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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 208653 are owned by KemPharm, Inc.
Any information or data necessary for approval of NDA 208653 that KemPharm, 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 
208653.

Reference ID: 4216688



NDA 208653 Reviewer: Marcus Delatte, PhD

2

TABLE OF CONTENTS

1 EXECUTIVE SUMMARY...........................................................................................3
1.1 BACKGROUND ......................................................................................................3
1.3 RECOMMENDATIONS .............................................................................................3

2 DRUG INFORMATION............................................................................................13
11 INTEGRATED SUMMARY AND SAFETY EVALUATION..................................15
12 APPENDIX/ATTACHMENTS ..............................................................................16

Table of Tables

Table 1.  Recommended Revisions to the Label ..............................................................4
Table 2.  Summary Information for the Published Studies Used to Write the Label.......16

Reference ID: 4216688



NDA 208653 Reviewer: Marcus Delatte, PhD

3

1 Executive Summary
1.1 Background
The submission of the original application for NDA 208653 occurred on December 9, 
2015.  The Applicant submitted NDA 208653 via the 505(b)(2) regulatory pathway with 
Vicoprofen (NDA 20716 for hydrocodone) and Ultracet (NDA 21123 for APAP) as the 
referenced products to support the safety of the Apadaz product, which was developed 
for the treatment of acute  pain.  This product consists of 
acetaminophen and benzhydrocodone.  Benzhydrocodone is a prodrug of hydrocodone 
coupled to benzoic acid.  See the PT review from the first review cycle for further details 
on the prodrug.  According to the Applicant, the prodrug displays unique properties that 
they propose will contribute to decreased liking via intranasal and intravenous abuse; 
improved physiochemical tamper resistance (such as limited water solubility and 
chemical stability); and decreased patient variability when compared to current 
hydrocodone-APAP combination therapy.  These claims were the topic of an Advisory 
Committee Meeting (see DARRTS for related reviews).  DAAAP issued a complete 
response to the original application on June 10, 2016 given that the proposed labeling in 
Section 9.2, , was misleading (see Complete Response letter 
for the deficiency and the recommendation to address it).  

The Applicant submitted a complete response submission (Class 2) on August 23, 
2017.  This memo reviews the label submitted by the Applicant and provides the 
recommendations for labeling revisions provided by the PT Reviewer, as well as 
reviews the Sponsor’s response to the Agency’s request to provide a discussion on the 
potential adverse effects and risks of misuse of the opioid component of the final drug 
product formulation proposed for marketing approval (SDN-27).  This memo also 
documents the postmarketing requirement (PMR) for a juvenile animal study to assess 
the impact of benzhydrocodone in support of pediatric studies in neonates and infants 
aged 0 to < 2 years (see Section 1.3.2 for further information).         

1.3 Recommendations
1.3.1 Approvability
From a nonclinical pharmacology toxicology perspective, NDA 208653 may be 
approved with the recommended changes to product labeling and a postmarketing 
requirement to conduct a juvenile animal study.    

1.3.2 Additional Non Clinical Recommendations
As per the agreed Pediatric Study Plan (PSP), the Applicant will conduct a juvenile 
animal study to assess the impact of benzhydrocodone to support pediatric studies in 
neonates and infants aged 0 to < 2 years.  This study will be conducted as a 
postmarketing requirement (PMR), should this NDA be approved during this cycle.
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1. Conduct a juvenile animal toxicology study in the rat to evaluate orally 
administered benzyhydrocodone.

1.3.3 Labeling
The table below contains the draft labeling submitted by the Applicant, the changes 
proposed by the PT Reviewer and the rationale for the proposed changes.  For the final 
version of the label, please refer to the Action Letter.  Note: The recommended changes 
from the proposed labeling are in red (additions) or strikeout font.

Table 1.  Recommended Revisions to the Label

Sponsor’s Proposed 
Labeling Recommended Labeling Rationale/Comment

 8.1 Pregnancy

Risk Summary

Prolonged use of opioid 
analgesics during pregnancy 
may cause neonatal opioid 
withdrawal syndrome [see 
Warnings and Precautions]. 
There are no available human 
data on hydrocodone or 
APADAZ use during pregnancy 
to inform any drug associated 
risks.  However, neonatal 
opioid withdrawal and other 
adverse reactions during 
pregnancy and labor can occur 
with use of APADAZ [see 
Clinical Considerations].

Published studies with oral 
acetaminophen use during 
pregnancy have not reported 
an association with major 
congenital malformations.   No 
reproductive or developmental 
toxicology studies in animals 
have been conducted with 
benzhydrocodone or the 
combination of 
benzhydrocodone and 

8.1 Pregnancy

Risk Summary

Prolonged use of opioid 
analgesics during pregnancy 
may cause neonatal opioid 
withdrawal syndrome [see 
Warnings and Precautions]. 
There are no available human 
data on hydrocodone or 
APADAZ use during pregnancy 
to inform any drug associated 
risks.  However, neonatal 
opioid withdrawal and other 
adverse reactions during 
pregnancy and labor can occur 
with use of APADAZ [see 
Clinical Considerations].

Published studies with oral 
acetaminophen use during 
pregnancy have not reported 
an association with major 
congenital malformations.   No 
reproductive or developmental 
toxicology studies in animals 
have been conducted with 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
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Sponsor’s Proposed 
Labeling Recommended Labeling Rationale/Comment

developmental toxicology 
studies were conducted with 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
acetaminophen. The following 
data are based on findings from 
studies performed with 
acetaminophen alone.  Studies 
in pregnant rats that received 
oral acetaminophen during 
organogenesis at doses up to 
0.88 the maximum human daily 
dose (MHDD) of 3.9 grams/day 
based on a body surface area 
comparison showed evidence 
of fetotoxicity (reduced fetal 
weight and length) and a dose-
related increase in bone 
variations (reduced ossification 
and rudimentary rib changes). 
Offspring had no evidence of 
external, visceral, or skeletal 
malformations.  When pregnant 
rats received oral 
acetaminophen throughout 
gestation at doses of 1.2 times 
the MHDD (based on a body 
surface area comparison), 
areas of necrosis occurred in 
both the liver and kidney of 
pregnant rats and fetuses. 
These effects did not occur in 
animals that received oral 
acetaminophen at doses 0.3 
times the MHDD, based on a 
body surface area comparison. 
In a continuous breeding study, 
pregnant mice received 0.25, 
0.5, or 1.0% acetaminophen via 
the diet (357, 715, or 1430 
mg/kg/day). These doses are 
approximately 0.45, 0.89, and 
1.78 times the MHDD, 

developmental toxicology 
studies were conducted with 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
acetaminophen. The following 
data are based on findings from 
studies performed with 
acetaminophen alone.  Studies 
in pregnant rats that received 
oral acetaminophen during 
organogenesis at doses up to 
0.88 the maximum human daily 
dose (MHDD) of 3.9 grams/day 
based on a body surface area 
comparison showed evidence 
of fetotoxicity (reduced fetal 
weight and length) and a dose-
related increase in bone 
variations (reduced ossification 
and rudimentary rib changes). 
Offspring had no evidence of 
external, visceral, or skeletal 
malformations.  When pregnant 
rats received oral 
acetaminophen throughout 
gestation at doses of 1.2 times 
the MHDD (based on a body 
surface area comparison), 
areas of necrosis occurred in 
both the liver and kidney of 
pregnant rats and fetuses. 
These effects did not occur in 
animals that received oral 
acetaminophen at doses 0.3 
times the MHDD, based on a 
body surface area comparison. 
In a continuous breeding study, 
pregnant mice received 0.25, 
0.5, or 1.0% acetaminophen via 
the diet (357, 715, or 1430 
mg/kg/day). These doses are 
approximately 0.45, 0.89, and 
1.78 times the MHDD, 
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Sponsor’s Proposed 
Labeling Recommended Labeling Rationale/Comment

respectively, based on a body 
surface area comparison. A 
dose-related reduction in body 
weights of fourth and fifth litter 
offspring of the treated mating 
pair occurred during lactation 
and post-weaning at all doses. 
Animals in the high dose group 
had a reduced number of litters 
per mating pair, male offspring 
with an increased percentage 
of abnormal sperm, and 
reduced birth weights in the 
next generation pups.

respectively, based on a body 
surface area comparison. A 
dose-related reduction in body 
weights of fourth and fifth litter 
offspring of the treated mating 
pair occurred during lactation 
and post-weaning at all doses. 
Animals in the high dose group 
had a reduced number of litters 
per mating pair, male offspring 
with an increased percentage 
of abnormal sperm, and 
reduced birth weights in the 
next generation pups.

8.3 Females and Males of 
Reproductive Potential

Infertility

Chronic use of opioids may 
cause reduced fertility in 
females and males of 
reproductive potential. It is not 
known whether these effects on 
fertility are reversible [see 
Adverse Reactions (6.2)), 
Clinical Pharmacology (12.2)].

8.3 Females and Males of 
Reproductive Potential

Infertility

Chronic use of opioids may 
cause reduced fertility in 
females and males of 
reproductive potential. It is not 
known whether these effects on 
fertility are reversible [see 
Adverse Reactions (6.2), 
Clinical Pharmacology (12.2)].

Published animal studies report 
that oral acetaminophen 
treatment of male animals at 
doses that are 1.2 times the 
MHDD and greater (based on a 
body surface area comparison) 
result in decreased testicular 
weights, reduced 

Data sources:  A 
multigenerational 
study was conducted 
by the NTP (Lamb, 
1997; Program, 
1984; and Reel et al., 
1992).  Fertility 
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Sponsor’s Proposed 
Labeling Recommended Labeling Rationale/Comment

role in the analgesic effects of 
this drug.

role in the analgesic effects of 
this drug.

Acetaminophen
Acetaminophen is a non-opioid, 
non-salicylate analgesic. The 
site and mechanism for the 
analgesic effect of 
acetaminophen has not been 
determined but is thought to 
primarily involve central 
actions.

Acetaminophen
Acetaminophen is a non opioid, 
non salicylate analgesic. The 
site and mechanism for the 
analgesic effect of 
acetaminophen has not been 
determined but is thought to 
primarily involve central 
actions.

The precise mechanism of the 
analgesic properties of 
acetaminophen is not 
established but is thought to 
involve central actions.

The proposed 
statement is based 
on literature and has 
been used as class 
labeling for 
acetaminophen 
containing products.

13 NONCLINICAL 
TOXICOLOGY

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility

Carcinogenesis
Long-term studies to evaluate 
the carcinogenic potential of 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
acetaminophen have not been 
conducted. 

Long-term studies in mice and 
rats have been completed by 
the National Toxicology 
Program to evaluate the 
carcinogenic potential of 
acetaminophen. In 2-year 
feeding studies, F344/N rats 
and B6C3F1 mice were fed a 

13 NONCLINICAL 
TOXICOLOGY

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility

Carcinogenesis 
Long-term studies to evaluate 
the carcinogenic potential of 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
acetaminophen have not been 
conducted. 

Long-term studies in mice and 
rats have been completed by 
the National Toxicology 
Program to evaluate the 
carcinogenic potential of 
acetaminophen. In 2-year 
feeding studies, F344/N rats 
and B6C3F1 mice were fed a 

The margins 
provided were 
revised using the 
maximum 
recommended 
human dose for the 
current label (i.e., 
APAP at 3.9 
grams/day.  

Note to Sponsor: 
Ultracet MHDD is not 
applicable here.  The 
current label must 
use the MHDD of 3.9 
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Sponsor’s Proposed 
Labeling Recommended Labeling Rationale/Comment

In the published literature, 
acetaminophen has been 
reported to be clastogenic 
when administered at 1500 
mg/kg/day to the rat model 
(3.7-times the MHDD, based on 
a body surface area 
comparison). In contrast, no 
clastogenicity was noted at a 
dose of 750 mg/kg/day (1.9-
times the MHDD, based on a 
body surface area comparison), 
suggesting a threshold effect.

using human lymphocytes.  In 
the published literature, 
acetaminophen has been 
reported to be clastogenic 
when administered at 1500 
mg/kg/day to the rat model 
(3.7-times the MHDD, based on 
a body surface area 
comparison). In contrast, no 
clastogenicity was noted at a 
dose of 750 mg/kg/day (1.9-
times the MHDD, based on a 
body surface area comparison), 
suggesting a threshold effect.

Impairment of Fertility
No nonclinical fertility studies 
have been conducted with 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
acetaminophen. 

In studies conducted by the 
National Toxicology Program, 
fertility assessments with
acetaminophen have been 
completed in Swiss CD-1 mice 
via a continuous breeding 
study. There were no effects on 
fertility parameters in mice 
consuming up to 1. times the 
MHDD of acetaminophen, 
based on a body surface area 
comparison. Although there 
was no effect on sperm motility 
or sperm density in the 
epididymis, there was a 
significant increase in the
percentage of abnormal sperm 
in mice consuming 1 times 
the MHDD (based on a body 
surface comparison) and there 
was a reduction in the number 
of mating pairs producing a fifth 

Impairment of Fertility
No nonclinical fertility studies 
have been conducted with 
benzhydrocodone or the 
combination of 
benzhydrocodone and 
acetaminophen. 

In studies conducted by the 
National Toxicology Program, 
fertility assessments with 
acetaminophen have been 
completed in Swiss CD-1 mice 
via a continuous breeding 
study.  There were no effects 
on fertility parameters in mice 
consuming up to 1 8 times the 
MHDD of acetaminophen, 
based on a body surface area 
comparison.  Although there 
was no effect on sperm motility 
or sperm density in the 
epididymis, there was a 
significant increase in the 
percentage of abnormal sperm 
in mice consuming 1 8 times 
the MHDD (based on a body 
surface comparison) and there 
was a reduction in the number 
of mating pairs producing a fifth 

The margins 
provided were 
revised using the 
maximum 
recommended 
human dose for the 
current label (i.e., 
APAP at 3.9 
grams/day).  
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These packaging configurations consist of well-characterized materials; therefore, there 
are no safety concerns from a pharmacology/toxicology perspective related to either 
container closure systems.
  

11 Integrated Summary and Safety Evaluation
NDA 208653 was submitted via the 505(b)(2) regulatory pathway with Vicoprofen (NDA 
20716 for hydrocodone) and Ultracet (NDA 21123 for APAP) as the referenced products 
to support the safety of the Apadaz product.  As mentioned above, the current 
submission reviewed is a complete response to a deficiency related to false and 
misleading labeling.  There were no deficiencies identified by the pharmacology 
toxicology discipline but labeling changes were recommended to be consistent with 
current acetaminophen and hydrocodone labeling.  Taken together, the PT Reviewer 
recommends that NDA 208653 may be approved with the recommended labeling 
changes and the recommended PMR for a juvenile animal study (see above).  
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12 Appendix/Attachments

The PT Review created the table below based on published studies evaluating 
acetaminophen in terms of carcinogenesis (Program, 1993b), mutagenesis (Bergman et 
al., 1996a), and reproductive and developmental toxicology (Boyd and Hogan, 1968b; 
Burdan, 2000a; 2003b; Burdan et al., 2001a; Dean et al., 2016; Holm et al., 2016; 
Jaqueson et al., 1984; Lamb, 1997b; Neto et al., 2004a; Program, 1984b; Ratnasooriya 
and Jayakody, 2000b; Reel et al., 1992b; Yano and Dolder, 2002b).  See the table for 
species, treatment, and exposure margin information.   

Table 2.  Summary Information for the Published Studies Used to Write the Label 

   Treatment      
   Duration Tox Dose Exposure  

Study Type Species Sex (days) Call mg/kg mg/m2 Margin Citation
M MTD 295 1770 0.736Rat
F ECA 318 1908 0.793
M 1010 3030 1.260

Carcinogenicity 
Mouse

F

≤ 730?
MTD

1187 3561 1.481

NTP, 1993

Toxic 1500 9000 3.742Mutagenesis Rat ? 1
NOEL 750 4500 1.871

Bergman et al., 1996

M/F 47 1430 4290 1.784
Reel et al., 1992; Lamb, 1997; 

and NTP, 1984Mice

F ?

Toxic

50 150 0.062 Holm et al., 2016

F 9 350 2100 0.873 Dean et al., 2016
M 100 500 3000 1.247 Boyd and Hogan, 1968

M 70 500 3000 1.247 Jacqueson et al., 1984

M/F 30 500 3000 1.247
Ratnasooriya and Jayakody, 

2000

Fertility

Rats

M 1

Toxic

650 3900 1.622 Yano and Dolder, 2002

F 7 Toxic 
350 2100 0.873 Burdan 2000, 2001, and 2003

NOAEL 125 750 0.312

500 3000 1.247

Embry-Fetal Rats
F ? Toxic

1500 9000 3.742

Neto et al., 2004
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Nonclinical Recommendations for Acetaminophen Rx Labeling

The following labeling recommendations for acetaminophen are based upon a review of 
the literature completed by R. Daniel Mellon, PhD in 2010 and updated by Carlic Huynh, 
PhD in 2016. 
 

Recommended Labeling Rationale/Comment
8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy 
Nonclinical Risk Summary Statement 
(Human data to be provided by 
Maternal Health Review Team)
Animal reproduction studies have not been 
conducted with IV acetaminophen.  
Reproductive and developmental studies 
in rats and mice from the published 
literature identified adverse events at 
clinically relevant oral doses of 
acetaminophen.  Treatment of pregnant 
rats with doses of acetaminophen 
approximately equal to the maximum 
human daily dose (MHDD) showed 
evidence of fetotoxicity and increases in 
bone variations in the fetuses.  In another 
study, necrosis was observed in the liver 
and kidney of both pregnant rats and 
fetuses at doses approximately equal to 
the MHDD.  In mice and rats treated with 
acetaminophen at doses within the clinical 
dosing range, cumulative adverse effects 
on reproductive capacity were reported.  In 
mice, a reduction in number of litters of the 
parental mating pair was observed as well 
as retarded growth, abnormal sperm in 
their offspring, and reduced birth weight in 
the next generation.  In rats, female fertility 
was decreased following in utero exposure 
to acetaminophen [see DATA]. 

See labeling for human risk summary 
statement

The proposed risk summary statement is 
based on the data in the animal data 
section below.  

The estimated background risk of major 
birth defects and miscarriage for the 
indicated population is unknown.  All 
pregnancies have a background risk of 
birth defect, loss, or other adverse 

PLLR Boilerplate to date.
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Recommended Labeling Rationale/Comment
outcomes.  In the U.S. general population, 
the estimated background risk of major 
birth defects and miscarriage in clinically 
recognized pregnancies is 2-4% and 15-
20%, respectively.
Animal Data
Studies in pregnant rats that received oral 
acetaminophen during organogenesis at 
doses up to 0.85 times the maximum 
human daily dose (MHDD = 4 grams/day, 
based on a body surface area comparison) 
showed evidence of fetotoxicity (reduced 
fetal weight and length) and a dose-related 
increase in bone variations (reduced 
ossification and rudimentary rib changes).  
Offspring had no evidence of external, 
visceral, or skeletal malformations.  

The statement regarding bone effects in 
the rat model represents collective review 
of the data reported in the studies from 
Burdan (2000, 2001, and 2003).  

When pregnant rats received oral 
acetaminophen throughout gestation at 
doses of 1.2-times the MHDD (based on a 
body surface area comparison), areas of 
necrosis occurred in both the liver and 
kidney of pregnant rats and fetuses.  
These effects did not occur in animals that 
received oral acetaminophen at doses 0.3-
times the MHDD, based on a body surface 
area comparison.  

These rat data regarding liver and kidney 
toxicity are from Neto et al (2004).  

In a continuous breeding study, pregnant 
mice received 0.25, 0.5, or 1.0% 
acetaminophen via the diet (357, 715, or 
1430 mg/kg/day).  These doses are 
approximately 0.43, 0.87, and 1.7 times 
the MHDD, respectively, based on a body 
surface area comparison.  A dose-related 
reduction in body weights of fourth and 
fifth litter offspring of the treated mating 
pair occurred during lactation and post-
weaning at all doses.  Animals in the high 
dose group had a reduced number of 
litters per mating pair, male offspring with 
an increased percentage of abnormal 
sperm, and reduced birth weights in the 
next generation pups.

The mouse data are from the NTP 
reproductive toxicology study as 
summarized by Reel et al. (1992).  
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Recommended Labeling Rationale/Comment
8.3 Females and Males of Reproductive 
Potential
Published animal studies report that oral 
acetaminophen treatment of male animals 
at doses that are 1.2 times the MHDD and 
greater (based on a body surface area 
comparison) result in decreased testicular 
weights, reduced spermatogenesis, 
reduced fertility, and reduced implantation 
sites in females given the same doses.  
Additional published animal studies 
indicate that acetaminophen exposure in 
utero adversely impacts reproductive 
capacity of both male and female offspring 
at clinically relevant exposures [see 
Nonclinical Toxicology (13.1)].

