C17H14F3N3O2S
381.4 g/mol

Structure or 
Biochemical 
Description

Pharmacologic Class: Dihydropyridine calcium antagonist Inhibitor of cyclooxygenase-2
Route of 
Administration:

Oral

2.2 Relevant INDs, NDAs, BLAs and DMFs
The sponsor references NDA20998 for Celebrex, the reference label drug for celecoxib,
and NDA 19787 for Norvasc, the reference label drug for amlodipine. This fixed dose 
combination was started in development under IND112830.

2.3 Drug Formulation
An immediate release tablet in strengths(celecoxib/amlodipine) of 200mg/2.5 mg, 200mg/5 mg, 
and 200mg/10 mg. The formulation is shown in the sponsor’s table below.
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2.4 Comments on Novel Excipients
None of the listed excipients are novel.

2.5 Comments on Impurities/Degradants of Concern
A drug master file is referenced for both components. The Review Chemists have not expressed 
concerns over any impurities. 

amlodipine: DMF
celecoxib: DMF

2.6 Proposed Clinical Population and Dosing Regimen
The FDC is to be given orally, once per day to those with both hypertension and osteoarthritis.
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2.7 Regulatory Background
This FDC was introduced as IND 112830 in July, 2011. The pre-NDA meeting was held with the 
Division April 11, 2016. At this meeting the Division agreed with the Sponsor that given the well 
established nonclinical and clinical safety profiles for the individual components and the planned 
usage of the FDC, no further nonclinical studies would be required to support the NDA filing for 
KIT-302. The Division did request a focused literature search to address a pharmacodynamic
effect noted in KIT302-03-01; that is, in the presence of celecoxib and amlodipine, systolic blood 
pressure decreased more than with amlodipine alone. The combination of celecoxib and 
amlodipine results in lower plasma exposure to amlodipine compared to administration of 
amlodipine alone. Previous reports of celecoxib inhibiting L-type voltage dependent calcium 
channels (Brueggeman et. al. Mol Pharmacol, 2009;76:1053-1061.) as well as any other studies 
that contribute to understanding this drug-drug-interaction were to be provided.
The Sponsor has requested a full waiver of pediatric studies due to the impractical nature of these 
clinical trials. It is unlikely that pediatric patients with osteoarthritis and hypertension could be 
identified. The Division agreed in a letter dated May 31, 2017.

3 Studies Submitted

3.1 Studies Reviewed 
No nonclinical studies were submitted.

3.2 Studies Not Reviewed 
Not applicable.

3.3 Previous Reviews Referenced
Not applicable.

4 Pharmacology

4.1 Primary Pharmacology
Amlodipine is a dihydropyridine calcium antagonist that inhibits the transmembrane flux of 
calcium ions into vascular smooth muscle and cardiac muscle.  This inhibition is selective, with a 
greater effect on vascular smooth muscle cells than on cardiac muscle cells.  The result is 
peripheral arterial vasodilation causing a reduction in peripheral vascular resistance and blood 
pressure. 

Celecoxib is a non-steroidal anti-inflammatory agent. The mechanism of action is believed to be 
due to inhibition of prostaglandin synthesis, primarily by inhibition of cyclooxygenase-2 (COX-
2). At therapeutic concentrations in humans, celecoxib supposedly does not inhibit 
cyclooxygenase-1 (COX-1).  There are some suggestions in the literature that the selectivity for 
COX-2 is not absolute. 

The clinical data showed that the combination of celecoxib and amlodipine produced a greater 
lowering of both systolic and diastolic blood pressure than did amlodipine alone. 
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When administered in the fixed dose combination, amlodipine shows a lower plasma AUC than 
when given alone.  
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From the Sponsor’s biopharmaceutics report

From the Sponsor’s biopharmaceutics report:
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The exclusion criteria for the clinical trial included the following:

In general, the inclusion criteria specified people with newly diagnosed hypertension, but who 
were otherwise healthy individuals from 40 to 75 years of age.

The Sponsor was asked to conduct a focused literature search to try to address this phenomenon.
Most of the references provided by the Sponsor were uninformative with respect to the apparent 
enhancement of blood pressure lowering reported with the combined use of celecoxib and 
amlodipine. 

There appear to be several possible explanations:
1. The combination of amlodipine and celecoxib has a unique, direct, anti-hypertensive 

effect
2. The combination of amlodipine and celecoxib has a unique analgesic effect. Relief from 

pain indirectly caused the blood pressure lowering effect.
3. There is an error or the finding is artefactual.

