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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204031 are owned by Mallinckrodt or are data for which 
Mallinckrodt has obtained a written right of reference.
Any information or data necessary for approval of NDA 204031 that Mallinckrodt 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 Mallinckrodt does not own 
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(or from FDA reviews or summaries of a previously approved application) is for 
descriptive purposes only and is not relied upon for approval of NDA 204031.
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1 Executive Summary

1.1 Introduction

Mallinckrodt has submitted NDA 204031 for COV795, a combination 
oxycodone/acetaminophen extended-release formulation. The product is 
planned to be available in one strength of 7.5/325 mg/mg 
oxycodone/acetaminophen, respectively. The indication sought by the Applicant 
is management of  acute pain where the use of an opioid 
analgesic is appropriate.  The Applicant is submitting NDA 204031 via the 
505(b)(2) regulatory pathway with Roxicodone (NDA 21011) and Ultracet (NDA 
21123) as the referenced products.  The Applicant is relying on the Agency’s 
findings of safety and the relevant pharmacology, pharmacokinetics, and 
toxicology information in the labels of the referenced products and on published 
literature. No new nonclinical studies with oxycodone or acetaminophen or the 
combination were required for this NDA.  The excipients in the formulation can be 
found in higher amounts in approved chronic use drug products and do not pose 
any novel toxicologic concerns.  All impurities/degradants in the drug substances 
and drug product are controlled at acceptable levels.  There are no unique 
nonclinical issues with this product as compared to other oral formulations of its 
individual components, oxycodone and acetaminophen.  

1.2 Brief Discussion of Nonclinical Findings

No new toxicology studies with oxycodone or acetaminophen were required for 
or submitted with NDA 204031.

1.3 Recommendations

1.3.1 Approvability

The recommendation from pharmacology/toxicology is that NDA 204031 be 
approved with no post-marketing studies and upon agreement on the proposed 
drug product labeling.

1.3.2 Additional Non Clinical Recommendations

There are no additional nonclinical recommendations for NDA 204031.

1.3.3 Labeling

The following recommendations are being proposed for the nonclinical 
sections of the label.  For the final version of the label, please refer to the Action 
Letter.  Note: The recommended changes from the proposed labeling are in red 
or strikeout font.

Table 1 Labeling reviewApplicant’s 
proposed labeling

Reviewer’s proposed changes
Rationale for 
changes

(from highlights section)
1. INDICATIONS AND USAGE

(from highlights section)
1. INDICATIONS AND USAGE The Established 
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2 Drug Information

2.1 Drug

XARTEMIS (code name COV795) contains two active ingredients, oxycodone HCl and 
acetaminophen

Oxycodone Hydrochloride

CAS Registry Number: 124-90-3

Generic Name: Oxycodone hydrochloride

Code Name: N/A

Chemical Name: (5α)-14-hydroxy-17-methyl-3-(methyloxy)-4,5-epoxymorphinan-6-one

Molecular Formula/Molecular Weight: C18H21NO4•HCl; MW 351.83 g/mol

Structure or Biochemical Description:

Figure 1 Structure of oxycodone hydrochloride

Pharmacologic Class: Opioid agonist (Established Pharmacologic Class)

Acetaminophen

CAS Registry Number: 103-90-2

Generic Name: Acetaminophen

Code Name: APAP

Chemical Name: N-acetyl-p-aminophenol

Molecular Formula/Molecular Weight: C8H9NO2; MW 151.16 g/mol

Structure:

Figure 2 Structure of acetaminophen
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Pharmacologic Class: Non-opioid, non-salicylate analgesic (no Established 
Pharmacologic Class exists for acetaminophen) 

2.2 Relevant INDs, NDAs, and DMFs

Table 2 Relevant INDs, NDAs, and DMFs
IND/NDA/DMF Drug/Compound Sponsor Division Status

IND 104702 COV795 Mallinckrodt  DAAAP Active

NDA 21011 Roxicodone Mallinckrodt DAAAP

Approved,
505(b)(2) 

reference for 
oxycodone

     NDA 21123 Ultracet Janssen DAAAP

Approved,
505(b)(2) 

reference for 
acetaminophen

DMF 6930 Oxycodone HCl Mallinckrodt ONDQA Acceptable
DMF 5326 Acetaminophen Mallinckrodt ONDQA Acceptable
DMF ONDQA Acceptable

2.3 Drug Formulation

COV795 is a multilayer extended-release formulation of oxycodone hydrochloride (OC) 
and acetaminophen (APAP) which is intended for twice daily dosing.  The Applicant is 
seeking approval for one strength of COV795 (7.5 mg OC/325 mg APAP).  The 
indication sought for this product is  acute pain where the 
use of an opioid analgesic is appropriate.  The Applicant purports abuse-deterrent 
properties of the COV795 product due to its resistance to crushing/pulverizing as well 
as resistance to extraction and injection (i.e., a gel is formed that cannot be injected).  
Refer to the Controlled Substance Staff review for assessment of the abuse-deterrent 
characteristics.   