Section 8.3 was added as several 
published studies report effects of 
acetaminophen on reproductive potential.

The multigenerational study was 
conducted by the NTP (Lamb, 1997; 
Program, 1984; and Reel et al., 1992).  
Fertility studies were summarized in the 
literature (Boyd and Hogan, 1968; 
Jacqueson et al., 1984; Lamb, 1997; Yano 
and Dolder, 2002; and Holm et al., 2016).

13 NONCLINICAL TOXICOLOGY
13.1 Carcinogenesis, Mutagenesis, 

Impairment of Fertility

Carcinogenesis

Long-term studies in mice and rats have 
been completed by the National 
Toxicology Program to evaluate the 
carcinogenic potential of acetaminophen.  
In 2-year feeding studies, F344/N rats and 
B6C3F1 mice were fed a diet containing 
acetaminophen up to 6000 ppm.  Female 
rats demonstrated equivocal evidence of 
carcinogenic activity based on increased 
incidences of mononuclear cell leukemia 
at 0.8 times the maximum human daily 
dose (MHDD) of 4 grams/day, based on a 
body surface area comparison.  In 
contrast, there was no evidence of 
carcinogenic activity in male rats (0.7 
times) or mice (1.2-1.4 times the MHDD, 
based on a body surface area 
comparison).

Based on current CDER ECAC standards, 
the mononuclear cell leukemia findings 
were deemed significant.  However, the 
ECAC concluded that the finding is 
considered to have limited relevance to 
humans.  We elected to leave the 
“equivocal” statement in the labeling, as 
that is what the NTP concluded at the time 
and is how the results were described in 
the study report.  

Mutagenesis
Acetaminophen was not mutagenic in the 
bacterial reverse mutation assay (Ames 
test).  In contrast, acetaminophen tested 

Findings from the Ames and in vitro 
chromosomal aberrations assays are from 
the studies conducted by the NTP.  
Although there are several studies in the 
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Recommended Labeling Rationale/Comment
positive in the in vitro mouse lymphoma 
assay and the in vitro chromosomal 
aberration assay using human 
lymphocytes.  In the published literature, 
acetaminophen has been reported to be 
clastogenic when administered a dose of 
1500 mg/kg/day to the rat model (3.6-
times the MHDD, based on a body surface 
area comparison).  In contrast, no 
clastogenicity was noted at a dose of 750 
mg/kg/day (1.8-times the MHDD, based on 
a body surface area comparison), 
suggesting a threshold effect.

literature that suggest the same 
conclusion, the NTP studies are the most 
definitive studies and result in the same 
basic message.  

The NTP has not conducted an in vivo 
assay for chromosomal damage.  There 
are, however, numerous reports, as 
summarized in several articles (Bergman 
et al., 1996b; Rannug et al., 1995) that 
demonstrate positive findings for 
clastogenicity in both animals and 
humans.  The summary article (Bergman 
et al. 1996) suggests that there should be 
a threshold for these effects and that they 
likely occur at hepatotoxic doses.  
Definitive concurrence with such a 
conclusion would require careful 
evaluation of the underlying data that are 
not available to the Agency.  The proposed 
labeling reflects the results for the pivotal 
in vivo study described in the Bergman 
review.  Since the data are consistent with 
the carcinogenicity study results, and the 
study was apparently completed for the 
German regulatory authorities, the 
reported results will be included in product 
labeling.  

Impairment of fertility
In studies conducted by the National 
Toxicology Program, fertility assessments 
with acetaminophen have been completed 
in Swiss CD-1 mice via a continuous 
breeding study.  There were no effects on 
fertility parameters in mice consuming up 
to 1.7 times the MHDD of acetaminophen, 
based on a body surface area comparison.  
Although there was no effect on sperm 
motility or sperm density in the epididymis, 
there was a significant increase in the 
percentage of abnormal sperm in mice 
consuming 1.7 times the MHDD (based on 
a body surface area comparison) and 
there was a reduction in the number of 

To date, the results of the fertility 
endpoints from Reel et al. (1992) serve as 
the primary data on fertility.  

The statement regarding testicular findings 
is derived from studies in rats by Boyd and 
Hogan (1968) and Jacqueson et al (1984) 
which reported decreased testicular 
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Recommended Labeling Rationale/Comment
mating pairs producing a fifth litter at this 
dose, suggesting the potential for 
cumulative toxicity with chronic 
administration of acetaminophen near the 
upper limit of daily dosing. 

Published studies in rodents report that 
oral acetaminophen treatment of male 
animals at doses that are 1.2 times the 
MHDD and greater (based on a body 
surface area comparison) result in 
decreased testicular weights, reduced 
spermatogenesis, reduced fertility, and 
reduced implantation sites in females 
given the same doses.  These effects 
appear to increase with the duration of 
treatment.  

weights and spermatogenesis following 
dosing of acetaminophen at 1.2 times the 
MHDD for longer than 30-days.  

There are data in the rat reporting effects 
on sexual behavior, sperm parameters, 
early implantation, and fertility at doses 
that are also only 1.2 fold the maximum 
human dose (Ratnasooriya and Jayakody, 
2000).

Ultrastructural changes in the testes have 
been reported after a single dose of oral 
APAP (1.6 times the MHDD) to the male 
rat by Yano et al. (2002).

In a published mouse study, oral 
administration of 50 mg/kg acetaminophen 
to pregnant mice from Gestation Day 7 to 
delivery (0.06 times the MHDD) reduced 
the number of primordial follicles in female 
offspring and reduced the percentage of 
full term pregnancies and number of pups 
born to these females exposed to 
acetaminophen in utero.

Data Source (Holm et al., 2016).

In a published study, pregnant rats oral 
administration of 350 mg/kg 
acetaminophen (0.85 times the MHDD) 
from Gestation Day 13 to 21 (dams), 
reduced the number of germ cells in the 
fetal ovary and decreased ovary weight 
and reduced number of pups per litter in 
F1 females as well as reduced ovary 
weights in F2 females.

Data Source:  (Dean et al., 2016).

Genetic Toxicology of APAP.  There are numerous studies in the literature that report 
positive genotoxicity findings for acetaminophen.  As summarized in one review article 
of the genotoxic effects of acetaminophen (Rannug et al., 1995), “[a]n overall evaluation 
of the data indicates that genotoxic effects of paracetamol contribute to the total burden 
of genetic damage observed in humans.”  Given the widespread use of acetaminophen, 
careful consideration of these findings must be made in order to provide as accurate 
information as possible for product labeling.  
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The United States National Toxicology Program (NTP) has conducted in vitro 
mutagenicity and clastogenicity studies on APAP (Program, 1993a).  The results of the 
NTP studies indicate that acetaminophen tests negative as a mutagen; however, it tests 
positive as a clastogen in vitro (induced sister chromatid exchanges and chromosomal 
aberrations in CHO cells).  These data are available to the public, employed current 
protocols and were conducted in accordance with Good Laboratory Practices (GLPs).  
These findings also should be included in product labeling.  Although there are 
numerous published studies that support the conclusion that APAP is clastogenic in 
vitro (Ibrulj et al., 2007), the results of the NTP studies provide adequate data to support 
such a statement in the product labeling.

As per current standards, positive in vitro clastogenicity results must be further 
assessed via an adequate in vivo study which can also provide information with respect 
to a potential No Observed Effect Level (NOEL) for clastogenicity.  The NTP has not 
conducted an in vivo assay for clastogenicity, such as the micronucleus assay.  
Although there are many references to in vivo clastogenicity studies in the literature (for 
reviews see (Bergman et al., 1996b; Rannug et al., 1995)), the cited studies that would 
most closely resemble current study protocols are not publically available.  However, as 
results from in vivo studies provide data regarding a potential threshold for 
clastogenicity, results from adequate in vivo studies should also be included in the 
product labeling.  

Shortly after the Rannug article was published, three European Regulators (Medical 
Products Agency in Sweden, Federal Institute for Drugs and Medical Devices in 
Germany and Medicines Control Authority in Norway) published a second review on the 
subject of the genotoxicity and carcinogenicity of acetaminophen (Bergman et al., 
1996b).  This summary review cites several studies that were apparently conducted at 
the request of the German regulatory authorities to more definitively characterize the in 
vivo clastogenic potential of acetaminophen.  These original studies are not available as 
they are owned by Ciba-Geigy and Hazelton Labs and/or the German regulatory 
authorities.  However, according to Bergman, they were published by Baumeister in 
1995.  This citation was obtained by the review team and determined to be an abstract 
of a presentation.  As this reference did not provide actual data, it normally would not be 
used to inform product labeling.  Bergman et al. conclude that there is “convincing 
evidence that genotoxic effects of paracetamol appear only at dosages inducing 
pronounced liver and bone marrow toxicity and that the threshold level for genotoxicity 
is not reached at therapeutic dosages.”  The Bergman paper conclusion that the 
genotoxic effects of the acetaminophen only occur at doses that exceed the hepatotoxic 
doses in the rat model is illustrated in the diagram below, reproduced from that article.
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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 
(180 mg/m2) provides an exposure margin of 0.07.  The high dose of 300 mg/kg (900 
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mg/m2) provides an exposure margin of 0.36, suggesting that the hepatotoxicity or 
genotoxicity occurs at clinically relevant exposures.  However, given the uncertainty if 
the finding is due to cytotoxicity or actual genotoxicity in this study, this study is not 
recommended to be included in the product labeling.  

Carcinogenicity of APAP.  Studies conducted by the NTP to evaluate the carcinogenic 
potential of acetaminophen can be used to support oral acetaminophen drug product 
prescription labeling.  The study reports are available publicly.  The NTP study reports 
do not contain toxicokinetic data; therefore, the exposure margins for the product 
labeling will be based on body surface area comparisons for the label.  The summary of 
the study results is reproduced from the NTP report in the table below:
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Mean daily doses of APAP consumed were calculated based on mean food 
consumption over the course of the above studies 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/m2 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 (Caldwell, 1999; Haseman et al., 1998; 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, 1968a; Jacqueson et al., 1984; 
Lamb, 1997a).  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.  

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 
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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 cannot 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, 2000a).  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, 2002a).  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 (Lamb, 1997a; Program, 1984a; Reel et al., 
1992a).  These doses resulted in exposures estimated from food consumption of 357, 
715, and 1430 mg/kg/day (Reel et al., 1992a).  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 cannot be obtained via this study.  The high dose tested, 
1430 mg/kg (4290 mg/m2) is 1.7 times the maximum daily dose of APAP (4000 mg/60 
kg = 2467 mg/m2) based on a body surface area comparison.
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Cumulative exposure to APAP appeared to reduced fecundity of mating pairs, since 6 of 
19 high-dose pairs failed to produce a fifth litter and of the 13 mating pairs that did 
produce a litter, there was a reduction in the number of live pups born (Reel et al., 
1992a).  

A rat study on male fertility was conducted by Kristensen et al. (2011) where Wistar rat 
dams were dosed 150, 250, and 350 mg/kg/day of APAP (0.36x, 0.61x, and 0.85x the 
maximum daily human dose of 4000 mg based on a body surface area comparison) 
from Gestational Day (GD) 13 to 21 via oral gavage.  Following dosing, the anogenital 
distance (AGD), which is the distance from the anus to the genitalia (mm), was 
measured and an AGDi was calculated by dividing the AGD by the cube root of the 
body weight in kg for each rat.  Rat studies using testosterone and an anti-androgen 
have indicated that androgen deficiency during a critical male programming window 
from GD 15.5 to 17.5 leads to cryptorchidism, hypospadias, compromised fertility, and 
reduction in the AGD (Welsh et al., 2008).  On GD 21, Caesarean sections were 
performed on each dam.  The following figure illustrates the changes in the AGDi of the 
male pups following maternal exposure to APAP on GD 13 to 21 (from Kristensen et al., 
2011):
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As shown in the figure above, a significant decrease in the AGDi was observed in the 
male pups following maternal exposure to APAP.  

Additionally, testosterone production was analyzed on fetal testes at the time of fetal 
testosterone production initiation at GD 14.5 in an ex vivo culture system where the 
testes were dissected out of male rats from GD 14.5 and cultured in the presence of 
APAP for 3 days duration.  As shown in the figure below, testosterone levels were 
significantly decreased for up to 3 days whereas prostaglandin levels were significantly 
decreased for 1 day (Kristensen et al., 2011).  
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Testosterone levels were not measured under in vivo conditions but assayed using an 
ex vivo culture system.  Nonetheless the results are consistent with an impact of APAP 
on testosterone production early in development of male fetuses.  These data are also 
consistent with the current labeling which states that APAP can reduce testicular 
weights, spermatogenesis, and fertility in rodents at clinically relevant exposures.  
However, importantly, these data suggest a smaller exposure margin for adverse 
effects, such as decreased testosterone production during development.  Overall, the 
Kristensen et al., 2011 study does provide additional information suggesting an impact 
on testosterone production early in development at lower exposures than the currently 
listed 1.2 times the MHDD margins.

The effects of APAP and aniline on male fertility were studied in mice by Holm et al. 
(2015).  In this study, mated female C57BL/6J mice were divided into five treatment 
groups that either received water control, acetaminophen, or aniline.  Mice in the 
acetaminophen groups, either received 50 or 150 mg/kg/day of APAP (0.06x and 0.18x 
the maximum daily human dose of 4000 mg based on a body surface area comparison).  
Mice in the aniline groups either received 31 or 93 mg/kg/day of aniline (which is 
converted into APAP).  The doses of APAP or aniline were dissolved in 0.5 mL of water 
and administered from Gestational Day 7 to delivery.  This study demonstrated that 
aniline is converted to acetaminophen by the liver.  The following figure illustrates the 
conversion of aniline to APAP with reported APAP levels in the urine collected in mice 
at 4 and 24 hours after oral gavage administration of aniline or acetaminophen (see the 
following figure from Holm et al., 2015).
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To measure any anti-androgenic effects, the anogenital distance (AGD) was measured 
and the AGD index (AGDi) was calculated by dividing the AGD by the cube root of the 
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body weight.  Anogenital distance is the length between the anus and genital tubercle 
and increases during development.  Males have a larger anogenital distance than 
females and this is believed to be due to testosterone production.  Therefore, reduced 
anogenital distance in males is believed to be a surrogate for reduced testosterone 
production and has been associated with reduced fertility.  The AGDi was significantly 
reduced in males from all APAP groups compared to control for up to 10 weeks post-
birth (see figure below, from Holm et al., 2015).  This study demonstrated that 
administration of acetaminophen or aniline impaired male reproductive development.  

In a different study by the same group, the effects of APAP and aniline on female fertility 
were evaluated in mice by Holm et al. (2016).  In this study, C57BL/6J mice were 
divided into five treatment groups that either received water control, acetaminophen, or 
aniline.  Mice in the acetaminophen groups, either received 50 or 150 mg/kg/day of 
APAP (0.06x and 0.18x the maximum daily human dose of 4000 mg based on a body 
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surface area comparison).  Mice in the aniline groups either received 31 or 93 
mg/kg/day of aniline (which is converted into APAP as reported previously).  The doses 
of APAP or aniline were dissolved in 0.5 mL of water.  Females and males were initially 
caged and dosed together.  Following determination of pregnancy, the males were 
separated from the females but were kept as sentinels for toxicity.  To determine the 
effects of intrauterine exposure (Days 7 to 13.5 post-coitum) to APAP on fetal gonads, a 
separate set of C57BL/6J dams from the 50 mg/kg/day APAP oral gavage dose group 
was sacrificed on Day 13.5 post-coitum and the fetal gonads were dissected out and 
analyzed.  To test female reproductive capacity after intrauterine exposure to APAP, 
eight female offspring from the control group were randomly selected and caged 
pairwise with eight female offspring from the 50 mg/kg/day APAP dose group.  These 
female pairs were then caged and mated with a male C57BL/6J mouse that was not 
previously exposed to APAP.  Thereafter, the dams were separated and pregnancies, 
time of birth, weight of pups, number of live and dead born pups, and lactating dams 
(with suckling pups) were recorded until 14 days after the last birth.  Mating was 
performed twice at 6 months and 10 months of age.  In another set of experiments, fetal 
gonad/mesonephros complexes from inbred C56BL/6 mice and outbred CD 1 mice 
were dissected out at Day 12.5 post-coitum and cultured for 3 days with and without 
APAP in an ex vivo culture system.  The ex vivo culture system has not been validated 
for regulatory use and therefore the results of this particular assay will not be included in 
the label.

The AGDi was reduced in female off-spring in APAP or aniline treatment groups 
compared to control (see figures below, from Holm et al., 2016).

The follicle population was depleted after 7 weeks post-birth of female pups born to 
dams exposed to APAP (50 and 150 mg/kg/day) as shown in the figure below (from 
Holm et al., 2016).
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Primordial follicles, growing follicles, atretic follicles, and total follicles were all 
significantly reduced in a dose-dependent manner in pups born to dams treated with 
APAP (see figure above).

Fertility of female mice exposed to APAP in utero was significantly reduced in terms of 
% of full term pregnancies as well as pups per dam at both the 6-month and 10-month 
time point in female rats (dams) dosed with 50 mg/kg/day of APAP (see table below, 
from Holm et al., 2016).

Reference ID: 4216688



NDA 208653 Reviewer: Marcus Delatte, PhD

35

There was significantly reduced expression of Mvh, a marker of fetal germ cells, in 
female pups born to dams exposed to APAP on Day 13.5 post-coitum.

It is noted that Holm et al., 2016 only dosed the dams using 2 doses of APAP (50 and 
150 mg/kg/day) and a NOAEL for follicle depletion in the female pups or other 
measured endpoints was not identified.  Although follicle depletion as well as the AGD 
and AGDi are not typical endpoints for fertility, the study does examine % of full term 
pregnancy and pups per dam, both of which were significantly reduced with APAP 
treatment.  A reduction in the percentage of full term pregnancies and number of pups 
was reported from dosed dams exposed to APAP from Day 7 post-coitum to delivery at 
a dose that was 0.06x the maximum daily human dose of 4000 mg based on a body 
surface area comparison.  These data suggest an adverse impact on female fertility 
following in utero exposure.  These findings extend previous mouse male fertility 
findings, and the results of this study are appropriate to include in the label.  In support 
of the findings from this paper (Holm et al., 2016), Dean et al. (2016) also investigated 
female fertility as a toxicological endpoint in a pre- and post-natal development study 
(see below).

Effects on Embryo-Fetal Development.  Information in the published domain were 
reviewed to determine whether any results can be used to inform the Pregnancy section 
of acetaminophen product labeling (Burdan, 2000b; Lambert and Thorgeirsson, 1976; 
Laub et al., 2000; Lubawy and Garrett, 1977; Neto et al., 2004b; Reel et al., 1992a).  

The published nonclinical literature identified by the review team is summarized below:  

Lambert and Thorgeirsson report no teratogenic effect of acetaminophen in B6 and AK 
strains of mice treated from Gestation Day 6 through 13 with APAP does of 100 and 
250 mg/kg via IP injection.  Based on a body surface area comparison, the dose of 250 
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mg/kg in a mouse (750 mg/m2) is only 0.3-times the maximum recommended human 
dose of 4000 mg/60 kg person (2466.6 mg/m2).  However, as the parameters examined 
were not described in the publication, it is not possible to confirm the adequacy of the 
study (Lambert and Thorgeirsson, 1976).  

Lubawy and Garrett report that there were no adverse effects of 125 mg/kg or 250 
mg/kg APAP when administered to pregnant rats from Gestation Day 8 through 19.  
However, this study does not appear to examine visceral or skeletal malformations and 
therefore cannot be considered an adequate embryo-fetal development study (Lubawy 
and Garrett, 1977).  Based on a body surface area comparison, the dose of 250 mg/kg 
in a rat (1500 mg/m2) is only 0.6-times the maximum recommended human dose of 
4000 mg/60 kg person (2466.6 mg/m2).

As referenced above in the fertility discussion, Reel et al. report the results of NTP’s 
continuous breeding study in mice; however, these studies do not appear to have been 
designed to specifically monitor for visceral or skeletal malformations (Reel et al., 
1992a).  The authors, however, report a decreased number of live pups in the fifth litter.  
Assessment of the F1 mice from the fourth and fifth litter indicated that pup weights at 
birth were not affected by APAP treatment; however, body weights of the F1 mice 
during the lactational and postweaning periods were depressed in a dose-related 
manner, as noted in the table below (reproduced from the Reel et al. publication).