1. The combination of amlodipine and celecoxib has unique anti-hypertensive effects.
The website ehealthme.com notes that based on reports of 98,692 people with side 
effects, low blood pressure is found among those who take celecoxib. The common 
factors seem to be female, 60 years of age or older, also take Lasix (furosemide) and have 
high blood pressure (http://www.ehealthme.com/ds/celebrex/low-blood-pressure/
accessed August 1, 2017). 
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From www.ehealthme.com/ds/celebrex/low-blood-pressure:
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From www.ehealthme.com/ds/celebrex/low-blood-pressure:

Based on the adverse event reports, a decline in blood pressure is a rare event. For this to be the 
cause of the current clinical observation, people susceptible to this rare event would have to be 
clustered in the combination treatment group. The likelihood seems low.

2. The combination of amlodipine and celecoxib has a unique analgesic effect and indirect 
blood pressure lowering through pain relief.

a. There is data to suggest that this is possible. Several articles discussed voltage 
dependent calcium channels (VDCC) as potential targets for pain control. This 
was in reference to two situations: the “wind up” phenomenon where persistent 
firing of the peripheral pain receptors causes a hypersensitization and in 
neuropathic pain. The wind up phenomenon involves NMDA receptors and 
VDCC in the dorsal root ganglion. In the unstimulated state or acute pain, the 
NMDA receptor channel is blocked by a Mg2+ ion. In chronic pain, the Mg2+ ion 
is removed from the channel which can now serve as a conduit for calcium ions. 
Calcium channel blockers such as gabapentin act at this site. There was a 
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reference that amlodipine could provide analgesia at the level of the dorsal root 
ganglion (Dogrul, 1997). The hypersensitization of chronic pain leads to 
neuropathic pain, in which the central nervous system has “re-wired.” Several 
calcium channel anti-hypertensive agents that cross the blood brain barrier are 
being investigated for relief of neuropathic pain.  Amlodipine has not been 
reported to cross the blood brain barrier. While it is possible that in the current 
clinical trial that amlodipine is providing analgesia at the level of the dorsal root 
ganglion, which is outside the blood brain barrier, this hypothesis is not probable. 
It requires a clustering of people in this state of chronic pain, susceptible to this 
mechanism.

b. A second possibility is through enhancement of endogenous metabolism. 
Arachidonic acid can be metabolized via cyclooxygenase, lipoxygenase, or 
CYP2C9. The CYP2C9 pathway produces several different 
hydroxyeicosatetraenoic acids (HETEs), which cause relaxation of vascular 
smooth muscle and thus decreased blood pressure. The HETEs are metabolized to 
relatively inactive dihydroxy forms (DHETEs) by soluble epoxide hydrolase
(sEH). If amlodipine inhibits sEH to any degree, the presence of the HETEs 
would be prolonged, potentially causing a decrease in blood pressure in addition 
to that provided by the calcium channel blockade. It has been demonstrated that 
celecoxib causes an increase in HETE production. Information about amlodipine 
and any effect on sEH was not found. This is the only hypothesis that does not 
require a special patient population. However, the definitive information, i.e., 
does amlodipine inhibit sEH at clinically relevant concentrations, is not available

3. There is an error or the finding is artefactual.
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4.3 Safety Pharmacology
Not applicable.  No new studies were submitted.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
Information was obtained from the package inserts of the referenced label drug.

Celecoxib

Celecoxib is highly protein bound (~97%). Based upon in vitro studies, the drug is 
—acid glycoprotein. The 

apparent volume of distribution at steady state (Vss/F) is 400 L, suggesting extensive 
distribution in to the tissues. Celecoxib is not preferentially bound to red blood cells. 

Celecoxib is primarily metabolized by CYP2C9. Three metabolites have been identified 
in human plasma: a primary alcohol, the corresponding carboxylic acid, and the 
glucuronide conjugate. These metabolites are regarded as inactive as COX-1 or COX-2
inhibitors.
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Elimination is predominantly by hepatic metabolism with little (<3%) unchanged drug 
recovered from urine and feces. Radiolabel studies indicate that some 57% of a dose is 
recovered in the feces and 27% excreted into the urine.  The primary eliminated 
metabolite was the carboxylic acid followed by the glucuronide.

Amlodipine

Amlodipine is extensively (about 90%) converted to inactive metabolites via hepatic 
metabolism. Approximately 10% of parent compound and 60% of the metabolites are 
excreted in the urine.

The drug is highly protein bound with approximately 93% bound to plasma proteins. 

6 General Toxicology

No further information on the package inserts.