The product is comprised of an immediate-release layer and an extended-release layer.  
The immediate-release layer contains % of the total OC dose and % of the total 
APAP dose and the extended-release layer contains % of the total OC dose and % 
of the total APAP dose.  The quantitative composition of each layer of COV795 and 
function of each component is presented in Table 3.  The acceptability and rationale of 
the total daily intake of each excipient when the maximum daily dose of this product is 
consumed is detailed in Table 4. Refer to Section 2.6 for a discussion of the maximum 
daily dose (MDD) of this product.
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and the structure is shown in Figure 3.  The specifications for the OC-derived 
degradants are below the qualification thresholds set by ICH Q3B(R2) and are 
considered acceptable from the pharmacology toxicology perspective.  

As noted previously in this review,  contains a structural alert for mutagenicity.  
Although the stability specification set by the Applicant of % would exceed the NMT 
1.5 mcg/day threshold for potentially genotoxic compounds, it is within the specification 
of the referenced product, Ultracet, and it is in compliance with the requirements in the 
USP monograph titled “Acetaminophen with Tramadol Hydrochloride Tablets.”  The 
stability specification of % for  is considered acceptable from the pharmacology 
toxicology perspective. 

Table 8 Drug product stability specifications for COV795
Source Impurity/Degradant Specification Acceptable?

Oxycodone
Yes

Yes

APAP Yes
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2.6 Proposed Clinical Population and Dosing Regimen

The Applicant plans to market one strength of COV795 (7.5 mg OC and 325 mg APAP).  
The product is intended to be dosed at two tablets twice daily for a total daily dose of 30 
mg OC and 1300 mg APAP.  The product will be labeled for acute use only.  The 
maximum daily dose of acetaminophen for prescription products is 4 g.  Based on the 
maximum dose of 4 g for acetaminophen in this product, 12 tablets of COV795 could be 
consumed.  For 12 tablets, the maximum daily dose of the oxycodone component of 
COV795 would be 90 mg.  

2.7 Regulatory Background

The IND for COV795 (IND 104702) was originally submitted in 2010.  The proposed 
clinical PK/BA protocols were allowed to proceed.  At the time of the safety meeting the 
formulation was not finalized and the strengths under development were  

 The Division provided written responses 
as well as non-hold comments to the Sponsor.  The responses and comments from 
pharmacology toxicology included recommendations on the acceptable maximum daily 
dose of the product (based on the MDD of 4 g for acetaminophen), and comments 
regarding acceptable levels or qualification of excipients and impurities/degradants.  It 
was also noted that if the levels of OC and APAP were below those of the referenced 
products for the use of this product no toxicology studies would be required for the two 
active ingredients.  On January 13, 2011, the Agency announced that drug 
manufacturers must limit the strength of APAP in prescription drug products to 325 mg 
per tablet, capsule, or other dosage unit1.  In October of 2011 written responses were 
provided to the Sponsor in lieu of an “End of Phase 1/Pre-Phase 3” meeting.  The 
Division provided guidance regarding the appropriate 505(b)(2) references, product 
labeling for the nonclinical sections of the label and reiterated the comments on 
impurities and excipients.  The Division also re-confirmed that no nonclinical toxicology 
studies would be needed for the two active ingredients.  A Pre-NDA meeting with the 
Sponsor was held in December of 2012.  The Sponsor confirmed that they plan to 
market a 7.5 mg OC/325 mg APAP formulation intended to be dosed at two tablets 
twice daily.  No nonclinical issues were discussed at the Pre-NDA meeting.  In May of 
2013, NDA 204031 for COV795 was submitted via the 505(b)(2) pathway with 
Roxicodone (NDA 21011) and Ultracet (NDA 21123) as the referenced products.

