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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204-768 are owned by Iroko Pharmaceuticals, LLC or 
are data for which Iroko Pharmaceuticals, LLC has obtained a written right of reference.
Any information or data necessary for approval of NDA 204-768 that Iroko 
Pharmaceuticals, LLC 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 204-768.
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to medical management; myocardial degenerative changes, platelet dysfunction with resultant 
bleeding, intracranial bleeding, renal dysfunction or failure, renal injury/dysgenesis which may 
result in prolonged or permanent renal failure, oligohydramnios, gastrointestinal bleeding or 
perforation, and increased risk of necrotizing enterocolitis.

Labor or Delivery
The effects of TIVORBEX on labor and delivery in pregnant women are unknown.  In rat studies, 
maternal exposure to NSAIDs, as with other drugs known to inhibit prostaglandin synthesis, 
increased the incidence of dystocia, delayed parturition, and decreased pup survival.

Data

Animal data

Reproductive studies were conducted in mice and rats at dosages of 0.5, 1.0, 2.0, and 
4.0 mg/kg/day.  Except for retarded fetal ossification at 4 mg/kg/day (0.16 times [mice] and 0.32 
times [rats] the maximum recommended human dose [MRHD] on a mg/m

2
basis, respectively) 

considered secondary to the decreased average fetal weights, no increase in fetal malformations 
was observed as compared with control groups.  Other studies in mice reported in the literature 
using higher doses (5 to 15 mg/kg/day, 0.20 to 0.60 times MRHD on a mg/m

2
basis) have 

described maternal toxicity and death, increased fetal resorptions, and fetal malformations.  
Comparable studies in rodents using high doses of aspirin have shown similar maternal and fetal 
effects.  

Maternal indomethacin administration of 4.0 mg/kg/day during the last 3 days of gestation was 
associated with an increased incidence of neuronal necrosis in the diencephalon in the live-born 
fetuses however no increase in neuronal necrosis was observed at 2.0 mg/kg/day as compared 
to the control groups. Administration of 0.5 or 4.0 mg/kg/day to offspring during the first 3 days of 
life did not cause an increase in neuronal necrosis at either dose level.

8.3 Nursing Mothers 

Based on available published data, indomethacin may be present in human milk.  In one study, 
levels of indomethacin in breast milk were below the sensitivity of the assay (<20 mcg/L) in 11 of 
15 women using doses ranging from 75 mg orally to 300 mg rectally daily (0.94 to 4.29 mg/kg 
daily) in the postpartum period. Based on these levels, the average dose present in breast milk 
was estimated to be 0.27% of the maternal weight-adjusted dose.  In another study indomethacin 
levels were measured in the  breast milk of 8 postpartum women using doses of 75 mg 
daily and the results were used to calculate an infant daily dose. The estimated infant dose of 
indomethacin  breast milk was less than 30 µg/day or 4.5 µg/ kg/day assuming breast milk 
intake of 150 ml/kg/day.  This is 0.5% of the maternal weight-adjusted dosage or about 3% of the 
neonatal dose for treatment of patent ductus arteriosus.  The developmental and health benefits 
of human milk feeding should be considered along with the mother’s clinical need for TIVORBEX 
and any potential adverse effects on the human milk-fed child from the drug or from the 
underlying maternal condition. Exercise caution when TIVORBEX is administered to a nursing 
woman.

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, and Impairment of Fertility

Carcinogenesis: In an 81-week chronic oral toxicity study in the rat at doses up to 1 mg/kg/day 
(0.08 times the MRHD on a mg/m

2
basis), indomethacin had no tumorigenic effect.  Indomethacin 

produced no neoplastic or hyperplastic changes related to treatment in carcinogenic studies in 
the rat (dosing period 73 to 110 weeks) and the mouse (dosing period 62 to 88 weeks) at doses 
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up to 1.5 mg/kg/day (0.06 times [mice] and 0.12 times [rats] the MRHD on a mg/m
2

basis, 
respectively).

Mutagenesis: Indomethacin did not have any mutagenic effect in in vitro bacterial tests  
 and a series of in vivo tests including the 

host-mediated assay, sex-linked recessive lethals in Drosophila, and the micronucleus test in 
mice.