Laub et al. administered APAP to female mice only during the first few days of 
gestation; therefore, this study cannot be deemed an embryo-fetal development study 
since dosing did not cover the period of organogenesis.  This study did suggest that 
APAP doses of 800 or 1430 mg/kg did not affect the development of preimplantation 
embryos (Laub et al., 2000).  Based on a body surface area comparison, the dose of 
1430 mg/kg in a mouse (4290 mg/m2) is 1.7-times the maximum recommended human 
dose of 4000 mg/60 kg person (2466.6 mg/m2).
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Burdan has also examined the potential external, visceral, and skeletal effects of the 
combination of APAP and caffeine (doses of APAP are the same as in the two previous 
studies).  The author reports no evidence of malformations in any group (Burdan, 
2003a).  Collectively, the work of Burdan and colleagues suggests that treatment of the 
rat during organogenesis results in evidence of fetotoxicity (reduced fetal weight and 
length), statistically insignificant increases in altered bone morphology, but no evidence 
of external, visceral, or skeletal malformations.  None of the studies that examined 
APAP alone demonstrated evidence of maternal toxicity; however, the top dose 
represents only 0.85-times the maximum recommended human daily dose of 4000 
mg/day on a body surface area basis.

Neto et al. treated pregnant rats via oral gavage with 0, 125, 500, or 1500 mg/kg APAP 
from Gestation Day 1 to term pregnancy and examined the effects on maternal and fetal 
liver and kidney via light and electron microscopy.  As this study did not examine either 
visceral or skeletal tissues, it is not an adequate embryo-fetal development study.  The 
two higher doses tested produced necrotic areas in both the liver and kidney in both 
maternal and fetal tissues (Neto et al., 2004b).  Based on a body surface area 
comparison, the dose of 500 mg/kg in a rat (3000 mg/m2) is only 1.2-times the 
maximum recommended human dose of 4000 mg/60 kg person (2466.6 mg/m2).  The 
authors report a NOEL for APAP-induced microscopic liver and kidney changes of 125 
mg/kg.  Based on a body surface area comparison, the dose of 125 mg/kg in a rat (750 
mg/m2) is only 0.3-times the maximum recommended human dose of 4000 mg/60 kg 
person (2466.6 mg/m2).  The study supports the conclusion that in the rat model, APAP 
treatment will produce both maternal and fetal liver and kidney histopathology at a dose 
between 125 and 500 mg/kg (between 0.3 and 1.2-times the maximum recommended 
human dose based on body surface area).  
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Effects on 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., 2004b).  As the 
effects reported in Neto et al. represent adverse effects on the fetus, they should be 
included in the product labeling, unless superseded by adequate human data.

Blecharz-Klin et al. studied the levels of neurotransmitters in various regions of the 
nervous system of 2-month old male rats born to mothers that were exposed to APAP in 
the drinking water at doses of 5 and 15 mg/kg/day (0.012x and 0.036x the maximum 
daily human dose of 4000 mg based on a body surface area comparison) during 
pregnancy and lactation (Blecharz-Klin et al., 2015a, 2015b, and 2016).  Immediately 
following birth, these male rat pups stayed with their mother for 28 days until weaning 
and then were exposed to APAP in the drinking water for an additional 28 days.  The 
dosing duration of this study represents the dose duration of a typical pre- and postnatal 
development study.  The following tables illustrate the changes in the level of 
monoamines and their metabolites and changes in amino acids levels in the medulla 
oblongata, cerebellum, and spinal cord:

Medulla Oblongata (Blecharz-Klin et al., 2015):
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At 5 mg/kg/day, the levels of noradrenaline and homovanillic acid were significantly 
decreased compared to control.  At 15 mg/kg/day, the levels of noradrenaline (NA), 
dopamine (DA), homovanillic acid (HVA), and 5-hydroxyindoloacetic acid/5-
hydroxytryptamine (5-HIAA/5-HT) ratio were significantly decreased compared to 
control.  Moreover, the levels of 3-methoxy-4-hydroxyphenylglycol (MHPG), the 
MHPG/NA ratio, and 5-hydroxytryptamine (5-HT) were significantly increased compared 
to control.  The decreases in noradrenaline and homovanillic acid were dose-
dependent.  At 5 mg/kg/day, the levels of taurine and alanine were significantly 
decreased compared to control.  There were no changes at 15 mg/kg/day dose group 
making the changes in taurine and alanine not dose-dependent.

Cerebellum (Blecharz-Klin et al., 2016):
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At 15 mg/kg/day, there was an increase in the levels of 3-methoxy-4-
hydroxyphenylglycol (MHPG).  All other changes were not dose-dependent and were 
not different compared to control.

Spinal Cord (Blecharz-Klin et al., 2015b): 

There were significant dose-dependent decreases in the levels of 3-methoxy-4-
hydroxyphenylglycol (MHPG) and 3-methoxytyramine (3-MT) in the 5 and 15 mg/kg/day 
dose groups compared to control.  The levels of dopamine (DA) were significantly 
decreased in both the 5 and 15 mg/kg/day dose groups; however, the decreases were 
not dose-dependent.  At 15 mg/kg/day, there were significant increases in the levels of 
glutamic acid and aspartic acid.

These studies did not utilize a typical pre- and postnatal development study design as 
the typical reproductive and developmental endpoints were not evaluated.  Moreover, 
the F1 pups did not undergo behavioral or functional assessments to determine the 
biological significance of these biochemical changes in the medulla oblongata, 
cerebellum, and spinal cord.  In fact, the researchers do not clearly understand the 
significance of these changes in the cerebellum, medulla oblongata, and spinal cord; 
however, they acknowledge that these changes may play a role in developmental and 
neurological disorders such as ADHD.  Thus, the significance of these changes in 
neurotransmitter levels is unknown and therefore do not warrant inclusion in the label at 
this time.  

Dean et al. (2016) studied exposure to APAP during pregnancy in the F0 dams and its 
effects on germ cell development and reproductive function in the F1 and F2 generation 
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using Wistar rats.  Wistar rats were dosed with 350 mg/kg/day APAP (0.85x the 
maximum daily dose of 4000 mg based on a body surface area comparison) via oral 
gavage as a suspension in corn oil.  Timed-matings were established by the presence 
of a vaginal plug and defined as embryonic day 0.5 (e0.5).  Pregnant dams were dosed 
with 350 mg/kg/day APAP on e13.5 (embryonic day or gestation day) to e21.5 to 
encompass dosing during the masculinization programming window of e15.5 to e18.5.  
Control and APAP dams were sacrificed on e15.5, e16.5, e17.5, e18.5, e21.5, or 
allowed to give birth.  The resulting offspring were then sacrificed on either postnatal 
(PND) 25, which represents early puberty, or PND 90, which represents adulthood.  
Fetuses sacrificed on e21.5 were weighed and the gonads were dissected out.  Post-
natal pups were weighed, sacrificed, and their gonads were dissected out.  Female 
adult rats (F1 generation) that had been exposed in utero to APAP were each placed 
with an untreated control male for 4 days to allow mating and the number of pups per 
litter was counted on the day of birth.  Male adult rats (F1 generation) that had been 
exposed in utero to APAP, each of which was paired with an untreated control female 
for 4 days and the number of pups per litter was counted on the day of birth.  The 
resulting F2 offspring were studied at PND 25 (puberty) or PND 90 (adulthood) with the 
focus on the female F2 offspring as the male F2 offspring did not exhibit any obvious 
reproductive phenotypic change.  Fetal gonads from pups who were exposed to APAP 
in utero were observed with reduced expression of Ep2 (PGE2 receptor) mRNA and 
PGE2 levels but the expression of Cox2 (cyclooxygenase) mRNA was not reduced (see 
below, from Dean et al., 2016).  
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The researchers argue that germ cells express COX2 and prostaglandin receptors such 
as EP2 and therefore, are potential targets for prostaglandins (PG), which demonstrates 
that COX2 and PG receptors might play a common and conserved role in fetal germ cell 
development.  APAP has been shown to alter prostaglandin pathways and is commonly 
used during pregnancy.  Intra-uterine exposure to APAP reduced the number of germ 
cells and weight of the ovary in adult females (see below, from Dean et al., 2016).  Adult 
female fertility was reduced slightly as well.
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In the female ovary, the developmental pathway for germ cells is to switch off 
pluripotency factors and enter meiosis.  The researchers monitored meiosis in F1 female 
fetuses by measuring expression of DMRT1, which is germ cell specific after e15.5 in 
rats, and as such, germ cell loss of DMRT1 expression is an index of completion of 
meiotic entry.  The markers of meiotic entry are Dmrt1 and Stra8.  The pluripotency 
marker Lin28 was used, expression on which is lost in ovarian germ cells in rats and 

Reference ID: 4216688



NDA 208653 Reviewer: Marcus Delatte, PhD

45

humans prior to meiotic entry.  There was increased expression of Dmrt1 and Stra8 
mRNA on e18.5 compared to no statistical differences on e17.5.  Expression of Lin28 
mRNA was increased on e18.5 compared to no statistical differences on e17.5.  Male 
fetal germ cells do no enter meiosis but undergo a differentiation step when pluripotency 
markers (such as OCT4) are switched off at approximately e15.5 to e19.5 in rats (see 
below, from Dean et al., 2016).  The expression of OCT4 was monitored in the male 
gonads from pups born to dams exposed to APAP.  The expression of OCT4 was 
significantly reduced on e15.5, e16.5, and e17.5 compared to age-matched controls 
(see below, from Dean et al., 2016).
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Analgesic exposure caused advanced differentiation of fetal germ cell development in 
males and an opposite effect in females.  The F2 female offspring whose F1 parent was 
exposed to APAP in utero showed a significant reduction in ovary weight at PND25 as 
well as in adulthood.  Ovarian follicle numbers in F2 female offspring whose F1 parent 
was exposed to APAP in utero were also investigated at PND25.  There was a 
significant reduction in primordial follicles and total follicles (see below, from Dean et al., 
2016).
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There was also an increase in serum AMH levels in adult F2 females whose F1 parent 
was exposed to APAP in utero.  AMH is anti-Mϋllerian hormone and is produced in 
large preantral/small antral follicles.  The increased serum levels in AMH are thought to 
explain the slight increase in antral follicles at PND25.

The results from the study by Dean et al., 2016 describe data on developmental fate of 
germs cells in the ovary and testis as well as prostaglandin mRNA expression and 
follicle population in the ovary, which are endpoints that are not the typical endpoints of 
GLP reproductive and development toxicology studies.  Although these atypical 
endpoints were used, the study did use typical endpoints such as ovary weight and 
number of pups per litter.  The study did demonstrate decreases in the ovary weight and 
the number of pups per litter in the F1 females born to dams that were exposed to 
APAP.  The decrease in ovary weight persisted to the F2 females.  Interestingly, the fetal 
weights of the testis in F1 males were not different compared to control and male fertility 
in adults was slightly decreased but not statistically significant.  The male findings may 
be due to lower doses and the shorter dosing period compared to the continuous 
breeding study.  The results from the Dean et al., 2016 study as well as the Holm et al., 
2016 study that describe the impact of acetaminophen on female fertility are relevant 
and warrant inclusion in the label. 
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1 Executive Summary

1.1 Introduction
KemPharm, Inc. is seeking marketing approval for the use of a drug combination 
product containing benzhydrocodone, a prodrug for hydrocodone, and acetaminophen 
(APAP) for the management of acute pain (no more than 14 days).  Benzhydrocodone 
is a prodrug of hydrocodone coupled to benzoic acid.  Note that the carboxyl group of 
benzoic acid is covalently bound by an ester bond to the 6-enol tautomer of 
hydrocodone; therefore, KP201 is not technically considered a new chemical entity 
(ester of hydrocodone).  Also, KP201 does not appear to display any significant 
pharmacological activity.  However, according to the Applicant, the prodrug displays 
unique properties that they propose will contribute to decreased liking via intranasal and 
intravenous abuse; improved physiochemical tamper resistance (such as limited water 
solubility and chemical stability); and decreased patient variability when compared to 
current hydrocodone-APAP combination therapy.  These claims were the topic of an 
Advisory Committee Meeting.  This combination product is planned to be available in 
only one strength: 6.67mg benzhydrocodone hydrochloride and 325 mg/mg APAP.  

The Applicant is submitting NDA 208653 via the 505(b)(2) regulatory pathway with 
Vicoprofen (NDA 20716 for hydrocodone) and Ultracet (NDA 21123 for APAP) 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.  Additionally, the applicant is relying, in part, on published 
literature to support the labeling for APAP and hydrocodone and the safety of the major 
KP201 metabolite benzoic acid, as well as findings from original studies evaluating 
benzhydrocodone.  No new nonclinical studies with acetaminophen or the combination 
were required for this NDA given the lack of measurable exposure to KP201 at the dose 
levels tested (see Clinical Pharmacology review) and the fact that the levels and usage 
of APAP and hydrocodone do not exceed that of the referenced drug products.  The 
excipients in the formulation can be found in higher amounts in FDA-approved chronic-
use drug products and do not pose any novel toxicologic concerns.  The major 
metabolite of KP201, benzoic acid, is generally recognized as safe and as a direct food 
additive (21 CFR §582.3021 and 21 CFR §184.1021) and exposure to benzoic acid via 
the maximum daily dose of KP201 is within the levels found in food.  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 active components, hydrocodone 
and acetaminophen.  

1.2 Brief Discussion of Nonclinical Findings
The Applicant submitted 14- and 28-day repeat-dose toxicology studies in the rat and 
dog and the fully battery of genetic toxicology studies for KP201 and its comparator 
drug hydrocodone bitartrate.  The toxicological profile of KP201 was consistent with the 
expected toxicological profile of hydrocodone and the drug product does not appear to 
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present any different safety profile from comparable generic drug products containing 
hydrocodone and APAP.         

In regard to the genetic toxicology studies conducted, in vitro findings demonstrated that 
KP201 was positive for the induction of structural chromosomal aberrations in the S9-
activated test system at the four-hour exposure time point; whereas it was negative 
under all other conditions in this assay.  KP201 was not mutagenic in the Ames assay.  
KP201 and hydrocodone bitartrate in male rats were both negative in the in vivo 
micronucleus and comet assays.  

Overall, there are no unique safety concerns with the KP201 component of this product 
given that the excipients (including benzoic acid coupled to hydrocodone to make the 
prodrug) used in the benzhydrocodone/APAP drug combination do not exceed that 
used in FDA-approved products and the toxicity profiles for KP201 overlap with that of 
hydrocodone bitartrate.     

1.3 Recommendations

1.3.1 Approvability
From a nonclinical pharmacology toxicology perspective, NDA 208653 may be 
approved with the recommended product labeling and the post-marketing requirement 
to conduct a juvenile animal study.  

1.3.2 Additional Non Clinical Recommendations
As per the agreed Pediatric Study Plan (PSP), the Applicant will conduct a juvenile 
animal study to assess the impact of benzhydrocodone to support pediatric studies in 
neonates and infants aged 0 to < 2 years.  This study will be as a post marketing 
requirement.  Final agreement on the study protocol will be obtained from the Agency 
prior to study initiation.

1.3.3 Labeling
The table below contains the draft labeling submitted by the Applicant, the changes 
proposed by the reviewer and the rationale for the proposed changes.  For the final 
version of the label, please refer to the Action Letter.  Note: The recommended changes 
from the proposed labeling are in red (additions) or strikeout font.

The labeling recommendations below have not been discussed with the entire review 
team or the Applicant.  The reader is referred to the drug product labeling in the action 
letter for final labeling information.
Table 1.  Labeling Recommendations 

Sponsor’s Proposed Labeling Recommended Labeling Rationale/Comment
---INDICATIONS AND USAGE--- ---INDICATIONS AND USAGE---

The established 
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Sponsor’s Proposed Labeling Recommended Labeling Rationale/Comment
cumulative toxicity with chronic 
administration of acetaminophen 
near the upper limit of daily dosing.  

Published studies in rodents report 
that oral acetaminophen treatment of 
male animals at doses that are 1.2 
times the MHDD and greater (based 
on a body surface comparison) result 
in decreased testicular weights, 
reduced spermatogenesis, reduced 
fertility, and reduced implantation 
sites in females given the same 
doses.  These effects appear to 
increase with the duration of 
treatment.  The clinical significance 
of these findings is not known.

2 Drug Information
2.1 Drug
The drug combination product contains two drug substances, which are both discussed 
below in Table 2. 

Table 2.  Information for Drug Substances

Drug KP201

Pharmacological
Class

Opioid agonist 
Although benzhydrocodone does 

not have an established 
pharmacological class (EPC), 

prodrugs are listed according to the 
active moiety, in this case, 

hydrocodone.  Hence the EPC is 
opioid agonist.

Structure

CAS Registry# 1379679-42-1 (hydrochloride salt)
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NDA#
Product
Name Indication Route Sponsor

Approval 
Year

and tramadol HCl, 37.5 mg) management of 
acute pain

20716
Vicoprofen

(hydrocodone bitartrate, 7.5 
mg; and ibuprofen, 200 mg)

Short-term 
(generally less 
than 10 days) 

management of 
acute pain

Abbvie 1997
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Table 5.  Relevant DMFs
DMF # Subject Holder Status Status Date Notes

Active Oct
2003

The DMF has 
been deemed 
acceptable as 
per the CMC 
review teams 

and is 
referenced by 

numerous 
FDA-approved 
generic drug 

products

Active Nov
2015

This is a new 
DMF that has 
not previously 
been reviewed 
for any other 
drug product 
application.  

The DMF has 
been deemed 
adequate per 
discussions 

with Dr. 
Benjamin 

Stevens (DMF 
reviewer)

2.3 Drug Formulation
Benzhydrocodone is formulated as a tablet that contains benzhydrocodone 
hydrochloride (6.67 mg) and acetaminophen (325 mg) per tablet.  
  

2.4 Comments on Novel Excipients
See the table below for the excipient included in the KP201 product.  There are no novel 
excipients. 
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Table 6.  Excipients Employed in the Drug Product

Excipient Function
Amount

Per
Tablet 
(mg)

Maximum
Daily

Amount
(mg)

Acceptable
(Yes/No)

Benzhydrocodone
Hydrochloride 6.67 80

Acetaminophen
API

325 3900
Microcrystalline

Cellulose

Pregelatinized 
Starch

Crospovidone
Povidone K30
Stearic Acid

Yes

2.5 Comments on Impurities/Degradants of Concern
Drug Substance Specifications

Benzhydrocodone drug substance contains impurities
 which is a structural alert for mutagenicity.  These impurities 

must either be limited to thresholds consistent with ICH M7 or adequately qualified for 
safety.
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Collectively, the proposed benzyhydrocodone drug substance specifications are 
acceptable.

Acetaminophen Drug Substance

The drug substance is manufactured  as described in DMF   This 
DMF has been referenced by multiple FDA-approved generic drug products containing 
comparable levels of acetaminophen.  
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The  acetaminophen drug substance is acceptable for use in this drug 
product.
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Table 9.  Residual Solvents Used In Drug Substance
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Table 10.  Heavy Metals in Drug Substance
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2.6 Proposed Clinical Population and Dosing Regimen
KP201 was developed as an oral treatment for short-term management of pain.  The 
maximum daily dose of the hydrochloride salt is 80 mg/60 kg (1.33 mg/kg) based on the 
use of up to 3900 mg of APAP (325 mg per tablet, 12 tablets).    

2.7 Regulatory Background
The Agency met with the Applicant on numerous occasions to discuss the development 
program, beginning with a preIND meeting in June of 2010.  Initially, the Agency 
recommended a full development program since KP201 was considered to be a new 
molecule and there was evidence of circulating KP201 in the plasma of nonclinical 
species.  However, as the program developed, no KP201 was detected in the plasma of 
human subjects even at the maximum daily dose.  Since the drug product appeared to 
only generate levels of hydrocodone comparable to the referenced drug product, and 
the duration of treatment was comparable to the referenced drug product labeling (acute 
use only), the Division concluded that reproductive and developmental toxicology 
studies could not be required for this 505(b)(2) program, as per OND policy.    