3 Studies Submitted

3.1 Studies Reviewed 

Table 9 Studies reviewed
                                           
1 See Federal Register 76(10):2691-2697.
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5 Pharmacokinetics/ADME/Toxicokinetics

Fluoroscopic Evaluation of Gastrointestinal Transit and Erosion of Oxycodone 
HCl/APAP Gastroretentive Dosage Form in Beagle Dogs (Study IAC-983) 

Gastrointestinal transit and tablet erosion of four different formulations of OC/APAP 
were assessed in beagle dogs in a non-GLP study. The test formulations included two 
different strengths of OC/APAP (15 mg OC/500 mg APAP and 30 mg OC/500 mg 
APAP) and two formulations with 6- or 8-hour release rates for each strength. Other 
than the release rate time (i.e., 6 or 8 hours) no details on the exact formulations used 
were provided.  The amount of OC in the tablet seemed to have an effect on erosion 
(Table 10).  Within the same formulation, the tablets with 30 mg OC had about a 2 hour 
increase in erosion time as compared to tablets containing 15 mg OC.  No 
gastrointestinal transit endpoints were measured in this study.  This study was 
conducted early in product development and was not designed to support the safety of 
the to-be-marketed formulation of COV795.  

Table 10 Early formulation tablet erosion time in dogs

Pharmacokinetic Evaluation of Oxycodone HCl/Acetaminophen (ER 
Formulations) Following a Single Oral Dose in Beagle Dogs (Study 0130/09/131-E)

This non-GLP study evaluated the pharmacokinetic profile of five different prototype 
formulations of COV795 after single doses in beagle dogs after a single oral 
administration.  The formulations contained 15 or 30 mg OC with 500 mg APAP. The 
levels of excipients in each formulation were varied in order to provide different release 
characteristics.  Quantitative composition of each formulation was provided for this 
study.  Percocet (7.5 mg OC/325 mg APAP) was used as the reference compound.  
This study was conducted early in product development in order to identify which of the 

Reference ID: 3396797



NDA 204031 Elizabeth A. Bolan, PhD

23

prototype formulations possessed the most favorable PK attributes.  Since this study
was not designed to support the safety or define the PK profile of the to-be-marketed 
formulation of COV795, it will not be described in further detail in this review.

6 General Toxicology

No general toxicology studies were needed to support the safety of either of the active 
ingredients or any of the components of the formulation.

7 Genetic Toxicology

The summary of the genetic toxicology studies conducted with the two active 
ingredients are detailed in the product labels of the referenced products and will be 
used for the product labeling in this product.  All of the genetic toxicology studies 
described in the labels of the referenced products are from the literature. 

8 Carcinogenicity

No carcinogenicity studies have been conducted for OC.  The findings from the mouse 
and rat carcinogenicity studies with APAP, conducted by the National Toxicology 
Program, will be included in the product label.

9 Reproductive and Developmental Toxicology

The summary of reproductive and developmental toxicology studies conducted with the 
two active ingredients are detailed in the product labels of the referenced products and 
will be used for the product labeling in this product.  As per the Maternal Health Team 
pregnancy labeling initiative, a Risk Summary was added to the Pregnancy section of 
the label and the information in the section was reorganized (refer to labeling review 
table for details; Table 1).

10 Special Toxicology Studies

No special toxicology studies were conducted.

11 Integrated Summary and Safety Evaluation

Mallinckrodt’s NDA 204031 for COV795 is being submitted via the 505(b)(2) regulatory 
pathway with Roxicodone (NDA 21011) and Ultracet (NDA 21123) as the referenced 
products.  No toxicology data for either active ingredient were required or submitted with 
this NDA.  The impurities/degradants are controlled at acceptable levels in both the drug 
substances and the drug product. The excipients used in the COV795 formulation do 
not pose any toxicologic concerns when the product is used at levels up to the 
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maximum theoretical daily dose of 4 g of APAP. There are no unique nonclinical issues 
with this product as compared to other approved OC/APAP combination products. 
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Collectively the existing genotoxicity data support the conclusion that acetaminophen is 
clastogenic, the effect is dose-dependent, and a NOEL can be obtained that provides 
an apparent safety margin based on body surface area comparisons.  Ideally, a safety 
margin would be based on exposure data, and therefore, if at all possible, the pivotal 
study reports referenced by Bergman would be reviewed by the Agency.  However, the 
proprietary data could not be obtained; therefore, these results cannot be independently 
verified.  However, as this finding is key to the conclusion that a NOEL for clastogenicity 
exists, and the study was conducted by the German regulatory authorities, the finding 
should be reported in the labeling.  Due to the lack of toxicokinetic data, the exposure 
comparison must be made based on a body surface area comparison.  According to the 
Bergman summary, 3 x 250 mg/kg (4500 mg/m2) dose of acetaminophen (4 hour 
intervals) did not result in an increase in micronuclei formation.  In contrast, either 3 x 
500 or 1 x 1500 mg/kg dose (9000 mg/m2) resulted in an increase in micronuclei 
formation.  The NOEL dose for clastogenicity as defined in the studies reported in 
Bergman et al. (4500 mg/m2) is 1.8 times the maximum daily dose of APAP (4000 
mg/60 kg = 2467 mg/m2) based on a body surface area comparison.