Impairment of Fertility: Indomethacin at dosage levels up to 0.5 mg/kg/day had no effect on
fertility in mice in a two generation reproduction study (0.02 times the MRHD on a mg/m

2
basis) 

or a two litter reproduction study in rats (0.04 times the MRHD on a mg/m
2

basis).

2 Drug Information

2.1 Drug

CAS Registry Number (Optional)

Generic Name Indomethacin 

Code Name Indomethacin

Chemical Name: 1-(ρ-chlorobenzoyl)-5-methoxy-2-methylindole-3-acetic acid

Molecular Formula/Molecular Weight

C19H16ClNO4; MW = 357.8
Structure or Biochemical Description

Pharmacologic Class: Nonsteroidal Anti-inflammatory Drug

2.2 Relevant INDs, NDAs, BLAs and DMFs

Tivorbex was developed under IND 101,940.  The drug substance referenced DMF 
  Approved indomethacin drug products are shown in the table below.
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The assessment was performed with a computer-based expert system consisting of the 
MC4PC software and 4 sets of carefully designed expert modules, i.e., two sets for 
rodent carcinogenicity (public domain and proprietary), one set for cardiotoxicity, and 
one regulatory relevant set for genotoxic potential. The modules were developed by the 
CTG group of the US FDA with MultiCASE Inc. MC4PC is a knowledge-based system 
designed to evaluate the associations between the structure of the chemicals and their 
potential activities in a specific biological assay. Its main goal is to find the structural 
entities that discriminate active molecules from inactive ones and its success is 
dependent on the validity of the working hypothesis that a relationship exists between 
chemical structure and activity. The results of the assessment were summarized in the 
following table as extracted from the study report. The RCA (Research Cooperative 
Agreement with FDA) method expert analysis is a protocol currently used to perform 
human expert prediction of toxicity for test chemicals by processing MC4PC output data 
and identify structural alerts across multiple toxicologically related endpoints. The 
process typically involves combining data obtained from a module set consisting of 
modules representing 3-6 (as many as 20) closely related endpoints. Based on the 
RCA analysis, all 5 compounds were predicted to be negative in the Ames assay, in 
vitro gene mutation assay (MA in vitro),  in vitro chromosomal assay (CA in vitro), in vivo 
micronucleus assay (MN in vivo), and in vivo gene mutation assay (MA in vivo).  
However,  were predicted to be positive in the in 
vitro chromosomal assay (CA in vitro); these compounds were identified to contain
genotoxic structural alert groups.  The conclusion from review experts was inconclusive 
for the CA in vitro model taking into account all the available evidence. Therefore, it 
was concluded in this study report that overall, the 5 compounds did not demonstrate 
convincing evidence of activity in genotoxicity test assessments. Of note, possible 
structure coverage problems were identified in some of the assessments as indicated 
below. 
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Pharmacology Toxicology Filing Checklist for NDA 204-768 

NDA/BLA Number: 204-768 Applicant: Iroko Pharmaceutical, 
LLC 

Stamp Date: 04/30/2013 

Drug Name:   
Capsule (Indomethacin) 

NDA/BLA Type: 505 (b)(2)  

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

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?   

√  

 

 
2 

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

√ 
  

 
 

 
3 

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

 
√ 

 
 

 
 

 
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)? 

 
√ 

 
 

 
 

 
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). 

NA 
 

 
 

 
No animal toxicity studies are required for 
the approval of this drug product 
 

 
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? 

 
√ 

 
 

 
 

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? 

NA 
 

 
 

No animal toxicity studies are required for 
the approval of this drug product 
 

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

√  
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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? 

√  

 
Human dose multiples were not included in 
the description of nonclinical studies. 
However, it is not considered an issue 
which needs to inform the Applicant in the 
74-day letter. The human dose multiples can 
be easily added during the labeling 
negotiation 
 

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

√  

 
 
 

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

 
 
 

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

 X 

 
This NDA is not to support a Rx to OTC 
switch 
 

 
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.  None 
 
 
 
 
 
Z. Alex Xu        06/26/2013 
Reviewing Pharmacologist      Date 
 
Adam Wasserman                                                                                        06/26/2013 
Team Leader/Supervisor      Date 
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