The Applicant submitted this 505(b)(2) application that relies upon the Agency previous 
finding of safety for Vicoprofen (hydrocodone) and Ultracet (acetaminophen) as well as 
published literature.
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3 Studies Submitted

3.1 Studies Reviewed 
  
Table 12.  List of Studies Reviewed to Support the NDA Application (GLP, unless 
otherwise indicated)

**non-GLP study
+Rats administered benzoic acid-d5 and KP201-d5

Study Type Description Study #
Receptor binding general side effect profile** KP201-VRB-002

IC50 assays** KP201-VRB-007
Receptor binding** KP201-VRB-006

Pharmacology

Agonist/antagonist activity** KP201-VRB-008

Single-dose study in rats (oral)** KP201-ROPK-
001

Single-dose study in rats (oral)** KP201-ROPK-
003

Single-dose study in dogs (oral)** KP201-DOPK-
009

Single-dose study in rats (oral)**, + KP201-ROPK-
017

Cytochrome Inhibition Screen** KP201-VCYP-
026

Pharmacokinetics

CYP2C18 IC50
** KP201-VCYP-

027

Acute oral toxicity study in rats** KP201-RAT-011
14-Day repeat-dose toxicology study in rats (14-Day recovery; 

oral) KP201-R14T-013

14-Day repeat-dose toxicology study in dogs (14-Day 
recovery; oral) KP201-D14T-014

28-Day repeat-dose toxicology study in dogs (14-Day 
recovery; oral) KP201-D28T-021

General 
Toxicology

28-Day repeat-dose toxicology study in rats (14-Day recovery; 
oral)

KP201-R28OT-
022

Ames test KP201-VBRM-
015

Chromosome aberration assay KP201-VCAA-
016

Comet assay in rat liver cells/rat bone marrow micronucleus 
assay

KP201-RCOM-
022

Genetic 
Toxicology

Comet assay in rat liver, glandular stomach, duodenum, and 
jejunum

KP201-R28OT-
022
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3.2 Studies Not Formally Reviewed 
Table 13.  List of Studies from SDN-3 That Were Not Reviewed

Study Type Description Study # Notes
Single-dose 

pharmacokinetics study in 
rat (intravenous) **

KP201-RIVPK-
005

Product proposed for marketing 
approval not used intravenously 

Single-dose 
pharmacokinetics study in 

rat (intranasal) **

KP201-RINPK-
004

Product proposed for marketing 
approval not used intravenously

Single-dose study in rats 
(oral; dose ranging) **

KP201-ROPK-
010 Non-GLP study in male rats

Sprague-Dawley rat 
(single dose kinetics) ** KP-RPK02.001

Non-GLP study not deemed 
pivotal in the support of the safety 

assessment of KP201
Benzoic acid and hippuric 
acid excretion in urine of 

dogs**

KP-
RDEX02.004

Assessment of stability of 
KP201 in Caco-2 and 

MDCK cells**

KP201-VSTA-
023

Stability in simulated 
gastric fluid, human liver, 

and intestinal S9**

KP201-VSTA-
024

Non-GLP study
in which the in vitro findings not 

deemed pivotal in the safety 
assessment of KP201 given the in 
vivo data available in humans and 

animals

Fasted male beagle dog: 
single dose 

pharmacokinetics**
KP-DPK02.002

Non-GLP study not deemed 
pivotal in the support of the safety 

assessment of KP201

Pharmacokinetics

Pharmacokinetic Study of 
KP201 and Hydrocodone 

Bitartrate in Dogs**
0832DK19.001 No data for hydrocodone and 

hydromorphone

General 
Toxicology

Acute oral dose finding 
study in dogs**

KP201-DMTD-
012

Non-GLP study not deemed 
pivotal in the support of the safety 

assessment of KP201
**non-GLP study

4 Pharmacology

4.1 Primary Pharmacology
Based on in vitro receptor binding findings, the Applicant has reported that the test 
article KP201 does not have any significant affinity at delta 1-, delta 2-, kappa 1-, or mu-
opioid receptors, nociceptin 1 receptor (Study KP201-VRB-006) . This study showed 
some binding to mu and delta-1 receptors at high concentrations only (10-5M), as 
depicted in the figure below:  
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Table 14.  Inhibition of Opioid Receptor ligands by KP201 

Functional studies were then conducted to characterize the activity of KP201 the mu 
and delta-one receptors.  The results suggest that KP201 has activity at these receptors 
only in the micromolar range, suggesting that the intact prodrug has no expected activity 
at clinically relevant exposures.

Table 15.  Functional Activity of KP201 at Delta-1 and Mu Opioid Receptors
Receptor IC50 (M)
Delta-1 1.92 x 10-6 (1.96 mcM)
Mu 4.86 x 10-7 (0.486 mcM)

4.2 Secondary Pharmacology
Study  KP201-VRB-002 evaluated the ability of KP201 to inhibit binding or enzyme 
activity at 10-5M (using 63 receptors and enzymes).  Note that compounds showing 
inhibition at -20% to +20% (baseline range) are considered inactive; at 20-49% are 
considered to exhibit marginal activity; and at ≥ 50% are considered active.  See the 
table below for findings from Study KP201-VRB-002.  Based on these findings, at 1 x 
10-5M concentrations, there was some evidence of activity at the dopamine transporter, 
muscarinic receptors, opioid receptors, and sodium channel (Site 2), as depicted in the 
table below.  Given the mcM concentrations necessary to show activity, the clinical 
significance of these findings is nil.

Table 16.  Summary of Main Secondary Pharmacological Activity of KP201
Test System Binding

% Inhibition (1 x 10-5M)
Activity
IC50 (nM)

Opioid Receptors, Non-selective 93.11 486
Dopamine transporter 80.65 3390
Muscarinic Receptors 74.75 2390
Sodium Channel (Site 2) 96.49 1030

The results of the full secondary pharmacological screen are depicted below:
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Figure 1.  In Vitro Studies Evaluating KP201 Inhibition of Binding or Enzyme 
Activity at 10-5M

Figure 2.  IC50 and Ki Values for KP201 and the Reference Drug Vanoxerine at the 
Dopamine Transporter, Central and Peripheral Muscarinic (Non-Selective) 
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Receptor, Delta 1- and Mu-Opioid Receptors, and Sodium Channel Receptor (Site 
2)
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Figure 3.   KP201: Agonist and Antagonist Activity at the Mu-Opioid Receptor
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4.3 Safety Pharmacology
There were no dedicated safety pharmacology studies conducted in animals to evaluate 
KP201.  Note that electrocardiograms were obtained in dogs in the 14-day repeat-dose 
toxicology study.  See the Electrocardiogram (ECG) section below for further study 
details.     

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Absorption
Pharmacokinetic studies in rats (KP201-ROPK-001 and -003) and dogs (KP201-DOPK-
009) administered oral KP201 were conducted (non-GLP).  See findings for these 
studies in the figures below.  Overall, these findings demonstrated that intact prodrug 
was detected following the administration of KP201 and that there were species 
differences in regard to the levels of hydrocodone and hydromorphone measured 
following treatment with the test article and hydrocodone bitartrate.  These findings are 
important and must be carefully considered when evaluating the effects of KP201 and 
hydrocodone bitartrate in the animal species tested.  Note that in the species mentioned 
intact KP201 was measured in blood samples and that the peak concentration (Cmax) 
and overall systemic exposure levels (AUC0-4h) for hydromorphone and hydrocodone 
were comparable following the oral administration of the test article and hydrocodone 
bitartrate.             

In rats, studies were conducted to evaluate the pharmacokinetics of oral KP201 (2.94) 
and hydrocodone bitartrate (3.30 mg/kg) in two separate groups.  Findings from the 
plasma samples evaluated demonstrated that hydrocodone and hydromorphone were 
measured in rats from both groups and intact prodrug was measured in the KP201 
group.  Intact prodrug levels peaked at 0.25 hours and with a mean of 7.9 ng/mL (or 
19.6 pmol/mL).  Overall systemic exposure levels of the intact prodrug were measured 
at 2.3 h∙ng/mL (or 5.7 h∙pmol/mL) in the KP201 group.  Across groups, the hydrocodone 
levels measured in rats peaked at 0.5-1.0 hours following the administration of either 
KP201 or hydrocodone bitartrate.  Peak levels of hydrocodone in rats ranged from 18.2-
17.1 ng/mL (or 57.1-60.8 pmol/mL).  Overall systemic levels of hydrocodone in rats 
ranged from 32.7-36.4 h∙ng/mL (or 109.2 – 121.6 h∙pmol/mL).  Note that these values 
were lower when compared to the mean values for hydromorphone in rats from these 
groups.  For example, the hydromorphone levels measured in rats peaked at 0.25 hours 
following the administration of either KP201 or hydrocodone bitartrate doses mentioned 
above.  Peak levels of hydromorphone in rats ranged from 44.1-47.9 ng/mL (or 154.6-
167.9 pmol/mL).  Overall systemic levels of hydromorphone in rats ranged from 71.7-
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90.2 h∙ng/mL (or 251.3-316.1 h∙pmol/mL).  These findings demonstrated that the peak 
and overall systemic exposure levels of hydromorphone in treated rats was greater than 
hydrocodone at the doses of KP201 and hydrocodone bitartrate tested; and that intact 
prodrug was detectable following oral administration to the rat.  

In dogs, studies were conducted to evaluate the pharmacokinetics of the same doses of 
oral KP201 (2.94 mg/kg) and hydrocodone bitartrate (3.30 mg/kg) evaluated in rats.  
Similar to rats, findings from the plasma samples evaluated demonstrated that 
hydrocodone and hydromorphone were measured in dogs from both groups and intact 
prodrug was measured in the KP201 group.  The mean intact prodrug level peaked at 1 
hour and was measured at 8.7 ng/mL (or 21.6 pmol/mL).  Overall systemic exposure 
levels of the intact prodrug were measured at 12.6 h∙ng/mL (or 31.2 h∙pmol/mL) in the 
KP201 group.  Across groups, the hydrocodone levels measured in dogs peaked at 
0.25-0.5 hours following the administration of either KP201 or hydrocodone bitartrate.  
Peak levels of hydrocodone in dogs ranged from 66.2-72.2 ng/mL (or 221.1-241.2 
pmol/mL).  Overall systemic levels of hydrocodone in dogs ranged from 131.1-183.3 
h∙ng/mL (or 437.9-612.3 h∙pmol/mL).  Note that hydrocodone values were higher when 
compared to the mean values for hydromorphone in dogs from these groups.  For 
example, the hydromorphone levels measured in dogs peaked at 0.5-1.0 hours 
following the administration of either KP201 or hydrocodone bitartrate doses mentioned 
above.  Peak levels of hydromorphone in dogs ranged from 9.9-10.8 ng/mL (or 34.7-
37.8 pmol/mL).  Overall systemic levels of hydromorphone in dogs ranged from 62.4-
64.0 h∙ng/mL (or 218.7-224.3 h∙pmol/mL).  These findings demonstrated that the peak 
and overall systemic exposure levels of hydromorphone in treated rats was lower than 
hydrocodone at the doses of KP201 and hydrocodone bitartrate tested, unlike in rats; 
and that intact prodrug was detectable following its administration. 

Overall, these findings demonstrated that intact prodrug was detected following the 
administration of KP201 and that there were species differences in regard to the levels 
of hydrocodone and hydromorphone measured following treatment of the test article 
and hydrocodone.  These findings are important and must be carefully considered when 
evaluating the effects of the test article and hydrocodone bitartrate in the animal species 
tested.  Given the poor solubility of KP201, the findings from studies evaluating 
intravenously-administered test article were limited and prevented the determination of 
absolute oral bioavailability of intact prodrug.  
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Figure 4.  Pharmacokinetic Summary for Findings in Rats Administered an Oral 
Dose of KP201 (2.94 mg/kg) or Hydrocodone Bitartrate (3.3 mg/kg)
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Figure 5.  Pharmacokinetic Summary for Findings in Dogs Administered an Oral 
Dose of KP201 (2.9 mg/kg) or Hydrocodone Bitartrate (3.3 mg/kg)

Distribution

Drug distribution studies were not conducted by the Applicant.  

Metabolism  

In Vitro

The potential inhibition of the human cytochromes (CYP19, CYP1A1, CYP1A2, 
CYP1B1, CYP2A6, CYP2B6, CYP2C18, CYP2C19, CYP2C8, CYP2C9-1, CYP2C6, 
CYP2E1, CYP2J2, CYP3A4, CYP3A5, CYP4F12) was evaluated by incubating each 
enzyme with KP201 (KP201-VCYP-026).  Significant inhibition (i.e., 57%) was only 
reported with CYP2C18.  In a separate study, the IC50 for KP201 incubated with 
CYP2C18 was determined at 3.00E-6 M (KP201-VCYP-027).    

In Vivo

The Applicant conducted a single-dose study (KP201-ROPK-017; non-GLP) in male 
rats (n=8/group) to evaluate the pharmacokinetic profile of the analytes benzoic acid-d5  
(BA-d5) and hippuric acid-d5 (HA-d5) alone and in comparison to their endogenous levels 
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in plasma samples after oral administration of either KP201-d5 (2.97, 25.29, or 50.57 
mg/kg) or  BA-d5 (0.85, 7.23, or 14.45 mg/kg).  As part of the study design, the 
pharmacokinetic profile of the analytes was evaluated at the low dose of the test article 
and comparator control (i.e., BA-d5) in fasted and not fasted animals.  Rats were fasted 
24 hours prior to dosing.  Note that the low dose employed was comparable to that 
evaluated previously in rats from oral (reviewed above) and intravenous 
pharmacokinetic studies conducted by the Applicant.  The other doses employed were 
the molar equivalent of the mid and low dose of KP201 administered in rats during the 
14-day repeat-dose toxicity study reviewed below (i.e., KP201-R14T-013).  These 
doses were administered via a gavage prior to animals being placed into anesthesia 
chambers.  Animals were sedated by exposing them to oxygen and isoflurane.  Once 
sedated, blood samples were collected via retro-orbital bleeding.  Plasma 
concentrations of BA, BA-d5, HA, and HA-d5 were measured in samples collected 0.25, 
0.5, 1, 2, 3, and 4 hours after treatment.  Following the collection of blood, the animals 
were allowed to awaken and this process was repeated until the study was completed.  
The study results are discussed below.                

BA-d5 levels peaked 0.25-1 hour following treatment in the groups mentioned.  The 
feeding state of the animal in the groups treated with the molar equivalent of 2 mg/kg 
hydrocodone (KP201 group, 2.97 mg/kg; BA-d5 group, 0.85 mg/kg) did not appear to 
alter the mean values for the pharmacokinetic endpoints evaluated.  Across the doses 
tested in the KP201 and BA-d5 treated animals, the peak and overall systemic exposure 
levels of the BA-d5 analyte increased in a dose-related manner.  As noted in the table 
below, the peak and overall systemic levels of the analyte in the BA-d5 treated groups 
were ≥ 2-fold higher than those in the KP201 treated groups.  Separately, the mean 
concentrations of endogenous BA measured across the dose groups appeared to be 
comparable.  Note that the mean concentrations of endogenous BA in animals from the 
low dose groups treated with either KP201-d5 or BA-d5 did appear to be slightly lower in 
fasted animals when compared to not fasted animals; however, the Reviewer concluded 
that this finding was not clinically significant.  Findings on the endogenous levels of BA 
must be carefully interpreted given the absence of control data (i.e., animals 
administered a solution that is not biologically active); and the lack of data in the mid-
dose KP201 group.                    

HA-d5 levels peaked 0.25-2 hour following treatment in the groups mentioned.  The 
feeding state of the animals treated with the molar equivalent of 2 mg/kg hydrocodone 
did appear to impact the mean values for the pharmacokinetic endpoints evaluated in 
the BA-d5 groups; unlike the KP201-treated groups.  For example, mean Cmax and 
AUC0-4h values in the BA-d5 groups, respectively, ranged from 724.4 and 1436.3 ng/mL 
and 502.0 to 924.3 h∙ng/mL; values that were almost 2-fold higher in fasted animals 
when compared to not fasted animals.  Mean Cmax and AUC0-4h values in the KP201 
groups, respectively, ranged from 123.9 to 132.3 ng/mL and 108.0 to 130.6 h∙ng/mL; 
values that were comparable across the fasted and nonfasted groups.  Across the 
doses tested in the KP201- d5 and BA-d5 treated animals, the peak and overall systemic 
exposure levels of the HA-d5 analyte increased in a dose-related manner.  As noted in 
the table below, the peak and overall systemic levels of the analyte in the BA-d5 groups 
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were ≥ 4-fold higher than those in the KP201 groups, except in animals treated with 
doses that were the molar equivalent to 50 mg/kg hydrocodone.  In these rats, the 
overall systemic levels of the analyte in BA-d5 group were 1.3-fold higher than that in 
the KP201- d5 group.  Separately, endogenous BA levels appeared to vary across the 
groups tested.  For example, the mean concentration of BA in KP201-d5-treated rats 
was comparable to that in BA-d5-treated animals that were either fasted or not fasted.  
However, the mean concentration of BA in not fasted animals was > 2-fold higher than 
that in fasted animals that were treated with either KP201-d5 or BA-d5.  In the mid-dose 
group treated with BA-d5 (not fasted), the mean concentration of endogenous BA was 
approximately 4-fold higher than that measured in the low dose group.  Note that 
findings on the endogenous levels of BA must be carefully interpreted given the 
absence of control data (i.e., animals administered a solution that is not biologically 
active); and the lack of data for the mid-and high-dose KP201-d5 group and high-dose 
BA-d5 group.                    
      
Together, these data in rats provided some insight into the levels of radiolabeled BA 
and HA detected following the metabolism of several doses of KP201-d5 and BA-d5, as 
well as the levels of their endogenous forms measured.  Based on these data, the peak 
and overall systemic exposure levels of both labeled analytes increased in a dose-
related manner in BA-d5- and KP201-d5-treated animals; and the mean values reported 
were generally greater in the former when compared to the latter.  Note that feeding 
state only appeared to impact values for HA-d5 measured in the BA-d5-treated animals 
from the low dose group.  In regard to endogenous levels of the analytes measured, the 
findings reported suggest that BA levels were comparable across dose groups, but that 
HA levels varied.  Although these findings were useful, their utility was limited since a 
direct comparison of the endogenous and radiolabeled analytes could not be made; 
given that the mean and peak concentrations, respectively, of the former and latter were 
reported.  Overall, these data in rats provided exposure levels to endogenous and 
radiolabeled HA and BA following the administration of KP201-d5 and BA-d5 doses that 
have been evaluated previously in studies such as the 14-day repeat dose study in rats 
(reviewed below); highlighted the function of feeding state on the analytes detected; and 
demonstrated that exposure to the radiolabeled analytes increased in a dose-related 
manner.

Table 17.  Pharmacokinetic Data for the Benzoic Acid (BA)-d5 Analyte in Rats 
under Various Conditions.  

Tmax (hours)
Cmax (ng/mL)
AUC0-4 (h∙ng/mL)

Cavg (ng/mL)

31.3 131.4
0.25 0.25 1 0.25 0.25 0.25
29.8 175.1 181.4 3110.6

Molar Equiv to  
25.00 mg/kg Hydrocodone

Endpoint KP201 (50.57) BA-d5 (14.45)KP201 (25.29) BA-d5 (7.23)KP201 (2.97) BA-d5 (0.85)

0.25 0.25

Molar Equiv to  
2.00 mg/kg Hydrocodone

BA-d5 (0.85)

Not fasted
Treatment (mg/kg) Treatment (mg/kg)

Fasted

KP201 (2.97)

3442.3 7056.7

Molar Equiv to  
50.00 mg/kg Hydrocodone

3878.4 16484.6

227.9 225.8165.5 163.9 ND 171.8

33.3 135.6 40.4 142.5 496.4 2129.9

201.7 214.1

Treatment (mg/kg) Treatment (mg/kg)
Not Fasted

Endogenous BA levels detected

 Note that the levels of endogenous BA were detected at all time points, except in the high dose 
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groups.  In these groups the mean concentration reported was measured over the first two time 
points only.

Table 18.  Pharmacokinetic Data for the Hippuric Acid (HA)-d5 Analyte in Rats 
under Various Conditions.  

Tmax (hours)
Cmax (ng/mL)
AUC0-4 (h∙ng/mL)

Cavg (ng/mL) ND607.5 ND 325.8 ND1149.2 1359.9 429.4

Endpoint

Molar Equiv to  Molar Equiv to  Molar Equiv to  
2.00 mg/kg Hydrocodone 25.00 mg/kg Hydrocodone 50.00 mg/kg Hydrocodone

Not fasted Fasted

KP201 (25.29) BA-d5 (7.23) KP201 (50.57) BA-d5 (14.45)KP201 (2.97) BA-d5 (0.85) KP201 (2.97) BA-d5 (0.85)

0 25 0.25 0.25 0.25 2 0.25 1 0.25
123.9 727.4 132.3 1436.3 767 11767.9 4372.4 27341.5
108 502 130.6 924.3 2062.4 9013 13282.2 17324.4

Endogenous HA levels detected

Treatment (mg/kg) Treatment (mg/kg) Treatment (mg/kg) Treatment (mg/kg)
Not Fasted

Note that the levels of endogenous BA were detected at all time points, except in the high dose 
groups.  In these groups the mean concentration reported was measured over the first two time 
points only.
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Key Study Findings
Dogs were treated for 14 days with 0, 2.5, 5, or 10 mg/kg KP201 or 11 mg/kg 
hydrocodone bitartrate with the following key findings:

1) KP201 administration resulted in observations of decreased food 
consumption and excessive salivation at all doses and decreased activity (5 
and 10 mg/kg).  The decreased activity is deemed adverse; however, this 
effect may be monitored in clinical settings.

