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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 215859 are owned by Janssen Pharmaceuticals Inc. or 
are data for which Janssen Pharmaceuticals Inc. has obtained a written right of 
reference. 

Reference ID: 4888706



 
 

2 

Any information or data necessary for approval of NDA 215859 that Janssen 
Pharmaceuticals 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 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 215859. 
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1 Executive Summary 

1.1 Introduction 
Rivaroxaban (JNJ-39039039, BAY 59-7939, Xarelto®) is a selective inhibitor of the 
serine protease coagulation Factor Xa (FXa) being developed for the prevention and 
treatment of thrombo-embolic events. (Reference NDAs 022406 and 202439) 
 
Currently, Xarelto is approved in adult patients for the following indications; 1) to reduce 
risk of stroke and systemic embolism in nonvalvular atrial fibrillation, 2) for treatment of 
deep vein thrombosis (DVT), 3) for treatment of pulmonary embolism (PE), 4) for 
reduction in the risk of recurrence of DVT or PE, 5) for the prophylaxis of DVT, which 
may lead to PE in patients undergoing knee or hip replacement surgery, 6) for 
prophylaxis of venous thromboembolism (VTE) in acutely ill medical patients, 7) to 
reduce the risk of major cardiovascular events in patients with chronic coronary artery 
disease (CAD) or peripheral artery disease (PAD) (Xarelto USPI, revised 03/2020). 
 
The Sponsor submitted this NDA 245859 for 2 indications in pediatric population: 1) 
venous thromboembolism (VTE) and the reduction in the risk of recurrent VTE in 
children from birth to < 18 years of age, and 2) thromboprophylaxis in pediatric patients 
2 years of age and older with congenital heart disease (CHD) after the Fontan 
procedure 
 
In support of the clinical development in pediatric population, the Sponsor conducted 
additional pharmacokinetics studies including protein binding using plasma from 
pediatric healthy volunteers and substrate characteristics towards fetal CYP3A7. There 
are no new pharmacology or toxicology studies submitted. There are no outstanding 
issues from a Pharmacology/Toxicology perspective that would prevent the approval of 
rivaroxaban for the proposed indications. 
 

1.2 Brief Discussion of Nonclinical Findings 
Xarelto® is an approved drug in adult populations and the Sponsor has submitted this 
NDA to support the clinical development and market authorization of rivaroxaban in 
pediatric populations.  
 
The nonclinical program reviewed under reference NDAs 202439 and 022406 
concluded that rivaroxaban was approvable for the indications listed above in adult 
patient population. The reference NDAs include nonclinical studies in juvenile, 
adolescent and adult rats, and the overall nonclinical assessment remains unchanged. 
In addition, the Sponsor submitted additional PK studies of pediatric protein binding and 
of substrate characteristics towards a fetal CYP isoform, which showed that the 
unbound fraction in pediatric plasma was higher than in adult plasma and that 
rivaroxaban is a poor substrate for the fetal isoform CYP3A7.  
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Figure 1. Proposed Primary Oxidative Metabolites of Rivaroxaban from In Vitro 
Studies  

(Excerpted from submission) 

 
* Bold arrows are the main metabolic in vivo pathway 

 
 
The activity of CYP3A4 may differ between pediatric populations and adults due to 
changes of CYP3A activity during human development. CYP3A4 activity is negligible at 
birth and increase to ~40% of adult activity within the 2-12 month of age and reach 
~120% of adult activity at an age of 12 months, then the activity goes down to adult 
levels. Also, inverse activities of the fetal isoform CYP3A7 with peak activity at birth and 
decreasing to negligible levels around 12 months of age is reported (de Wildt et al., 
1993, Lacroix et al., 1997, Zane et al., 2017)  
 
The Sponsor conducted an in vitro study to evaluate 1) the metabolic stability of 
rivaroxaban at a physiologically relevant concentration (0.1 µM) towards CYP2J2, 3A4, 
3A5 and 3A7 and 2) a potential contribution of CYP3A7 (isoform of CYP3A4) to the 
biotransformation of rivaroxaban in the pediatric population.  
 
Clearance of rivaroxaban and the level of the hydroxylated form of rivaroxaban (OH-
rivaroxaban) were measured as indicators of enzymatic activity of CYP2J2, 3A4, 3A5 
and 3A7 when incubated with rivaroxaban for up to 60 min. (see Table 4, Figure 2A&B). 
The Sponsor commented that the metabolite formation is only a qualitative measure of 
enzymatic activity in this study. (Figure 2). 