Oshida and colleagues examined the in vivo effects of APAP in the comet assay 
(Oshida, et al., 2008).  These investigators treated mice with 12, 60, or 300 mg/kg 
APAP, IP and examined the liver, kidney, and bone marrow for evidence of DNA 
damage via the comet assay and examined cytotoxicity via hematology and clinical 
chemistry parameters.  The high dose of APAP produced a positive response in the 
liver only, suggesting a threshold for genotoxicity, however, the effect also correlated 
with cytotoxicity.  Therefore, the positive comet assay results may be due to cytotoxicity 
rather than genotoxicity.  Based on a body surface area basis, the NOEL of 60 mg/kg 
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Mean daily doses of APAP consumed were calculated based on mean food 
consumption over the course of the above studies in order to determine the exposure 
margin that should be included in the product labeling, as summarized in the table 
below:

Mean Dose (mg/kg)/Day APAP consumption (NTP Studies)
Group 600 ppm 3000 ppm 6000 ppm 6000 ppm

(mg/m2)
Exposure Margin*
(HD = 6000 ppm)

Male Rats 30 149 295 1770 0.7
Female Rats 33 163 318 1908 0.8

Male Mice 91 448 1010 3030 1.2
Female Mice 114 603 1187 3561 1.4

*Exposure margin based on body surface area comparison to the maximum adult human dose of 4000 
mg/day (2466.6 mg/m

2
for an average 60 kg person) for the high dose (HD) group.

Based on the results of this study, the NTP panel concluded that there was no evidence 
of carcinogenic activity in male rats.  The NTP concluded that there was equivocal 
evidence of carcinogenic activity of acetaminophen in female rats based on an increase 
in the incidence of mononuclear cell leukemia that reached statistical significance in the 
high dose group.  There was no evidence of carcinogenic activity of acetaminophen in 
male or female mice.  

The results of this study were discussed by the Executive Carcinogenicity Assessment 
Committee (ECAC) on February 2, 2010.  Based upon current CDER criteria, the 
mononuclear cell leukemia noted in the female rats were significant rather than 
equivocal; however, the ECAC specifically noted that the NTP F344 rat strain is known 
to have a high background incidence of certain tumors, including mononuclear cell 
leukemia (Haseman, et al., 1998;Caldwell, 1999;Ishmael and Dugard, 2006).  In fact, 
the NTP has discontinued use of the F344/N rat strain and began using a commercial 
source of the F344 rat (King-Herbert and Thayer, 2006).  In terms of the finding 
regarding the increased incidence of mononuclear cell leukemia, the ECAC minutes 
note that “The committee recommended that the labeling of the product describe the 
results of the studies but note that this is of limited relevance.”

Effects on Fertility. A review of the literature identified three publications that provide 
some data relevant to fertility studies (Boyd and Hogan, 1968;Jacqueson, et al., 
1984;Lamb, 1997).  Boyd and Hogan administered acetaminophen via oral gavage to 
Wistar rats at doses of 500 mg/kg to 4000 mg/kg for 100 days.  The publication notes 
that changes in testicular weight were not noted for treatment durations of less than one 
month.  In animals that survived the 100 day treatment, decreased testicular weights 
were noted even at the lowest dose tested (500 mg/kg corresponds to 3000 mg/m2) 
which is only 1.2 times the maximum human dose of 4000 mg/day on a body surface 
area comparison.  The decrease in weight of the testes was attributed to “almost 
complete atrophy of spermatogenic tissue.”  A NOAEL for testicular changes following 
longer than 1 month treatment was not obtained.  
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Studies conducted by Jacqueson and colleagues report that a 70-day treatment of male 
rats with 500 mg/kg dose of APAP resulted in a similar decrease in testicular weight, an 
increase in testicular cytosol glutathione transferase activity and of lipid peroxides.  The 
authors note that the treatment did not result in decreased testicular glutathione levels; 
therefore, the toxicity can not be readily attributed to a mechanism similar to APAP-
induced hepatotoxicity (Jacqueson, et al., 1984). 