2) The comparator drug hydrocodone bitartrate (11 mg/kg) produced effects 
similar to that of KP201.  

3) Peak and overall systemic exposure to intact KP201 and its metabolites 
increased in a dose-related manner across sexes; but the later was higher in 
males compared to females.

4) There were no clear treatment-related changes in clinical chemistry, 
hematology, urinalysis, or gross pathology.  

5) There was a finding of myeloid hyperplasia in the bone marrow of the 
sternum, crypt ectasia in the duodenum, acute inflammation of the cornea, 
retinal rosette, and glomerular lipidosis in the kidney (slight to mild) in one 
high-dose female, which was not evident in the recovery animals or the 
hydrocodone control animals.

6) There was an increased incidence of cytoplasmic vacuoles in the kidney of 
males from the high-dose KP201 group and hydrocodone bitartrate group; 
however, the incidence appeared to be less than that observed in females 
across the KP201 treatment groups, which were exposed to lower overall 
systemic levels of hydrocodone (via KP201) compared to males.  

7) A LOAEL was established in dogs at 10 mg/kg based on the observation of 
decreased activity, an effect that can be monitored in clinical settings (human 
equivalent dose of 333 mg per 60 kg person based on body surface area).
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Observations and Results

Mortality
Animals were generally observed twice daily (a.m. and p.m.) on Days 1-28 to verify that 
they were alive.  There were no mortalities observed in dogs prior to the scheduled 
necropsy.

Clinical Signs
The Applicant monitored animals for clinical signs at least once prior to each pre- and 
post-treatment; and as needed on Days 1-14.  Note that animals were monitored one to 
two hours post treatment.  Also, animals were observed at least once daily during the 
recovery phase and prior to terminal sacrifice on either Day 1 or Day 29.  The clinical 
signs observed in treated animals are discussed below.
     
Test article related clinical signs were observed in dogs from the 11 mg/kg hydrocodone 
bitartrate group, and 2.5, 5 and 10 mg/kg KP201 groups (see Tables below).  These 
signs included excessive salivation and decreased activity in treated animals.  In 
KP201-treated animals, the incidence of these effects increased in a dose-related 
manner.  Excessive salivation was observed prior to and after dosing in the dose groups 
mentioned and persisted for up to Day 15 in some animals.  The Reviewer deemed the 
excessive salivation as test article-related on Days 1 and 2 only, given the finding that 
the incidence in which this sign was observed pretreatment was generally higher than 
that observed post-treatment on subsequent days.  Although the Applicant does not 
provide an explanation for this finding, the Reviewer concluded that the excessive 
salivation observed pre-treatment may be a conditioned response.  If this is the case, 
findings on the observation of this sign post-treatment must be carefully interpreted, as 
factors other than the dose administered may be at least partly responsible for 
producing this sign.  In regard to decreased activity, this sign was observed up to Day 8 
in the 11 mg/kg hydrocodone bitartrate group and the 5 and 10 mg/kg KP201 group.  
The Applicant also noted that occasional food particle emesis and loose/soft feces were 
test article-related effects; however, given that there was no clear dose-relationship 
established in treated animals, the Reviewer deemed these signs as incidental.  Note 
that the clinical signs mentioned were also observed in the hydrocodone bitartrate (84 
mg/kg) group.  Overall, the Reviewer did not deem any of the clinical signs observed as 
adverse.                  
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Table 20.  The Incidence of Excessive Salivation Pre- and Post-Treatment in Dogs

Control
Hydrocodone

bitartrate
0 mg/kg 11 mg/kg

Pre Post Pre Post
Clinical Sign Observed Day M F M F M F M F

1 0/5 0/5 0/5 0/5 0/5 0/5 4/5 3/5
2 0/5 0/5 0/5 0/5 0/5 0/5 1/5 0/5
3 0/5 0/5 0/5 0/5 3/5 0/5 3/5 1/5
4 0/5 0/5 0/5 0/5 1/5 2/5 1/5 0/5
5 0/5 0/5 0/5 0/5 4/5 4/5 0/5 0/5
6 0/5 0/5 0/5 0/5 5/5 1/5 0/5 1/5
7 0/5 0/5 0/5 0/5 4/5 4/5 2/5 2/5
8 0/5 0/5 0/5 0/5 4/5 4/5 3/5 3/5
9 0/5 0/5 0/5 0/5 5/5 5/5 2/5 2/5

10 0/5 0/5 0/5 0/5 5/5 5/5 1/5 1/5
11 0/5 0/5 0/5 0/5 5/5 5/5 0/5 0/5
12 0/5 0/5 0/5 0/5 5/5 5/5 3/5 3/5
13 0/5 0/5 0/5 0/5 5/5 5/5 2/5 2/5
14 0/5 0/5 0/5 0/5 5/5 5/5 3/5 3/5
15 0/5 0/5 4/5 4/5

Excessive Salivation

16 0/5 0/5 0/5 0/5
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KP201
2.5 mg/kg 5 mg/kg 10 mg/kg

Pre Post Pre Post Pre PostClinical Sign 
Observed Day M F M F M F M F M F M F

1 0/3 0/3 0/3 2/3 0/3 0/3 1/3 2/3 0/5 0/5 4/5 4/5
2 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/3 0/5 0/5 0/5 1/5
3 1/3 0/3 1/3 0/3 2/3 0/3 2/3 0/3 2/5 0/5 2/5 2/5
4 1/3 2/3 0/3 0/3 1/3 1/3 0/3 0/3 2/5 2/5 0/5 0/5
5 1/3 2/3 0/3 0/3 2/3 1/3 0/3 0/3 1/5 3/5 0/5 0/5
6 1/3 2/3 0/3 2/3 1/3 2/3 0/3 1/3 2/5 2/5 0/5 2/5
7 0/3 0/3 0/3 0/3 3/3 3/3 1/3 1/3 3/5 3/5 1/5 1/5
8 0/3 0/3 0/3 0/3 2/3 2/3 0/3 0/3 2/5 2/5 2/5 2/5
9 0/3 0/3 1/3 1/3 1/3 1/3 1/3 1/3 1/5 1/5 0/5 0/5

10 0/3 0/3 0/3 0/3 3/3 3/3 1/3 1/3 2/5 2/5 1/5 1/5
11 0/3 0/3 0/3 0/3 2/3 2/3 0/3 0/3 4/5 4/5 0/5 0/5
12 0/3 0/3 0/3 0/3 3/3 3/3 0/3 0/3 4/5 4/5 1/5 1/5
13 0/3 0/3 0/3 0/3 3/3 3/3 2/3 2/3 5/5 5/5 2/5 2/5
14 2/3 2/3 0/3 0/3 3/3 3/3 0/3 0/3 5/5 5/5 3/5 3/5
15 3/5 3/5

Excessive 
Salivation

16 0/5 0/5
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Body Weights
Body weights were recorded in all animals during the main study phase at 
randomization/selection, prior to treatment on Days 1 and 8 and following the final 
treatment on Day 14.  In addition, body weights were measured in animals during the 
recovery phase on Days 15, 22, and 28.  Note that a fasted body weight was recorded 
prior to sacrifice on Day 15 or 29.  Based on the mean values reported, there were no 
toxicologically significant alterations in the body weights of treated dogs on the days 
mentioned.  

Food Consumption
Food consumption in treated dogs was recorded daily.  Despite the lack of 
toxicologically significant alterations in the mean body weights of treated dogs on the 
days measured, KP201 produced substantial reductions in food consumption at all 
doses tested.  These reductions were dose-related and appeared to persist over a 
longer period of time in males compared to females.  For example, food consumption in 
males from the 5 and 10 mg/kg group was reduced to < 75% of control during Days 1-
13; and from the 2.5 mg/kg group was < 75% of control on Days 1-4, 5-6, and 9-10.  In 
females from the 2.5 and 5 mg/kg group on Days 1-3 and the 10 mg/kg group on Days 
1-8, food consumption was reduced < 75% of control.  Food consumption was not 
significantly altered in animals during the recovery period.  Note that decreased food 
consumption in treated dogs was observed at doses of KP201 in which the overall 
systemic exposure to hydrocodone was greater in females compared to males.  
Although substantial, the decreased consumption of food in treated dogs was not 
deemed toxicologically significant by the Reviewer, given that the mean body weight of 
these animals were not altered in a toxicologically significant manner.    
Table 22.  Food Consumption in Treated Dogs is Expressed as a Percentage of 
Control

Hydrocodone 
Bitartrate

KP201

11 mg/kg 2.5 mg/kg 5 mg/kg 10 mg/kg
Day M F M F M F M F
1-2 40.7% 34.3% 74.2% 62.2% 27.6% 45.5% 12.9% 38.1%
2-3 39.6% 44.4% 53.7% 56.4% 34.5% 64.3% 21.3% 43.6%
3-4 50.4% 63.8% 41.3% 111.9% 44.8% 87.6% 27.7% 57.3%
4-5 53.0% 45.7% 80.7% 106.8% 48.6% 93.8% 38.9% 31.5%
5-6 46.7% 61.0% 65.7% 103.8% 51.8% 107.1% 31.1% 50.0%
6-7 68.0% 67.1% 84.8% 100.9% 71.1% 91.2% 49.8% 50.9%
7-8 74.6% 69.1% 75.7% 104.4% 47.6% 104.0% 49.7% 62.9%
8-9 92.0% 75.8% 88.0% 106.2% 71.2% 134.6% 66.4% 78.2%

9-10 89.7% 101.7% 65.0% 99.1% 62.2% 119.2% 57.3% 95.3%
10-11 111.1% 136.3% 94.6% 157.7% 67.5% 146.4% 76.4% 125.6%
11-12 90.8% 124.0% 82.4% 170.0% 69.2% 206.0% 63.4% 131.3%
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Table 23.  Information Related to Clinical Pathology Endpoints Evaluated in 
Treated Dogs 

Hematology
Red blood cell count and 

morphology
Platelet count

White blood cell count* Hematocrit
Mean corpuscular 

hemoglobin
Hemoglobin

Mean corpuscular 
hemoglobin concentration

Reticulocyte count

Mean corpuscular volume
*Total and differential white blood cell counts, including neutrophils, basophils, eosinophils, monocytes, 
lymphocytes, and large unstained cells

Coagulation
Activated partial thromboplastin time 

Prothrombin time

Clinical chemistry
Alanine aminotransferase Cholesterol

Albumin Creatinine
Albumin/globulin ratio Globulin
Alkaline phosphatase Glucose

Aspartate aminotransferase Phosphorus
Calcium Potassium
Chloride Sodium

Hematology
There were no test article related alterations in the hematology endpoints evaluated.  
Note that there were no test article related effects on erythrocyte morphology in treated 
animals. 

Coagulation
There were no test article related alterations in the coagulation endpoints evaluated.  
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Clinical Chemistry
There were no test article related alterations in the clinical chemistry endpoints 
evaluated.  

Urinalysis
Urine samples (5-10 mL) were collected from all animals prior to the initiation of 
treatment and the scheduled necropsy (Day 15 or 29).  Samples were collected via 
metabolic pans over a four to six hour period.  In the draft report located in Volume 11 of 
SDN-3, the Applicant wrote that samples may be analyzed for benzoic and hippuric acid 
at a later date.  However, after careful review of Volume 3 of SDN-3, the Reviewer 
noted that the Applicant actually reported the levels of hippuric acid (i.e., a metabolite of 
benzoic acid) measured in treated dogs.  See the figure below for hippuric acid levels 
measured in urine collected from treated dogs (note that the excerpt was obtained from 
SDN-3, Volume 3, page 113).  These findings demonstrated that hippuric acid levels 
measured in KP201-treated and hydrocodone bitartrate-treated dogs prior to treatment 
were generally comparable to or higher than levels on treatment Days 15 and 29.  The 
exception was the hippuric acid levels measured in hydrocodone bitartrate-treated 
females on Day 29, which were actually double the values measured prior to treatment 
and at Day 15.  The Applicant reported that there was no statistical difference found 
between female groups and any other group.        
   
Figure 6.  Hippuric Acid Levels Measured in Dog Urine Samples

Terminal Procedures and Anatomic Pathology (Groups 1-5)

Surviving animals were euthanized by intravenous barbiturate overdose on either study 
Day 15 (Main Study groups) or Day 29 (Recovery groups).  The remains of animals 
were prepared and examined for macroscopic and microscopic findings using standard 
methods.  The macroscopic examination of the remains of euthanized animals involved 
the evaluation of the external body surface; all orifices; as well as cranial, thoracic and 
abdominal cavities and their contents.  As part of the examination of the remains of 
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animals, a variety of organs (see table below) were weighed before fixation, and after 
dissection of excess fat and other excess tissues.  Paired organs were weighed 
together unless gross abnormalities were present, in which case they were weighed 
separately.  Alterations in organ weights were evaluated by determining organ-to-body 
weight ratios and organ-to-brain weight ratios.  In regard to the microscopic examination 
of the remains of euthanized animals, tissues listed in the Table below were preserved 
in 10% neutral buffered formalin (except for the eyes, which were preserved in 
Davidson’s fixative; and the testes, which were preserved in Bouin’s fixative).  These 
tissues were processed to paraffin blocks and prepared to slides.  The slides were 
stained with hematoxylin and eosin.        
Table 24.  Organs Collected from Treated Dogs and Weighed

Organs
Adrenals Prostate

Brain Spleen
Heart Testes

Kidneys Thymus
Liver Thyroids/parathyroids

Pituitary Uterus
       
Table 25.  Tissues Collected from Treated Dogs

Tissues
Cardiovascular Skin/Musculoskeletal
Aorta Skin
Heart Mammary gland
Digestive Skeletal muscle (thigh)
Salivary glands Femur with articular surface
Tongue Respiratory
Esophagus Trachea
Stomach Larynx
Small intestine
– duodenum
– jejunum
– ileum

Lung with mainstem 
bronchus

Large intestine
- cecum
- colon
- rectum
- pancreas
- liver
- gall bladder Lymphoid/hematopoietic

Endocrine Sternum with bone marrow
Adrenals Thymus
Pituitary Spleen
Thyroid/parathyroid Lymph Nodes

– Mandibular
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– Mesenteric
Urogenital Nervous/Special Sense
Kidneys Eye with optic nerve 
Urinary bladder Sciatic nerve
Ovaries Brain
Uterus Spinal cord

– cervical
– midthoracic
– lumbar

Cervix Lacrimal glands   
Vagina Other
Testes Unique Animal Identifier 

(not for evaluation)
Epididymides Gross findings
Prostate

Gross Pathology

There were no macroscopic findings that were deemed test article-related.  

Organ Weights
There were no test article-related alterations in the organ weights of treated animals.
 
Histopathology

The histopathology battery completed was deemed adequate by the Reviewer.  There 
were no test article-related microscopic findings observed in the treated dogs.  See the 
table below  for histopathology findings that were deemed notable, but not test article 
related by the Reviewer based on the observation of comparable findings in control 
animals; the observation of a finding in females only, despite higher overall systemic 
levels of hydrocodone (via KP201) in males; the lack of a dose-response relationship in 
treated animals; and/or the low severity and incidence of the findings in treated animals.  
The findings listed in the table below were not specifically mentioned in the Pathologist 
Report, except for cytoplasmic rarefaction of periportal hepatocytes.  The mentioned 
finding was reportedly consistent with the presence of hepatocellular glycogen in the 
treated rats and not deemed test article-related.  Overall, the Reviewer concurred with 
the Applicant’s conclusion that there were no test article-related histopathology findings 
in treated animals.  In particular, cytoplasmic vacuolation in the kidneys of males from 
the 10 mg/kg group, a finding that was deemed mild in 2/3 main study animals and 
slight in 1/2 recovery animals, was noted but deemed incidental based on the 
observation of this finding in more female animals across dose groups (i.e., total of 9/21 
females) when compared to males (total of 4/21 animals) and the lack of findings 
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demonstrating a test article-related increase in the severity of this finding in the latter.  
Given that this finding in females was not test article-related and its incidence was 
greater than in males, at doses that had a higher level of systemic exposure in the 
former, this effect was deemed incidental.  This conclusion is supported by the finding 
that the incidence of this observation in males was not comparable in the KP201 high 
dose group and hydrocodone bitartrate dose group, despite exposure to similar levels of 
hydrocodone.  Note that in dogs there were no apparent sex difference in the levels of 
intact KP201 and hydromorphone across dose groups and that the levels of the prodrug 
and this metabolite were substantially lower than hydrocodone, which appeared to be 
higher in females when compared to male dogs (see tables below).  
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example, the AUClast values measured in males at 5 and 10 mg/kg on Day 1 and at all 
of the doses on Day 14 were 1.6 - 2.0x greater than those in females.  Given that both 
AUClast and Cmax values for hydrocodone generally appeared dose proportional on Days 
1 and 14, hydrocodone showed linear kinetics.  The exception was the Cmax value for 
hydrocodone in females from the 2.5 mg/kg group, which appeared to be slightly greater 
than dose proportional on Day 14 when compared to the values from the other female 
dose groups.  These findings suggest that peak exposure in females from the 2.5 mg/kg 
group may have been slightly higher than expected.  In regard to peak and overall 
systemic exposure, the mean AUClast values on Days 1 and 14 were comparable within 
each group, which suggests that hydrocodone did not accumulate during the two-week 
study.  The lack of hydrocodone accumulation at the doses evaluated may be partly due 
to the short half-life of this metabolite.  At these doses, the half-life of hydrocodone 
ranged in animals from 1.9-6.6 hours on Day 1 and 1.6-3.8 hours on Day 14.  Overall, 
these data demonstrated that hydrocodone was released from the KP201 prodrug and 
that the peak and overall exposure levels of this metabolite were greater than those of 
intact KP201 and hydromorphone.  Also these data, demonstrated that peak and overall 
systemic levels of hydrocodone detected in males from the 10 mg/kg KP201 group 
(highest dose) were comparable to those in the 11 mg/kg hydrocodone bitartrate 
comparator group; unlike in females.  Peak and overall systemic levels of hydrocodone 
in females from the 10 mg/kg KP201 group were substantially lower than those from the 
11 mg/kg hydrocodone bitartrate group.                    

Table 27.  Mean Peak and Overall Systemic Exposure to Intact KP201 in Male and 
Female Dogs (Data Combined)  

Cmax (ng/mL) AUClast (h*ng/mL)Parent
Drug

Dose
(mg/kg/day) Day 1 Day 14 Day 1 Day 14

2.5 0.5 0.5 0.7 0.7
5 2.1 1.5 9.4 3.4KP201

10 5.8 3.4 23.8 13.7

Table 28.  Mean Peak and Overall Systemic Exposure to Hydromorphone in Male 
and Female Dogs (Data Combined)

Cmax (ng/mL) AUClast (h*ng/mL)  
Parent 
Drug

Dose
(mg/kg/day) Day 1 Day 14 Day 1 Day 14

Hydrocodone bitartrate 11 1.3 0.8 1.7 1.3
 
      

2.5 0.2 0.2 0.2 0.6
5 2.0 0.7 2.8 1.9KP201

10 1.7 1.6 3.7 5.8
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Table 29.  Mean Peak and Systemic Levels of Hydrocodone in Dogs following the 
Oral Administration of Either KP201 or Hydrocodone Bitartrate

Cmax (ng/mL) AUClast (h*ng/mL)
Male Female Male Female

Parent
Drug

Dose
(mg/kg/day)

Day 
1

Day 
14

Day 
1

Day 
14

Day 
1

Day 
14

Day 
1

Day 
14

Hydrocodone 
bitartate

11.0 178.0 114.0 210.0 131.0 444.7 483.6 457.7 351.4

2.5 32.9 27.7 33.9 24.0 102.3 102.3 86.0 63.7
5.0 80.1 43.8 58.6 34.7 266.7 213.1 136.7 111.7KP201

10.0 146.0 84.7 102.0 58.0 491.1 414.6 263.0 259.4

Dosing Solution Analysis
According to the Applicant’s report, homogeneity was confirmed and there were no 
significant differences in the concentration of KP201 and hydrocodone bitartrate in their 
dose formulations after Day 10 of storage when compared to Day 1.  Given these 
findings, there were no apparent issues with the dosing solution.
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4) KP201 was below the lower limit of quantitation in this study (LLOQ < 2 
ng/mL) in both males and females on both Days 1 and 14.  Levels of the 
hydrocodone metabolite were higher in females than in males.

5) A NOAEL was established at 25 mg/kg in rats based primarily on the 
hematological changes noted at the MD and HD animals and clinical signs.  
This dose is equivalent to 241 mg/60 kg person based on body surface area 
comparison.   