7 Genetic Toxicology
Celecoxib

Celecoxib was not mutagenic in an Ames assay, Chinese hamster ovary (CHO) cells, nor 
clastogenic in a chromosome aberration assay in CHO cells and an in vivo micronucleus 
test in rat bone marrow. 

Amlodipine

Mutagenicity studies conducted with amlodipine maleate revealed no drug related effects 
at either the gene or chromosome level. The label does not specify which assays were 
used.

8 Carcinogenicity

Celecoxib

Celecoxib was not carcinogenic in rats given oral doses up to 200 mg/kg for males and 10 
mg/kg for females (approximately 2-4-fold the human exposure as measured by the 
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AUC0-24 at 200 mg BID) or in mice given oral doses up to 25 mg/kg for males and 50 
mg/kg for females (approximately equal to human exposure as measured by the AUC0-24 
at 200 mg BID) for two years.

Amlodipine

Rats and mice treated with amlodipine maleate in the diet up to two years, at 
concentrations calculated to provide daily dosage levels of 0.5, 1.25, and 2.5 amlodipine 
mg/kg/day, showed no evidence of a carcinogenic effect of the drug. For the mouse, the 
highest dose was, on a mg/m2 basis, similar to the maximum recommended human dose 
of 10 mg amlodipine/day based on a 50 kg patient. For the rat, the highest dose was, on a
mg/m2 basis, about twice the maximum recommended human dose, again assuming a 50 
kg patient.

9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development
Celecoxib

Fertility
Celecoxib did not impair male and female fertility in rats at oral doses up to 600 

mg/kg/day (approximately 11-fold human exposure at 200 mg BID based on the 
AUC0-24).

Amlodipine

Fertility

There was no effect on fertility of rats treated orally with amlodipine maleate (males for 
64 days and females for 14 days prior to mating) at doses up to 10 mg amlodipine/kg/day 
(8 times the maximum recommended human dose of 10 mg/day on a mg/m2 basis for a 
50 kg patient).

9.2 Prenatal and Postnatal Development
Celecoxib

ximately 2-fold human exposure at 200 mg 
BID as measured by AUC0-24), celecoxib caused an increased incidence of ventricular 
septal defects, a rare event, and fetal alterations, such as fused ribs, sternebrae fused, and 
sternebrae misshapen when rabbits were treated throughout organogenesis. A dose-
dependent increase in diaphragmatic hernias was observed when rats were given 
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-fold human exposure based on 
the AUC0-24 at 200 mg BID) throughout organogenesis. 

Celecoxib produced pre-implantation and post-implantation losses and reduced 
-fold human 

exposure based on the AUC0-24 at 200 mg BID.  The package insert states that  
 

 Three was no evidence of celecoxib causing delayed labor or
parturition at oral doses up to 100 mg/kg in rats (approximately 7-fold human exposure as 
measured by the AUC0-24 at 200 mg BID.

Amlodipine

Developmental Effects

No evidence of teratogenicity or other embryo/fetal toxicity was found when pregnant 
rats and rabbits were treated orally with amlodipine maleate at doses of up to 10 mg 
amlodipine/kg/day (88 times and 23 times, respectively, the maximum recommended 
human dose of 10 mg on a mg/m2 basis for a 50 kg patient) during the periods of major 
organogenesis. However, litter size was significantly decreased (by about 50%) and the 
number of intrauterine deaths was significantly increased (about 5-fold) in rats receiving 
amlodipine maleate at a dose equivalent to 10 mg amlodipine/kg/day for 14 days before 
mating and throughout mating and gestation. Amlodipine maleate has been shown to 
prolong both the gestation period and the duration of labor in rats at this dose. 

10 Special Toxicology Studies
The most current celecoxib label, found on the Pfizer website 
(http://labeling.pfizer.com/ShowLabeling.aspx?id=793 Accessed February 9, 2018)
indicates that juvenile animal studies were conducted.

Copied from the new package insert:
13.2 Animal Toxicology

An increase in the incidence of background findings of spermatocele with or without 
secondary changes such as epididymal hypospermia as well as minimal to slight dilation 
of the seminiferous tubules was seen in the juvenile rat. These reproductive findings 
while apparently treatment-related did not increase in incidence or severity with dose and 
may indicate an exacerbation of a spontaneous condition. Similar reproductive findings 
were not observed in studies of juvenile or adult dogs or in adult rats treated with 
celecoxib. The clinical significance of this observation is unknown.
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11 Integrated Summary and Safety Evaluation
Both celecoxib and amlodipine are approved drugs with many years of clinical experience.  
From the nonclinical perspective, there are no new safety concerns.
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