Although changes in testicular weight following 30-day treatment with 500 mg/kg APAP 
to rats was not noted by Boyd and Hogan (1968) and Jacqueson et al. (1984), a 
literature search conducted by the review team notes that this dose has also been 
reported to result in impairment of libido, sexual vigor/performance, fertility index, 
implantation index and number of implantation sites in the rat (Ratnasooriya and 
Jayakody, 2000).  The authors administered either 500 or 1000 mg/kg APAP to male 
rats via oral gavage for 30 consecutive days and then examined their sexual behavior 
and fertility via interactions with untreated females.  The 500 mg/kg dose (3000 mg/m2) 
reduced sexual behavior parameters, reduced vaginal sperm counts, impaired sperm 
motility, and reduced fertility (pregnancy rate, implantation index and fertility index).  
This dose is 1.2 times the human maximum daily dose based on a body surface area 
comparison.  Time course studies using 1000 mg/kg APAP demonstrated a reduction in 
ejaculated sperm number as measured by vaginal sperm counts following treatment for 
17 days; whereas no effects were noted on Day 3 or Day 7.  Based on these results, a 
NOEL levels of adverse effects on male sexual behavior and fertility was not 
established.

Yano et al. reported that a single dose of APAP (650 mg/kg = 3990 mg/m2) 
administered orally to the male rat produced ultrastructural changes in the testes when 
measured 5, 10, and 15 days following treatment (Yano and Dolder, 2002).  These 
changes included deformed seminiferous tubules, dilated blood vessels, edema of 
interstitial tissue, advanced spermatids with unusual amounts of residual cytoplasm, 
and well developed endoplasmic reticulum and Golgi complexes.  A NOEL was not 
reported for these effects, which were noted with a dose that is 1.6 times the maximum 
human daily dose on a body surface area basis.

The NTP conducted a continuous breeding study in Swiss CD-1 mice which were given 
APAP at 0.0, 0.25, 0.5, and 1.0% in feed (National Toxicology Program, 1984;Reel, et 
al., 1992;Lamb, 1997).  These doses resulted in exposures estimated from food 
consumption of 357, 715, and 1430 mg/kg/day (Reel, et al., 1992).  Although designed 
as a continuous breeding study, this study reports that continuous exposure of mice to 
up to 1.0% APAP indirectly (in utero and lactational exposure) and directly from Day 28 
(weaning) to Day 74 ± 10 had no significant effect on mating or fertility.  Although there 
was no significant difference in sperm motility or sperm density in the cauda epididymis 
between 0 and 1.0% APAP groups, there was a significant increase in the percentage 
of abnormal sperm from the cauda epididymis relative to controls (see table below 
reproduced from the publication).  Of note, based on the Lamb et al. summary, only the 
high dose group and control group appear to have been evaluated for sperm 
parameters; therefore, a NOEL level for sperm effects can not be obtained via this 
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route of administration to justify a Pregnancy Category  based on nonclinical data.  In 
the absence of adequate clinical data with an oral APAP formulation, these adverse 
findings would dictate a Pregnancy Category C.

Effects of Pre- and Postnatal Development.  Pre- and postnatal developmental data 
have been reported by Reel et al.; however, this study did not include comparable 
endpoints as a dedicated pre- and postnatal development study.  Liver and kidney 
findings were reported by Neto et al. as described above (Neto, et al., 2004).  As the 
effects reported in Neto et al. represent adverse effects on the fetus, they should be 
included in the product labeling and support a Pregnancy Category C, unless 
superseded by adequate human data.  
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

  

NDA/BLA Number: 204031 Applicant: Mallinckrodt, Inc. Stamp Date: 5/28/13 

Drug Name: Oxycodone HCl 
and Acetaminophen CR 
Tablets  

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?   

X  

 

 
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)? 

 
X 

 
 

 
 

 
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). 

  X  
 

 
 

 
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? 

X  
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NDA/BLA or Supplement 

  

 
 

 
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  

 
  
 

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

X  
Justification for impurity/degradant 
specifications in excess of ICH thresholds is 
included in the NDA. 

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

Defer to CSS 

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

  
Not applicable 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ____Yes____ 
 
Pharm Tox has no comments for the 74-day letter. 

 
 
Elizabeth A. Bolan, Ph.D.      6/27/13 
Reviewing Pharmacologist      Date 
 
R. Daniel Mellon, Ph.D.       6/27/13 
Team Leader/Supervisor      Date 
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