Methods
Doses: See the table below

Frequency of dosing: Daily
Route of administration: Oral (PO) via gavage

Dose volume: 10 mL/kg/day
Formulation/Vehicle: KP201 (white to off-white solid) and 

hydrocodone bitartrate (white to off-white 
powder) were dissolved in 50% PEG 400 in 
water

Species/Strain: Rat/Hsd:SD
Number/Sex/Group: 5 to 10 animals/sex/group 

Age: Six to eight weeks at the start of dosing
Weight: 150-300 grams at the start of dosing

Satellite groups: Yes
Unique study design: None

Deviation from study protocol: None
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Observations and Results

Mortality
Rats were generally observed twice daily (a.m. and p.m.) on Days 1-28 to verify that 
they were alive.  There were no mortalities observed in rats prior to the scheduled 
necropsy.

Clinical Signs
The Applicant monitored animals for clinical signs at least once prior to each pre- and 
post-treatment; and as needed on Days 1-14.  Note that animals were monitored one to 
two hours post treatment.  Also, animals were observed at least once daily during the 
recovery phase and prior to terminal sacrifice on either Day 1 or 29.  The clinical signs 
observed in treated rats are discussed below.  

Test article related clinical signs were observed in rats from the 84 mg/kg hydrocodone 
bitartrate group; and the 50 and 75 mg/kg KP201 groups.  Those signs that were 
prominent in rats included swollen and red stained right and left paws; biting at right and 
left paws; abrasions, as well as abrasion and hair loss of the right and left forepaws, and 
red staining of both nares1.  In KP201 treated animals, the incidence of these signs 
increased in a dose-related manner.  Note that the incidences of these signs were 
similar in the 84 mg/kg hydrocodone bitartrate group and the 75 mg/kg KP201 group.  In 
these groups, swollen right and left paws were deemed adverse by the Reviewer.  
These signs were observed in animals for up to four days following the termination of 
daily treatment (i.e., during the recovery period; see the table below).   

Table 32.  Clinical Signs Observed in Rats Administered Either KP201 or 
Hydrocodone Bitartrate Orally

Control Hydrocodone 
Bitartrate KP201

0.0
mg/kg

84.0
mg/kg

25.0
mg/kg 50.0 mg/kg 75.0

mg/kg
Clinical Sign Day M F M F M F M F M F

2 0/15 0/15 4/15 3/15 0/10 0/10 0/10 1/10 3/15 5/15
3 0/15 0/15 6/15 3/15 0/10 0/10 0/10 0/10 5/15 8/15
4 0/15 0/15 4/15 1/15 0/10 0/10 0/10 0/10 4/15 3/15
5 0/15 0/15 4/15 1/15 0/10 0/10 1/10 0/10 4/15 4/15
6 0/15 0/15 3/15 1/15 0/10 0/10 0/10 0/10 4/15 1/15
7 0/15 0/15 3/15 0/15 0/10 0/10 0/10 0/10 4/15 0/15
8 0/15 0/15 1/15 0/15 0/10 0/10 0/10 0/10 1/15 0/15
9 0/15 0/15 3/15 0/15 0/10 0/10 0/10 0/10 1/15 0/15

10 0/15 0/15 2/15 0/15 0/10 0/10 0/10 0/10 0/15 1/15
11 0/15 0/15 1/15 1/15 0/10 0/10 0/10 0/10 0/15 1/15
12 0/15 0/15 2/15 1/15 0/10 0/10 0/10 0/10 1/15 1/15
13 0/15 0/15 4/15 1/15 0/10 0/10 0/10 0/10 1/15 2/15

Left Paw, swollen

14 0/15 0/15 4/15 0/15 0/10 0/10 0/10 0/10 1/15 1/15

1 Nares are the anterior opening of the nasal cavity.
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Clinical Sign Day

Control Hydrocodone 
Bitartrate KP201

0.0
mg/kg

84.0
mg/kg

25.0
mg/kg 50.0 mg/kg 75.0

mg/kg
M F M F M F M F M F

15 0/15 0/15 0/15 0/15 0/10 0/10 0/10 0/10 1/15 0/15
16 0/5 0/15 0/5 0/15 0/5 0/15

2 0/15 0/15 3/15 8/15 0/10 0/10 1/10 0/10 6/15 5/15
3 0/15 0/15 5/15 8/15 0/10 0/10 2/10 0/10 9/15 4/15
4 0/15 0/15 5/15 7/15 0/10 0/10 2/10 0/10 4/15 3/15
5 0/15 0/15 5/15 7/15 0/10 0/10 2/10 0/10 5/15 3/15
6 0/15 0/15 4/15 3/15 0/10 0/10 1/10 0/10 5/15 2/15
7 0/15 0/15 3/15 2/15 0/10 0/10 1/10 0/10 5/15 2/15
8 0/15 0/15 1/15 2/15 0/10 0/10 0/10 1/10 3/15 2/15
9 0/15 0/15 2/15 4/15 0/10 0/10 0/10 1/10 1/15 3/15

10 0/15 0/15 0/15 3/15 0/10 0/10 1/10 0/10 1/15 2/15
11 0/15 0/15 2/15 3/15 0/10 0/10 2/10 0/10 1/15 1/15
12 0/15 0/15 1/15 4/15 0/10 0/10 0/10 0/10 0/15 1/15
13 0/15 0/15 4/15 4/15 0/10 0/10 3/10 1/10 2/15 2/15
14 0/15 0/15 4/15 4/15 0/10 0/10 3/10 1/10 2/15 2/15
15 0/15 0/15 0/15 1/15 0/10 0/10 0/10 2/10 0/15 2/15
16 0/5 0/15 0/15 0/15 0/15 1/15
17 0/5 0/15 0/15 0/15 0/15 1/15
18 0/5 0/15 0/15 0/15 0/15 1/15

Right paw, swollen

19 0/5 0/15 0/15 0/15 0/15 0/15

9 0/15 0/15 0/15 1/15 0/10 0/10 0/10 1/10 0/15 2/15
10 0/15 0/15 0/15 2/15 0/10 0/10 0/10 1/10 0/15 5/15
11 0/15 0/15 4/15 1/15 0/10 0/10 0/10 0/10 2/15 0/15
12 0/15 0/15 3/15 1/15 0/10 0/10 1/10 0/10 4/15 0/15
13 0/15 0/15 3/15 2/15 0/10 0/10 0/10 1/10 2/15 4/15
14 0/15 0/15 0/15 0/15 0/10 0/10 1/10 1/10 1/15 5/15

Left paw,
biting at

15 0/15 0/15 0/15 0/15 0/15 0/15

9 0/15 0/15 0/15 5/15 0/10 0/10 0/10 3/10 0/15 4/15
10 0/15 0/15 0/15 5/15 0/10 0/10 0/10 4/10 0/15 5/15
11 0/15 0/15 3/15 1/15 0/10 0/10 3/10 0/10 3/15 0/15
12 0/15 0/15 4/15 0/15 0/10 0/10 1/10 0/10 4/15 0/15
13 0/15 0/15 4/15 2/15 0/10 0/10 2/10 2/10 0/15 5/15
14 0/15 0/15 1/15 4/15 0/10 1/10 0/10 2/10 0/15 4/15

Right Paw, biting at

15 0/15 0/15 0/15 0/15 0/10 0/10 0/10 0/10 0/15 0/15

Reference ID: 3940782



NDA 208653 Reviewer: Marcus S. Delatte, PhD

67

Body Weights
According to the draft protocol, body weights were recorded in all animals during the 
main study phase at randomization/selection, as well as prior to treatment on Days 1, 4, 
7, 10, and 13.  In addition, body weights of recovery animals were recorded on Days 16, 
19, 22, 25, and 28.  Note that a fasted body weight was recorded prior to sacrifice on 
Day 15 or 29.  In KP201-treated rats, body weight was reduced in a dose-related 
manner in males only when compared to control (see values in the table below).  For 
example, body weight was reduced in males from the 50 and 75 mg/kg groups to 78%-
89% of control.  Reductions in body weight were observed in males from the 50 mg/kg 
group on Days 7, 10, and 13.  Note that there were no recovery animals in this group, 
so body weight alterations at later time points were not evaluated.  Reductions in body 
weight were observed in males from the 75 mg/kg group on Days 7, 10, 13, 16, 19, and 
22.  The mean body weight of recovery animals from this group returned within 
acceptable levels (i.e., within 90% of control) by Day 25.  Similarly, the comparator drug 
hydrocodone bitartrate (84 mg/kg) reduced body weights to <90% of control in males 
only.  Body weights in females were not reduced by >10%, therefore the test article did 
not produce any toxicologically significant alterations in this sex, regardless of 
treatment.  Overall, the test article produced toxicologically relevant reductions in the 
body weights of males only at 50 and 75 mg/kg of KP201; an effect that may be related 
to findings that the AUClast values for hydromorphone measured in these animals on 
Days 1 and 14 were 1.6-1.8X higher than those in females.         

Hydrocodone 
Bitartrate KP201

84
mg/kg

25
mg/kg

50
mg/kg

75
mg/kg

Table 33.  Mean Body 
Weights in Rats 
Administered Either 
KP201 or Hydrocodone 
Bitartrate Orally   
Day M F M F M F M F

1 99% 101% 100% 102% 100% 101% 99% 101%
4 89% 95% 94% 98% 92% 97% 90% 97%
7 83% 92% 92% 96% 87% 93% 85% 95%

10 82% 92% 91% 99% 86% 94% 81% 94%
13 82% 92% 93% 99% 87% 94% 83% 95%
16 76% 95% 78% 90%
19 82% 91% 86% 97%
22 87% 94% 89% 96%
25 89% 96% 91% 98%
28 89% 97% 91% 98%

Food Consumption
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Food consumption was measured by recording full feeder weights and/or feeder weigh 
backs on Days 1, 7, 14, 21, and 28.  Note that food consumption was lowered in a 
statistically significant manner in males from the 50 and 75 mg/kg KP201 groups and 
the 84 mg/kg hydrocodone bitartrate group on Days 7-14.  This finding was consistent 
with the reductions in body weight observed in these groups.    

Ophthalmoscopy

Ophthalmological examinations were conducted before treatment initiation and during 
the final week of dosing.  A dilating agent (0.5% tropicamide) was instilled into the eyes 
of animals prior to the examination.  Note that there were no test article related 
alterations in the endpoints evaluated during the ophthalmic examination in treated 
animals.  The veterinarian did report the observation of findings that included pale 
fundus in the eyes of treated animals.  This finding was deemed incidental.  According 
to the veterinarian, the pale fundus observed in the eyes of animals at preterminal 
examinations may have been due to hypotension, anemia and/or hypovolemia.  Other 
causes of impaired vascular perfusion may also result in this finding.  Note that that pale 
fundus was not observed in recovery animals.  

ECG
This endpoint was not evaluated in treated rats.

Clinical Pathology Evaluation

Blood samples collected from rats were used to measure hematology (cardiocentesis), 
coagulation, and serum chemistry parameters.  Animals were fasted overnight and 
anesthetized via CO2 inhalation prior to the collection of samples at terminal sacrifice on 
either Day 15 or 29.  Note that the total volume of blood collected, in consideration with 
other study parameters that require blood collection, did not exceed 1% of body weight 
of a given animal for a two week period.  
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Table 34.  Information Related to Clinical Pathology Evaluation Conducted in Rats
Hematology

Red blood cell count and 
morphology Platelet count

White blood cell count* Hematocrit
Mean corpuscular 

hemoglobin Hemoglobin

Mean corpuscular 
hemoglobin concentration Reticulocyte count

Mean corpuscular volume
*Total and differential white blood cell counts, including neutrophils, basophils, eosinophils, monocytes, 
lymphocytes, and large unstained cells

Coagulation
Activated partial thromboplastin time

Prothrombin time

Clinical chemistry
Alanine aminotransferase Globulin

Albumin Glucose
Albumin/globulin ratio Phosphorus
Alkaline phosphatase Potassium

Aspartate aminotransferase Sodium
Calcium Total bilirubin
Chloride Total protein

Cholesterol Triglycerides
Creatinine Urea nitrogen

Hematology
There were no test article-related alterations in the hematology endpoints evaluated.  
However, the following morphology observations in KP201 treated animals were 
notable: Howell-Jolly Bodies; anisocytosis; nucleated red blood cells; polychromasia.  
Howell-Jolly Bodies are spherical or ovoid eccentrically located granules that are 
occasionally observed in the stroma of circulating erythrocytes and are believed to be 
nuclear remnants.  These are normally removed by the spleen but have been known to 
persist in individuals with functional hyposplenia.  Anisocytosis reportedly denotes that 
there was a considerable variation in the size of Red Blood Cells (RBCs), which are 
normally uniform in size.  Nucleated RBCs are immature cells.  Although these 
alterations in the morphology of red blood cells were noted in KP201-treated animals, 
none of them were deemed test article related since a dose-response relationship was 
not established.  In regard to hydrocodone bitartate (84 mg/kg), the comparator drug 
appeared to alter the morphology of red blood cells evaluated in treated animals.  For 
example, hydrocodone bitartrate produced polychromasia that was moderate in severity 
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in 2/10 males and 1/10 females evaluated at Day 15.  However, these data must be 
carefully interpreted since a single dose was evaluated and this effect was not deemed 
test article related at 75 mg/kg KP201, a dose that produced comparable levels of 
hydrocodone and hydromorphone in rats on Day 1.  Note that polychromasia refers to 
the condition when stained red blood cells appear grayish-blue in color when examined 
under the microscope.  A finding of polychromasia can occur when red blood cells are 
released prematurely from the bone marrow, generally in response to hormonal 
responses resulting from anemia or structural damage to the bone marrow.  In the case 
of an opioid, it may be possible that these changes may have resulted from the opioid-
induced respiratory depression; however, a review of the literature did not identify this 
finding previously.  The fact that the finding was also noted in the hydrocodone arm of 
the study suggests that it is not unique to this prodrug.  These effects may be due to 
prolonged elevations of corticosterone in the rat, which is known to occur with opioid 
administration in this species.  In contrast to the rat, opioids decrease cortisol in 
humans.  Therefore, these findings may not have clinical relevance.  Nonetheless, the 
finding should be monitored in subsequent toxicology studies.  
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Table 35.  Morphology Observations of Erythrocytes in Treated Rats

Treatment
Dose

(mg/kg) Sex Subject Day Observation Details
Anisocytosis Slight5121 15 Polychromasia Moderate
Anisocytosis SlightMale

5126 15 Polychromasia Moderate
Anisocytosis Slight

Polychromasia Rare-slight5185 15
Macrocytes Rare-slight
Anisocytosis Slight5193 15 Polychromasia Moderate
Anisocytosis Slight

Polychromasia Rare-slight

HB 84

Female

5195 15
Macrocytes Nothing 

listed

25 Male 5136 15 Polychromasia Rare-slight
5142 15 Polychromasia Moderate

Anisocytosis Moderate
Polychromasia MarkedMale 5145 15

Macrocytes Moderate
Anisocytosis Moderate

Polychromasia Marked
Macrocytes Moderate

Howell-Jolly Bodies Nothing 
listed

9137 15

Nucleated Red Blood 
Cells 5 NRBCs

Anisocytosis Slight
Polychromasia Moderate

50

Female

9138 15 Nucleated Red Blood 
Cells 2NRBCs

15 Anisocytosis SlightMale 5158 Polychromasia Moderate
15 Anisocytosis Moderate

KP201

75
Female 9147 Polychromasia Moderate
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Coagulation
There were no test article-related alterations in the coagulation endpoints evaluated.

Clinical Chemistry
There were no test article-related alterations in the clinical chemistry endpoints 
evaluated.

Urinalysis
Urine samples were collected from rats in Groups 1-5 prior to study initiation, as well as 
on Days 15 and 29.  Samples were collected overnight via metabolism cages and 
analyzed for benzoic acid and hippuric acid.  These findings demonstrated the levels of 
hippuric acid excreted in urine from KP201-treated and hydrocodone bitartrate-treated 
rats prior to treatment were higher than that on Days 15 and 29.  For example, KP201-
treated rats excreted hippuric acid prior to treatment at levels more than three times 
higher than that measured on Days 15 and 29.  Despite this difference, there were no 
statistically significant differences in the mean values presented.  

Figure 7.  Hippuric Acid Levels Measured in Rat Urine Samples Prior to and after 
Treatment with Either KP201 or Hydrocodone Bitartrate 
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Terminal Procedures and Anatomic Pathology (Groups 1-5)

Surviving rats were euthanized by CO2 asphyxiation following terminal blood collection 
on either study Day 15 (Main Study groups) or 29 (Recovery groups).  The remains of 
animals were prepared and examined for macroscopic and microscopic findings using 
standard methods.  The macroscopic examination of the remains of euthanized animals 
involved the evaluation of the external body surface; all orifices; as well as cranial, 
thoracic, and abdominal cavities and their contents.  As part of the examination of the 
remains of animals, a variety of organs (see the table below) were weighed before 
fixation, and after dissection of excess fat and other excess tissues.  Paired organs 
were weighed together unless gross abnormalities were present, in which case they 
were weighed separately.  Alterations in organ weights were evaluated by determining 
organ-to-body weight ratios and organ-to-brain weight ratios.  In regard to the 
microscopic examination of the remains of euthanized animals, tissues listed in the 
table below were preserved in 10% neutral buffered formalin (except for the eyes, which 
were preserved in Davidson’s fixative; and the testes, which were preserved in Bouin’s 
fixative).  The collected tissues were processed to paraffin blocks and prepared to 
slides.  The slides were stained with hematoxylin and eosin.       

Table 36.  Organs Collected from Treated Rats and Weighed
Organs

Adrenals Spleen
Brain Testes
Heart Thyroids/parathyroids

Kidneys Ovaries
Liver

Table 37.  Tissues Collected from Treated Rats
Tissues

Cardiovascular Skin/Musculoskeletal
Aorta Skin
Heart Mammary gland
Digestive Skeletal muscle (thigh)
Salivary glands
– Mandibular

Femur with articular surface

Tongue Respiratory
Esophagus Trachea
Stomach Larynx
Small intestine
– duodenum
– jejunum
– ileum

Lung with mainstem 
bronchus

Large intestine
- cecum
- colon Urogenital
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Tissues
- rectum

Endocrine Kidneys 
Adrenals Urinary bladder
Pituitary Ovaries
Thyroid/parathyroid Uterus

Lymphoid/hematopoietic

Cervix

Sternum with bone marrow Vagina
Thymus Testes
Spleen Epididymides
Lymph Nodes
– Mandibular
– Mesenteric

Prostate

Nervous/Special Sense Seminal vesicles
Eye with optic nerve Other
Sciatic nerve Unique Animal Identifier 

(not for evaluation)
Brain Gross findings
Spinal cord
– cervical
– midthoracic
– lumbar

Lacrimal glands   
Hardarian gland

Gross Pathology
There were no test article related macroscopic findings observed in the treated rats.

Organ Weights
There were no test article related alterations in the organ weights for treated rats.

Histopathology
The histopathology battery was deemed adequate by the Reviewer.  Note that there 
were no test article related microscopic findings observed in the treated rats.
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Toxicokinetics
Toxicokinetic endpoints were measured from plasma obtained from whole blood 
samples collected from animals in Groups 6-9.  Samples (0.5 mLs each) were collected 
from 3 animals/sex/group at 0.0 hours pre-dose; as well as at 0.5, 1, 2, 4, 8, 12, and 24 
hours post-dose via retroorbital puncture.  These samples were stored in tubes 
containing K2EDTA and, at a later time, spun in a refrigerated centrifuge to separate the 
plasma.  Note that none of the animals were bled more than three times and blood 
collection in each did not exceed 1% of body weight for a two-week period.  In the text 
below, the toxicokinetic endpoints measured are discussed and the mean values for the 
groups treated are presented.      

Findings in rats have demonstrated that hydrocodone was released and 
hydromorphone was formed as a metabolite following the administration of the prodrug 
KP201 daily for 14 days.  The Applicant has provided data demonstrating the levels of 
hydrocodone and hydromorphone that were measured on Days 1 and 14 of daily KP201 
treatment.  For comparison, toxicokinetic endpoints were evaluated in a separate group 
of animals administered hydrocodone bitartrate (84 mg/kg).  Note that the Applicant 
reported that all intact KP201 concentrations in rats were below the lower limit of 
quantitation (i.e., < 2 ng/mL) and set to zero (0 ng/mL).  This finding was unlike that 
observed in rats from the single-dose pharmacokinetic study discussed above in which 
intact prodrug was detected in plasma samples (see the figure below).  Also, the 
Applicant noted that the hydrocodone and hydromorphone concentrations in 
hydrocodone bitartrate treated animals were below the level of quantification on Day 14 
(at various time points).  The Applicant reported that this subset of data “appears clearly 
erroneous”; and acknowledged that given that this anomaly appears to have only 
occurred in data from the comparator group, there was no need to repeat this 
component of the study.  Given that intact KP201 was reportedly not detected, the 
Reviewer focused on the toxicokinetic findings for hydrocodone and hydromorphone 
measured in rats following the administration of the prodrug KP201.  