 
The hydroxylated metabolites were formed by all 4 CYP enzymes (see Table 4, Figure 
2B). Intrinsic clearance of rivaroxaban was highest with CYP2J2 (2.49 µL/min/pmol) and 
then CYP3A4 (0.38 µL/min/pmol), while CYP3A5 and CYP3A7 were 8-fold lower (< 
0.05 µL/min/pmol). (see Table 4).  
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Results show evidence that rivaroxaban is a poor substrate for the CYP3A7, fetal 
isoform of CYP3A4, and it is unlikely that CYP3A7 will contribute to hepatic clearance of 
rivaroxaban in the pediatric population.  

Table 4. Clearance and Metabolite Formation of 0.1 µM Rivaroxaban with CYP2J2, 
3A4, 3A5, and 3A7 

(Excerpted from submission) 
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Figure 2. Clearance (Figure 2A) and Metabolite Formation (Figure 2B) of 0.1 µM 
Rivaroxaban with CYP2J2, 3A4, 3A5, and 3A7 

(Excerpted from submission) 
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Overall Nonclinical Assessment 
The nonclinical package of reference NDA 202439 included juvenile studies conducted 
in rats of PND 4-26 (pilot study) and PND 10-105 (pivotal study), corresponding to the 
human age ranges of neonate to toddler and infant to adolescent, respectively.  
 
Nonclinical assessment of juvenile studies of reference NDA 202439 by Dr. Harlow 
pointed out 2 things to note:  

1) exposure to rivaroxaban was 6- to 10-fold higher in the younger rats, 
particularly between PND 10 and 15 compared to exposure in ≥31 days old rats, 
which could be due to a combination of immature renal development in the rat 
(Zoetis and Hurtt, 2003) and decreased expression of CYP P450 3A4 (Asaoka et 
al. 2009, DeZwart et al. 2004).  
2) expected prolonged thromboplastin time from pharmacological effect of 
rivaroxaban was not observed in coagulation test, which is suspected that the 
blood samples were collected prior to administration of rivaroxaban.  
 

Dr. Harlow concluded that data from the coagulation test is inconclusive and the effect 
of rivaroxaban on coagulation was not fully evaluated. She also commented that any 
pediatric studies in humans will need to be carefully designed to determine the 
appropriate levels of rivaroxaban for a therapeutic effect in neonates and infants 
undergoing rapid changes in their hemostatic, renal and metabolic systems, considering 
the levels of Factor X in the neonate at birth are about 37-40% of the adult human level 
(Andrew et al. 1987, Hassan et al. 1990). 
 
In this NDA, the Sponsor provided a nonclinical risk assessment of 2 new PK studies to 
support clinical development and market authorization in proposed pediatric indications 
and summary of overall nonclinical program of reference NDAs 202439 and 022406.  
 
The Sponsor estimated safety margins for the pediatric indications in this NDA (see, 
Table 5) based on pediatric exposures obtained with population PK modeling with 
bodyweight-adjusted dosing scheme in pediatric populations, resulting in rivaroxaban 
exposure similar to that observed in adult patients with deep vein thrombosis (DVT) 
(eCTD 2.7.2. Summary of Clinical Pharmacology Studies- Einstein Jr). Systemic 
exposure (Cmax and AUC) in juvenile rats and the estimated safety margin was also 
provided by the sponsor. (see, Table 6). There was discrepancy in exposure data of 13-
week pilot (gavage) toxicity study in juvenile rats shown in Table 6 compared to the 
study report PH-36598. Note the corrected data and calculated margin of exposure by 
the reviewer (see, Table 7) 
 
The systemic exposure from 14-week repeat dose toxicology study in juvenile rats (NDA 
202439, eCTD 4.2.3.5.4, PH-36347) was ~5-fold lower compared to that of 3-week pilot 
toxicity study in juvenile rats (NDA 202439, eCTD 4.2.3.5.4, PH-36153). The Sponsor 
conducted additional 13-week repeat dose toxicology study in juvenile rats (NDA 
202439, eCTD 4.2.3.5.4, PH-36598) and explains that the lower systemic exposure was 
due to vehicle difference (0.5 % Tylose® vs. Solutol HS15®/ethanol/water); When 
emulsifying vehicle (Solutol HS15®/ethanol/water) which mimics the absorption-
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enhancing effects of milk was used, the systemic exposure was not lower but 
comparable to other juvenile studies.  
 
Overall nonclinical assessment including the review of reference NDAs and newly 
submitted PK study reports finds no safety concerns from the perspective of 
Pharmacology & Toxicology for approvability of rivaroxaban in pediatric population for 
the two proposed indications.  
 

Table 5. Systemic Exposure and Margins of Exposure Compared to Pediatric 
Exposure 

(Excerpted from submission) 
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Table 6. Systemic Exposure in Juvenile Rats and Margins of Exposure Compared 
to Pediatric Exposure 

(Excerpted from submission) 
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