In rats administered KP201, the mean time to the maximum peak concentration of 
hydrocodone and hydromorphone was ≤ two hours across doses when measured on 
Days 1 and 14.  Both the mean peak and overall systemic levels of hydrocodone and 
hydromorphone in rats increased in a dose-related manner (see the table below).  The 
values measured in animals were generally comparable across sexes; however, there 
were instances in which there appeared to be sex-related differences in the mean 
values.  For example, Cmax values for hydrocodone in females were 2-3x higher than 
males on Day 1 in all of the dose groups and on Day 14 in the 25 mg/kg group.  AUClast 
values for hydrocodone in females were approximately 2-3x higher than males on Day 1 
in the 25 and 75 mg/kg group and on Day 14 in the 25 mg/kg group only.  Together, 
these findings suggest that the peak and/or overall systemic exposure to hydrocodone 
were higher in females when compared to males in the dose groups mentioned.  In 
regard to hydromorphone, the Cmax values measured were comparable across sexes; 
unlike the AUClast values, which were generally greater in males compared to females 
on Days 1 and 14.  AUClast values for hydromorphone for males were 1.6-2.4x greater in 
all of the doses groups on Day 1 and the 50 and 75 mg/kg groups on Day 14 when 
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compared to female values.  In regard to dose proportionality, the peak and overall 
systemic exposure levels of hydrocodone and hydromorphone reported in rats from the 
50 and 75 mg/kg groups were dose-proportional across sexes on Days 1 and 14; unlike 
at 25 mg/kg.  At 25 mg/kg, the peak exposure levels of hydrocodone were dose 
proportional in both sexes on Day 1 and in females only on Day 14; which suggests that 
its kinetics were linear, just as that observed in rats at 50 and 75 mg/kg.  Peak exposure 
to hydrocodone in males was less than dose proportional at 25 mg/kg on Day 14, which 
suggests that the kinetics of hydrocodone were non-linear.  Overall systemic exposure 
to hydrocodone was less than dose-proportional at 25 mg/kg in males on Days 1 and 14 
and females on Day 1.  At the same dose, peak exposure to hydromorphone was dose 
proportional across sexes on Days 1 and 14, whereas overall systemic exposure was 
dose proportional in males on Day 1 and females on Day 14 only.  In all other instances, 
overall systemic exposure to hydromorphone was less than dose proportional in 
animals at 25 mg/kg, which suggests that its kinetics were non-linear.  Together, these 
data in rats demonstrated that the kinetics of hydrocodone varied depending on the 
dose administered.  Based on the mean peak and overall systemic exposure values 
measured, there were instances in which hydrocodone and hydromorphone levels were 
greater on Day 14 compared to Day 1, which suggests that the metabolites 
accumulated in the plasma of rats.  Across sexes, Cmax values for hydrocodone 
measured in animals from all of the dose groups on Day 14 were 1.9-8.3x greater than 
values measured on Day 1.  In males, AUClast values for hydrocodone measured in 
animals from all dose groups on Day 14 were 1.8-3.2x greater than those measured on 
Day 1.  In females, AUClast values measured in animals from the 25 mg/kg group on 
Day 14 were 1.9x greater than those measured on Day 1.  Note that findings in dogs, 
unlike those discussed here in rats, did not provide evidence that hydrocodone and 
hydromorphone accumulated in the plasma of animals administered oral KP201 for two 
weeks.  Cmax values for hydromorphone measured in animals on Day 14 were 1.9-4.7x 
higher than those on Day 1.  As for AUClast values, accumulation was only noted in 
females from the 25 mg/kg.  The AUClast value in females from this group on Day 14 
was 1.6x higher than Day 1.  In rats, the half-life of hydrocodone and hydromorphone 
was ≤ 14 hours on Days 1 and 14.  Overall, these data demonstrated that the peak and 
overall levels of the hydrocodone and hydromorphone, following KP201 administration 
were increased in a dose-related manner; the levels of these metabolites were 
comparable in animals from the 10 mg/kg KP201 group and the 84 mg/kg hydrocodone 
bitartrate group; and the levels of the metabolites were generally increased at least in 
part by their accumulation in the prodrug groups.         
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Table 38.  Mean Peak and Systemic Levels of Hydrocodone in Rats following the 
Oral Administration of Either KP201 or Hydrocodone Bitartrate

Cmax (ng/mL) AUClast (h*ng/mL)
Male Female Male Female

Drug
Dose

(mg/kg/day)
Day 

1
Day 
14

Day 
1

Day 
14

Day 
1

Day 
14

Day 
1

Day 
14

Hydrocodone 
bitartrate

84 15.6 ND 34.4 ND 113.5 ND 188.8 ND

25 3.81 15.3 11.7 37.9 7.512 24.35 24.53 46.25
50 11.7 62.9 32 61.3 75.31 132.5 116.4 114.5KP201
75 16.8 140 34.8 102 103.3 241.7 194.6 233.2

Table 39.  Mean Peak and Systemic Levels of Hydromorphone in Rats following 
the Oral Administration of Either KP201 or Hydrocodone Bitartrate

Cmax (ng/mL) AUClast (h*ng/mL)
Male Female Male Female

Drug
Dose

(mg/kg/day)
Day 

1
Day 
14

Day 
1

Day 
14

Day 
1

Day 
14

Day 
1

Day 
14

Hydrocodone 
bitartrate

84 29.2 ND 22.6 ND 357.5 ND 170.9 ND

25 11.8 27.7 14.8 31 64.13 41.73 26.3 41.87
50 22.9 63.1 19.7 48.1 178.4 155.9 98.78 91.63KP201
75 31.5 129 27.3 69.2 347.1 263.9 215 160
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Dosing Solution Analysis
According to the Applicant’s report, homogeneity was confirmed and recovery of KP201 
and hydrocodone bitartrate from dosing formulation sample ranged from 95.5 to 106%.  
Given these findings, there were no apparent issues with the dosing solution.
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Study title:  A 28-Day Oral Toxicity Study with KP201 in Dogs with a 14-Day 
Recovery 

Study no.: KP201-D28OT-021
Study report location: EDR

Conducting laboratory and location:
Date of study initiation: April 9, 2014

GLP compliance: Yes
QA statement: Yes (signed)

Pathology Report: Signed
Drug, lot #, and % purity: KP201, Lot B1323-111001, 100% purity

Hydrocodone bitartrate, Lot B1183-
101004, 99.8% purity

Key Study Findings
Dogs were treated for 28 days with 0, 2.5, 5, or 15/10 mg/kg KP201 or 13/8.7 mg/kg 
hydrocodone bitartrate with the following key findings:

1) Clinical signs observed following KP201 administration (≥ 2.5 mg/kg) included 
decreased activity, loose or watery feces, salivation, emesis, and rigid body 
tone. 

2) Body weight and food consumption was significantly decreased in males from 
the high dose group (15/10 mg/kg).  

3) The comparator drug hydrocodone bitartrate (11 mg/kg) produced effects 
similar to that of KP201.

4) Dogs treated with KP201 and hydrocodone bitartrate, separately, were not 
observed with toxicologically significant alterations in the clinical chemistry 
anatomical pathology endpoints evaluated.   

5) Peak and overall systemic exposure to intact KP201 and its metabolites 
increased in a dose-related manner across sexes.

6) There were no clear treatment-related changes in clinical chemistry, 
hematology, or urinalysis.  

7) The Applicant estimated a NOAEL in the dog at 2.5 mg/kg based on the 
observation of clinical signs (i.e., excessive salivation, decreased or no 
activity, emesis, and loose /soft feces), and the decrease of food consumption 
and body weight; however, the PT reviewer did not concur.  The PT reviewer 
estimated a LOAEL in the dog at 10 mg/kg based on the exhibition of 
adverse clinical signs (i.e., decreased activity and rigid body tone) across 
sexes at ≥ 2.5 mg/kg and the significant reduction in values for body weight 
and food consumption in males at 15/10 mg/kg, effects that are monitorable in 
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clinical settings (human equivalent dose of 333 mg per 60 kg person based 
on body surface area).

Methods
Doses: See the figure below

Frequency of dosing: Once daily
Route of administration: Oral (PO)

Dose volume: 5 mL/kg/day
Formulation/Vehicle: Oral solution/50% PEG and deionized water

Species/Strain: Dog/Beagle
Number/Sex/Group: 3 to 5 animals/sex/group

Age: 6 to 7 months
Weight: Males: 7.6 to 9.8 kg

Females: 5.8 to  7 kg
Satellite groups: No

Unique study design: No
Deviation from study protocol: Yes.  These deviations do not appear to impact 

the conclusions provided by the Applicant.  

Figure 8.  Study Design Information

Observations and Results

Mortality
The dogs were observed twice a day (a.m. and p.m.) for mortality and morbidity.  There 
were no mortalities prior to the scheduled necropsy on either Days 29 or 43.
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Clinical Signs
Clinical signs were recorded at least once a day following treatment (approximately 1 to 
3 hours post treatment) for clinical signs.  Test article-related clinical signs that were 
observed in dogs across the doses of KP-201 tested (≥ 2.5 mg/kg) included decreased 
activity, loose or watery feces, salivation, emesis, and rigid body tone.  These clinical 
signs are monitored in clinical settings.     

Body Weights
Body weight was measured prior to the initiation of treatment, as well as on Days 1, 4, 
8, 12, 22, 28, 35, and 42.  The overall mean values for body weight were decreased in a 
dose- and time-related manner in dogs treated daily with KP201.  These values were 
decreased by 12 to 14% in male dogs from the high dose on Treatment Days 22 and 
28; an effect deemed toxicologically significant.  Note that these values returned to 
control levels during the recovery phase (i.e., Days 35 and 42).  Hydrocodone treated 
animals also demonstrated a decreased mean body weight in a toxicologically 
significant manner on Day 28; however, this value did not return to control levels during 
the recovery phase.  Based on the established pharmacological and toxicological 
profiles for hydrocodone, recovery is likely to occur if this end point was measured 
following a longer recovery period.  Alterations in body weight may be measured in 
clinical settings.         
 
Food Consumption
Food consumption by dogs was recorded daily.  Food consumption was decreased in a 
dose-related manner in KP201-treated dogs; an effect that was toxicologically 
significant in males from the high dose group given the significant alteration in body 
weight values in these animals.  Food consumption returned to control levels during the 
recovery period.  Alterations in food consumption can be monitored in clinical settings.    
 
Ophthalmoscopy
Ophthalmic examinations were conducted in dogs prior to the initiation of treatment and 
during the final week of treatment.  There were no apparent test article-related 
alterations in the ophthalmic endpoints evaluated in dogs treated with KP201 daily.  

ECG
ECGs were recorded prior to the initiation of treatment and during the final week of 
treatment.  ECGs were obtained using right lateral recumbency.  Recordings were 
made using limbs leads I, II, III, aVR, aVL, aVF, as well as two chest leads V1 and V2.  
There were no apparent test article-related alterations in the ECG endpoints evaluated 
in dogs treated with KP201 daily.  

Clinical Pathology Evaluation
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Blood samples collected from dogs were used to measure hematology, coagulation, 
and serum chemistry parameters in treated dogs.  Samples were collected via the 
jugular vein of animals prior to the treatment initiation, as well as at either the terminal 
sacrifice (Day 29) or the recovery sacrifice (Day 43).  
Table 40.  Information Related to Clinical Pathology Endpoints Evaluated in Dogs 
from the 28-Day Repeat-Dose Toxicology Study  

Hematology
Red blood cell count and 

morphology
Platelet count

White blood cell count* Hematocrit
Mean corpuscular 

hemoglobin
Hemoglobin

Mean corpuscular 
hemoglobin concentration

Reticulocyte count

Mean corpuscular volume
*Total and differential white blood cell counts, including neutrophils, basophils, eosinophils, monocytes, 
lymphocytes, and large unstained cells

Coagulation
Activated partial thromboplastin time 

Prothrombin time

Clinical chemistry
Alanine aminotransferase Globulin

Albumin Glucose
Albumin/globulin ratio Phosphorus
Alkaline phosphatase Potassium

Aspartate aminotransferase Sodium
Calcium Total Bilirubin
Chloride Total Protein

Cholesterol Triglycerides
Creatinine Urea Nitrogen

Urinalysis
Specific Gravity Appearance/Color

pH Bilirubin
Protein Blood
Glucose Leukocytes
Ketone Nitrites

Urobilinogen Microscopic examination of 
formed elements

Hematology
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The mean values for these endpoints were not altered in a toxicologically significant 
manner.  
Coagulation
The mean values for these endpoints were not altered in a toxicologically significant 
manner.  

Clinical Chemistry
The mean values for these endpoints were not altered in a toxicologically significant 
manner.  

Urinalysis
The mean values for these endpoints were not altered in a toxicologically significant 
manner.  

Terminal Procedures and Anatomic Pathology (Groups 1-5)

Surviving animals were euthanized by intravenous barbiturate overdose on either study 
Day 29 (Main Study groups) or Day 43 (Recovery groups).  The remains of animals 
were prepared and examined for macroscopic and microscopic findings using standard 
methods.  The macroscopic examination of the remains of euthanized animals involved 
the evaluation of the external body surface; all orifices; as well as cranial, thoracic, and 
abdominal cavities and their contents.  As part of the examination of the remains of 
animals, a variety of organs (see the table below) were weighed before fixation, and 
after dissection of excess fat and other excess tissues.  Paired organs were weighed 
together unless gross abnormalities were present, in which case they were weighed 
separately.  Alterations in organ weights were evaluated by determining organ-to-body 
weight ratios and organ-to-brain weight ratios.  In regard to the microscopic examination 
of the remains of euthanized animals, tissues listed in the table below were preserved 
in 10% neutral buffered formalin (except for the eyes, which were preserved in 
Davidson’s fixative; and the testes, which were preserved in modified Davidson’s 
fixative for optimum fixation fixative).  These tissues were processed to paraffin blocks 
and prepared to slides.  The slides were stained with hematoxylin and eosin.        
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Table 41.  Organs Collected from Treated Dogs and Weighed
Organs

Adrenals Ovaries
Brain Spleen
Heart Testes

Kidneys Thymus
Liver Thyroids/parathyroids

Pituitary
Prostate Uterus

Table 42.  Tissues Collected from Treated Dogs
Tissues

Cardiovascular Skin/Musculoskeletal
Aorta Skin
Heart Mammary gland
Digestive Skeletal muscle (thigh)
Salivary glands Femur with articular surface
Tongue Respiratory
Esophagus Trachea
Stomach Larynx
Small intestine
– duodenum
– jejunum
– ileum

Lung with mainstem 
bronchus

Large intestine
- cecum
- colon
- rectum Lymphoid/hematopoietic

Gall Bladder Sternum with bone marrow
Pancreas Thymus
Endocrine Spleen
Adrenals Lymph Nodes

– Mandibular
– Mesenteric

Pituitary Nervous/Special Sense
Thyroid/parathyroid Eye with optic nerve 
Urogenital Sciatic nerve
Kidneys Brain
Urinary bladder Spinal cord

– cervical
– midthoracic
– lumbar

Ovaries Lacrimal glands   
Uterus Other
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Tissues
Cervix Unique Animal Identifier 

(not for evaluation)
Vagina Gross findings
Testes
Epididymides
Prostate

Liver

Gross Pathology
There were no test article-related macroscopic findings observed in dogs treated daily 
with KP201.  

Organ Weights
There were no test article-related alterations in the organ weights measured in dogs 
treated daily with KP201.
  
Histopathology
There were no toxicologically significant microscopic findings in dogs treated daily with 
KP201.   

Toxicokinetics

Toxicokinetic endpoints in dogs were measured from plasma samples obtained from 
whole blood samples collected from animals in Groups 2-5.  Samples (2 or 3 mLs each) 
were collected at 0 hours pre-dose; as well as at 1, 2, 4, 8, and 24 hours post-dose from 
the jugular vein.  These samples were stored in tubes containing K2EDTA.  In the text 
below, the toxicokinetic endpoints measured are discussed and their mean values for 
the groups tested are presented.  

Hydrocodone

The mean value for the time to the maximum concentration of hydrocodone ranged from 
1 to 1.67 hours following the administration of KP201 on Days 1 and 28.  The mean 
values for Cmax and AUCinf generally increased in a dose-related manner across sexes 
on the same days.  At the high dose, the values for Cmax ranged from 349 to 353 ng/mL 
on Day 1 (15 mg/kg) and 131 to 176 ng/mL (10 mg/kg) on Day 28 of treatment with 
KP201.  Mean values for AUCinf ranged from 1604 to 2039 h*ng/mL on Day 1 (10 
mg/kg) and 609.8 to 871.1 h*ng/mL on Day 28 (10 mg/kg).  The values appeared to 
increase in a linear manner for Cmax at the mid dose in females on Day 28 and at the 
high in both sexes on Day 1 and females on Day 28.  Otherwise, the values were 
substantially lower or higher than expected based on the incremental increase in dose 
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(see bold values, table below).  There was no substantial accumulation of hydrocodone 
at the dose levels that remained the same across the study days.  In regard to mean 
half-live for hydrocodone, the values appeared to increase in a dose-like manner on 
Day 1, unlike Day 28.  The values on Day 28 were comparable (i.e., ranged from 3.93 to 
4.2 hours).  Based on the highest dose hydrocodone is estimated to be virtually 
eliminated ≤ 25.6 hours following the administration of KP201 (10 mg/kg).       

Table 43.  Mean Hydrocodone Levels Measured on Days 1 and 28 in Dogs Treated 
with HB and KP201 Daily

 Cmax (ng/mL) AUCinf (h*ng/mL)

Dose Day 1 Day 28 Day 1 Day 28

Treatment (mg/kg) M F M F M F M F
2.5 59.9 35.1 71.1 62.1 280.7 153.5 313.1 188.8
5 72.7 131 109 55.5 346.7 430.4 583.6 282.2KP201

15/10 349 353 131 176 1604 2039 871.1 609.8

HB 13/8.7 274 176 185 106 1144 930.3 926 502.1

Table 44.  Dose Proportionality Ratios for Hydrocodone Expressed as the TK 
Value/Dose in Males and Females on Days 1 and 28

  

 Cmax (ng/mL) AUCinf (h*ng/mL)
Dose Day 1 Day 28 Day 1 Day 28

Treatment (mg/kg) M F M F M F M F
2.5 24.0 14.0 28.4 24.8 112.3 61.4 125.2 75.5
5 14.5 26.2 21.8 11.1 69.3 86.1 116.7 56.4KP201

15/10 23.3 23.5 13.1 17.6 106.9 135.9 87.1 61.0

Hydromorphone

The mean value for the time to the maximum concentration of hydromorphone ranged 
from 1 to 3.3 hours following the administration of KP201 on Days 1 and 28.  The mean 
values for Cmax and AUCinf increased in a dose-related manner across sexes on the 
same days.  At the high dose, mean values for Cmax ranged from 10.3 to 12 ng/mL on 
Day 1 (15 mg/kg) and 2.37 to 3.11 ng/mL (10 mg/kg) on Day 28 of treatment with 
KP201.  Mean values for AUCinf ranged from 66.16 to 119.1 h*ng/mL on Day 1 (10 
mg/kg) and 20.3 to 24.39 h*ng/mL on Day 28 (10 mg/kg).  The values appeared to 
increase in a linear manner for Cmax and AUCinf at the mid dose in males on Day 1 and 
both sexes on Day 28 (see bold values, table below).  At the high dose, the values 
appeared to increase in a linear manner for Cmax in females on Day 28 and AUCinf in 
both sexes on Day 28.  Hydromorphone in males from the low-dose group (2.5 mg/kg) 
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were 3-fold higher on Day 28 compared to levels on Day 1, suggesting the 
accumulation of this metabolite.  In regard to mean half-live for hydromorphone, the 
values increased in a dose-like manner on Day 1.  The mean value at the highest dose 
(15 mg/kg) ranged from 39.02 to 73.93 hours (see table below).  In contrast, these 
values on Day 28 were comparable (i.e., ranged from 6.15 to 10.22 hours).  Based on 
the highest dose hydromorphone is estimated to be virtually eliminated ≤ 51.1 hours 
following the administration of KP201 (10 mg/kg).       

Table 45.  Mean Hydromorphone Levels Measured on Days 1 and 28 in Dogs 
Treated with Hydrocodone Bitartrate and KP201 Daily

 Cmax (ng/mL) AUCinf (h*ng/mL)

Dose Day 1 Day 28 Day 1 Day 28

Treatment (mg/kg) M F M F M F M F
2.5 0.473 0.544 1.1 0.646 2.294 4.404 7.63 3.833
5 0.942 5.9 1.43 1.22 7.142 21.12 12.11 8.761KP201

15/10 10.3 12 2.37 3.11 66.16 119.1 20.3 24.39

HB 13/8.7 1.93 1.17 1.21 0.709 15.62 17.21 8.374 6.478

Table 46.  Dose Proportionality Ratios for Hydromorphone Expressed as the TK 
Value/Dose in Males and Females on Days 1 and 28

 Cmax (ng/mL) AUCinf (h*ng/mL)
Dose Day 1 Day 28 Day 1 Day 28

Treatment (mg/kg) M F M F M F M F
2.5 0.2 0.2 0.4 0.3 0.9 1.8 3.1 1.5
5 0.2 1.2 0.3 0.2 1.4 4.2 2.4 1.8KP201

15/10 0.7 0.8 0.2 0.3 4.4 7.9 2.0 2.4

KP201

The mean value for the time to the maximum concentration of KP201 ranged from 1 to 
2.33 hours following its administration Days 1 and 28.  The mean values for Cmax and 
AUCinf generally increased in a dose-related manner across sexes on the same days.  
At the high dose, mean values for Cmax ranged from 4.87 to 9.69 ng/mL on Day 1 (15 
mg/kg) and  1.76 to 3.6 ng/mL (10 mg/kg) on Day 28.  Mean values for AUCinf ranged 
from 41.56 to 42.86 h*ng/mL on Day 1 (15 mg/kg) and 7.826 to 14.48 h*ng/mL on Day 
28 (10 mg/kg).  Given that the mean values for both endpoints were markedly reduced 
on Day 28 compared to Day 1, the PT reviewer concluded that the metabolism of the 
parent drug was increased over time.  The values appeared to increase in a linear 
manner for Cmax across sexes at the mid dose on Day 1 and the high dose on Day 28  
(see bold values, see table below).  For AUCinf, the values appeared to increase in a 
linear manner at the mid dose in both sexes on Day 1 and in females on Day 28.  
KP201 in dogs from the mid dose group (5 mg/kg) were approximately 2- to 4.6-fold 
higher on Day 28 compared to levels on Day 1, suggesting the accumulation of this 
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metabolite at the dose level tested.  In regard to mean half-live for KP201, the values 
increased in a dose-like manner on Day 1.  The mean value at the highest dose (15 
mg/kg) ranged from 8.83 to 29.94 hours (see table below).  In contrast, the values at 
the highest dose tested on Day 28 (i.e., 10 mg/kg) ranged from 4.05 to 6.17 hours).  
Based on these data the parent drug is estimated to be virtually eliminated ≤ 30.85 
hours following the administration of 10 mg/kg on Day 28.       

Table 47.  Mean KP201 Levels Measured on Days 1 and 28 in Dogs Treated with 
HB and KP201 Daily

 Cmax (ng/mL) AUCinf (h*ng/mL)

Dose Day 1 Day 28 Day 1 Day 28

Treatment (mg/kg) M F M F M F M F
2.5 0.687 1.22 0.279 0.664 2.025 2.72 1.268 3.846
5 0.775 1.97 3.6 4.01 5.105 9.607 8.202 10.27KP201

15/10 9.69 4.87 1.76 3.6 41.56 42.86 7.826 14.48

Table 48.  Dose Proportionality Ratios for KP201 Expressed as the TK Value/Dose 
in Males and Females on Days 1 and 28

 Cmax (ng/mL) AUCinf (h*ng/mL)
Dose Day 1 Day 28 Day 1 Day 28

Treatment (mg/kg) M F M F M F M F
2.5 0.3 0.5 0.1 0.3 0.8 1.1 0.5 1.5
5 0.2 0.4 0.7 0.8 1.0 1.9 1.6 2.1KP201

15/10 0.6 0.3 0.2 0.4 2.8 2.9 0.8 1.4

             
Dosing Solution Analysis
According to the Applicant’s report, homogeneity was confirmed and recovery of KP201 
and hydrocodone bitartrate from dosing formulation sample ranged from 81 to 105%.  
Given these findings, there were no apparent issues with the dosing solution.
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Methods
Doses: See figure below

Frequency of dosing: Once daily
Route of administration: Oral (PO) via gavage

Dose volume: 10 mL/kg
Formulation/Vehicle: Solution/Peg 400 and deionized water

Species/Strain: Rat/Sprague Dawley (NTac:SD®)  
Number/Sex/Group: 5 to 26 animals/sex/group

Age: 9 weeks old (Study Day 1)
Weight (Study Day 1): Males – 282.2 to 359.5 grams

Females – 187.2 to 267.4 grams 
Satellite groups: Yes 

Unique study design: Yes, tissues collected for assessment in Comet 
Assay (see Genetic Toxicology section) 

Deviation from study protocol: Yes.  These deviations did not impact the 
conclusions made by the Applicant and the 
reviewer.  

Figure 9.  Study Design Information for 28-Day Repeat-Dose Study in Rats
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Observations and Results

Mortality
Rats were observed twice per day (at least six hours separated each observation time) 
for morbidity and mortality.  There were four mortalities observed in KP201-treated 
animals and three mortalities in hydrocodone bitartrate-treated animals (see table 
below).  Of these rats, the death of four animals KP201-treated animals and two 
hydrocodone bitartrate-treated animals appear to be related to gavage injury.  In the 
absence of anatomical data in the two other rats, the deaths of F2808 (50 mg/kg, 
KP201) and M2740 (56 mg/kg, hydrocodone bitartrate) were attributed to the treatment 
(and/or its metabolites) given the dose-response relationship for lethality (i.e., both 
animals were in the high-dose groups) and the toxicologically significant decrease in 
overall body weight in M2740 on Day 22.  Note that the body weight values for F2808 
were not provided (death on Day 2).  
Table 49.  Summary of Notable Findings in Rats from the 28-Day Toxicology 
Study That Died prior to the Scheduled Necropsy

Anatomical
Pathology

Gavage
Error

Drug
Dose

(mg/kg) Rat #
Day of
Death

Overall
Body 

Weight as a 
Percentage 
of Control**

Clinical 
Signs Site Finding

Applican
t

Call

PT
Call

0 F2573 7 101 Lungs Congestion
(mild) Yes Yes

Lungs Congestion 
(mild)12.5 F2603 24 106

None

Thoracic
Cavity Red fluid

No Yes

Lungs Congestion 
(mild)

M2540 26 90 None
Esophagus 

Gavage 
Trauma 
(mild)

No Yes

KP201

50

F2808* 2 - - - - No No

M2561 2 103 None Lungs Congestion 
(moderate) No Yes

M2724* 23 84 Yes YesHB 56

M2740* 25 74 - - - No No
*TK group
**Body weights represent last measurement prior to death 
“-“ Indicates that no data are available

Clinical Signs
Rats were observed twice per day (at least six hours separated each observation time) 
for clinical signs.  Decreased motor activity was observed in males across the treatment 
group; however, there was no clear dose-response relationship since the number of 
animals that exhibited this effect was greatest in the group administered the lowest dose 
of KP201 (12.5 mg/kg).  Therefore, this clinical sign was not deemed toxicologically 
significant.  
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Body Weights
Body weight in rats was measured prior to treatment on Day 1 and twice weekly 
thereafter.  The mean body weight and body weight gain were decreased in a dose-
related manner in KP201-treated rats.  Toxicologically significant decreases were 
observed in the mean body weight in males from the high-dose group (50 mg/kg) on 
Treatment Day 22 and Recovery Days 5 and 8.  These values returned to control levels 
by Recovery Day 12.  Across sexes, toxicologically significant decreases were observed 
in the mean percent weight gain at all dose levels on Days 1 to 29 and 1 to 43, findings 
that suggest that recovery did not  occur up to 15 days following the termination of 
treatment.  These alterations were consistent with that observed in rats treated with 
hydrocodone (56 mg/kg).    
      
Food Consumption
Food consumption by rats was measured on Days 1, 8, 15, 22, 29, 36, and 43.  
Although the mean food consumption was decreased in a dose- and time-related 
manner across sexes, the duration of the effect appeared to be greater in males.  For 
example, the mean food consumption was decreased 13 to 23% in females on Days 1 
to 8 across the dose groups.  In males, the values for food consumption were 
decreased 12 to 23% on Days 1 to 8 across the dose groups, 12 to 19% on Days 8 to 
15 at the middle (25 mg/kg) and high doses (50 mg/kg), and 11 to 14% on Days 15 to 
22 or later time points (except Days 22 to 29) at the high dose.  Food consumption was 
also decreased in hydrocodone-treated animals; however, these alterations appeared 
most pronounced on Days 1 to 8 (both sexes) and 8 to 15 (males).  Overall, given that 
the magnitude of the decreases in food consumption are relatively small there is no 
clear evidence that this effect is toxicologically significant, despite the marked 
alterations in overall body weight and body weight gain at the doses mentioned.  
Alterations in food consumption can be monitored in clinical settings.
          
Ophthalmoscopy
Indirect ophthalmologic examinations were conducted prior to randomization of rats to 
treatment groups and once during Week 4.  There were no test article-related 
ophthalmic lesions in the treated rats.  

Electrocardiogram (ECG)
ECG endpoints were not measured in treated rats.  

Clinical Pathology Evaluation

Blood samples collected from rats were used to measure hematology, coagulation, and 
serum chemistry parameters.  Animals were fasted overnight and anesthetized via CO2 
(70%) and O2 (30%) inhalation prior to the collection of samples at terminal sacrifice on 
Day 29 or recovery sacrifice on Day 43.  The blood sample volume collected to evaluate 
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the mentioned parameters did not exceed 1000 mcL per rat.  Urine samples were 
collected overnight within 16 to 24 hours prior to sacrifice of fasted rats provided water 
ad libitum.    
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Table 50.  Information Related to Clinical Pathology Evaluation Conducted in Rats
Hematology

Erythrocyte Count Mean corpuscular volume
Hematocrit Mean Platelet Volume 
Hemoglobin Platelet count

Leukocyte count, total, and 
differential Reticulocyte count

Mean corpuscular 
hemoglobin

Mean corpuscular 
hemoglobin concentration

Red Cell Distribution of 
Width

Coagulation
Activated partial thromboplastin time

Prothrombin time

Clinical chemistry
Alanine aminotransferase Creatinine Kinase

Albumin Globulin
Albumin/globulin ratio Glucose
Alkaline phosphatase Phosphorus

Aspartate aminotransferase Potassium
Blood Urea Nitrogen Sodium

Calcium Total bilirubin
Chloride Total Cholesterol
Creatine Total protein

Urinalysis
Appearance Protein 

Volume Glucose
Specific Gravity Blood

Examination of Sediment
pH Osmolality

Hematology
There were no toxicologically significant alterations in the hematology endpoints 
evaluated in rats treated with either KP201 or the comparator hydrocodone.
Coagulation
There were no toxicologically significant alterations in the coagulation endpoints 
evaluated in rats treated with either KP201 or the comparator hydrocodone.
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Clinical Chemistry
There were no toxicologically significant alterations in the clinical chemistry endpoints 
evaluated in rats treated with either KP201 or the comparator hydrocodone.

Urinalysis
There were no toxicologically significant alterations in the urinalysis endpoints evaluated 
in rats treated with either KP201 or the comparator hydrocodone.

Terminal Procedures and Anatomic Pathology (Groups 1-5)

Surviving rats were euthanized by CO2 asphyxiation following terminal blood collection 
on either study Day 29 (Main Study groups) or 43 (Recovery groups).  The remains of 
animals were prepared and examined for macroscopic and microscopic findings.  As 
part of the examination of the remains of animals, a variety of organs (see the table 
below) were weighed before fixation, and after dissection of excess fat and other excess 
tissues.  Paired organs were weighed together unless gross abnormalities were 
present, in which case they were weighed separately.  Alterations in organ weights were 
evaluated by determining organ-to-body weight ratios and organ-to-brain weight ratios.  
In regard to the microscopic examination of the remains of euthanized animals, tissues 
listed in Table 28 were preserved in 10% neutral buffered formalin.  The collected 
tissues were processed to paraffin blocks and prepared to slides.  The slides were 
stained with hematoxylin and eosin.       
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Table 51.  Organs Collected from Treated Rats and Weighed
Organs

Adrenal Glands Spleen
Brain Testes
Heart Thymus

Kidneys Ovaries
Liver

Table 52.  Tissues Collected from Treated Rats
Tissues

Cardiovascular Skin/Musculoskeletal
Aorta Skin from mammary area 

(♂/♀)
Heart Mammary gland (♀)
Digestive Skeletal muscle (thigh)
Salivary gland Bone (femur and sternum)
Esophagus Respiratory
Stomach Trachea
Small intestine
– duodenum
– jejunum
– ileum

Lung and bronchi

Large intestine
- cecum
- colon

rectum

Nasal Cavity

Endocrine Urogenital
Adrenals Kidneys 
Pituitary Urinary bladder
Thyroid/parathyroid Ovaries

Lymphoid/hematopoietic

Uterus

Bone marrow 
(femur and sternum) 

Vagina

Thymus Testes
Spleen Epididymides
Lymph Nodes
– Mandibular
– Mesenteric

Prostate

Nervous/Special Sense Seminal vesicles
Eyes Other
Sciatic nerve Gross lesions
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Tissues
Brain Liver
Spinal cord
– cervical
– thoracic
– lumbar

Hardarian gland

Pancreas

Gross Pathology
There were no test article-related macroscopic findings following daily treatment with 
either KP201 or hydrocodone in rats that survived to the scheduled necropsy.  

Organ Weights
There were no toxicologically significant alterations in the organ weights following daily 
treatment with either KP201 or hydrocodone in rats that survived to the scheduled 
necropsy.

Histopathology
There were no test article-related microscopic findings following daily treatment with 
either KP201 or hydrocodone in rats that survived to the scheduled necropsy.  Note that 
the PT reviewer concurred with the Applicant’s conclusion that findings such as necrosis 
in the liver (mild) of a male treated with the high dose of KP201 (50 mg/kg; necropsy 
Day 29) and bilateral degeneration in the testes of another male treated with 
hydrocodone (56 mg/kg; Necropsy Day 43) were either spontaneous or incidental, 
particularly when considering the low incidence of this finding across the treatment 
groups.           

Special Evaluation
The following organs were collected and processed for use in the comet assay (see 
below):

 liver
 glandular stomach
 duodenum
 jejunum

The results of this study are discussed below in the Genetic Toxicology section.  
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Toxicokinetics
Toxicokinetic endpoints in rats were measured from plasma samples obtained from 
whole blood samples collected from animals in Groups 2-5.  Samples (0.6 mLs each) 
were collected at 0 hours pre-dose; as well as at 0.5, 1, 2, 4, 8, 12, and 24 hours post-
dose from the retro orbital sinus.  The plasma was separated from the whole blood by 
spinning the original sample via a centrifuge and stored in tubes containing citric acid.  
In the text below, the toxicokinetic endpoints measured are discussed and their mean 
values for the groups tested are presented.  

Hydrocodone

The mean value for the time to the maximum concentration of hydrocodone ranged from 
0.5 to 2 hours following the administration of KP201 on Days 1 and 27.  The mean 
values for Cmax and AUCinf increased in a dose-related manner across sexes on the 
days mentioned.  At the high dose (50 mg/kg), the values for Cmax ranged from 27.3 to 
59.5 ng/mL on Day 1 and 48 to 57.5 ng/mL on Day 27 of treatment with KP201.  Mean 
values for AUCinf ranged from 116 to 181.8 h*ng/mL on Day 1 and 172.8 to 213.7 
h*ng/mL on Day 27.  The values generally increased in a linear manner for both 
endpoints (see table below).  There was no substantial accumulation of hydrocodone 
across the study days.  In regard to mean half-life for hydrocodone, the values ranged 
from 2.11 to 13.84 on Days 1 and 27.  Based on the values for hydrocodone in rats from 
the high-dose group on Day 27 this metabolite is estimated to be virtually eliminated ≤ 
22.75 hours following the administration of KP201 (50 mg/kg).       

Table 53.  Mean Hydrocodone Levels Measured on Days 1 and 27 in Rats Treated 
with Hydrocodone Bitartrate and KP201 Daily

 Cmax (ng/mL) AUCinf (h*ng/mL)

Dose Day 1 Day 27 Day 1 Day 27

Treatment (mg/kg) M F M F M F M F
12.5 18.7 14 6.53 16.1 35.52 46.34  29.75
25 18.7 19.5 17.1 31.8 68.67 102.4 75.86 94.5KP201
50 59.5 27.3 48 57.5 116 181.8 172.8 213.7

HB 56 25.2 31.7 52.4 74.7 110.2 176.8 197.2 292

Table 54.  Dose Proportionality Ratios for Hydrocodone Expressed as the TK 
Value/Dose in  Rats on Days 1 and 27

 Cmax (ng/mL) AUCinf (h*ng/mL)

Dose Day 1 Day 27 Day 1 Day 27

Treatment (mg/kg) M F M F M F M F
12.5 1.5 1.1 0.5 1.3 2.8 3.7  2.4

KP201
25 0.7 0.8 0.7 1.3 2.7 4.1 3.0 3.8
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Table 56.  Dose Proportionality Ratios for Hydromorphone Expressed as the TK 
Value/Dose in Rats on Days 1 and 27

 Cmax (ng/mL) AUCinf (h*ng/mL)

Dose Day 1 Day 27 Day 1 Day 27

Treatment (mg/kg) M F M F M F M F
12.5 0.3 0.4 0.9 0.6 2.8 2.9 4.0 2.6
25 0.3 0.7 0.7 0.7 2.5 4.2 3.5 3.0KP201
50 0.4 0.3 0.9 0.6 3.0 3.1 4.6 3.5

KP201

The mean Tmax of KP201 ranged from 0.5 to 8 hours following its administration Days 1 
and 27.  The mean values for Cmax and AUCinf generally increased in a dose-related 
manner across sexes on the same days.  These values in males were markedly higher 
than those in females, which provided evidence that there was a sex related difference 
in exposure to KP201 in rats (see table below).  Also, the values across sexes on Day 
27 were markedly lower than those on Day 1, which suggests increased metabolism of 
the parent over time.  In regard to the mean half-life for KP201, its value was only 
measured in males at the low dose on Day 1 and the high dose on Days 1 and 27.  In 
particular, the value in males from the high dose ranged from 5.09 to 7.4 hours.  
Therefore, KP201 is estimated to be virtually eliminated ≤ 37 hours following the 
administration of the highest dose in males (50 mg/kg).       

Table 57.  Mean KP201 Levels Measured on Days 1 and 27 in Rats Treated with 
HB and KP201 Daily

 Cmax (ng/mL) AUC0-24 (h*ng/mL) AUC0-t (h*ng/mL)

Dose Day 1 Day 27 Day 1 Day 
27

Day 
1 Day 27

Treatment (mg/kg) M F M F M F M F M F M F
12.5 4.42 0.471  0.315 2.729 0.45      0.1575
25 9.76 0.932 0.041 0.258 13.47 0.9499     0.1792 0.1292KP201
50 29.5 2.81 0.162 0.0553 20.28 3.471     0.2289 0.09259

Table 58.  Dose Proportionality Ratios for KP201 Expressed as the TK Value/Dose 
in Rats on Days 1 and 27

 Cmax (ng/mL) AUC0-24 (h*ng/mL) AUC0-t (h*ng/mL)

Dose Day 1 Day 27 Day 1 Day 
27 Day 1 Day 27

Treatment (mg/kg) M F M F M F M F M F M F
12.5 0.354 0.038  0.025 0.218 0.036      0.013
25 0.390 0.037 0.002 0.010 0.539 0.038     0.007 0.005KP201
50 0.590 0.056 0.003 0.001 0.406 0.069     0.005 0.002
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Dosing Solution Analysis
According to the Applicant’s report, homogeneity was confirmed and recovery of KP201 
and hydrocodone bitartrate from dosing formulation sample ranged from 97.7 to 109%.  
Given these findings, there were no apparent issues with the dosing solution.
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Methods
Strains: See the figure below

 Concentrations in 
definitive 

study:
See the table below

Basis of concentration 
selection:

Concentration selection was based on the following guidelines:

– The concentrations were selected such that 
precipitate, if observed, did not interfere with 
manual scoring.

– The highest concentration produced toxic effects, 
as demonstrated by a >50% reduction in the 
mean number of revertants per plate when 
compared to the vehicle control and/or at least a 
moderate reduction in the background lawn (i.e., 
background code 3, 4, or 5).  

– The highest concentration of test article selected 
did not exceed 5 mg/plate.

Note that a minimum of five concentrations of KP201 were 
employed, at least three of which had to be nontoxic.  

Negative control: Dimethyl sulfoxide (DMSO)
Positive control: See the figure below

Formulation/Vehicle: Dimethyl sulfoxide (DMSO)
Incubation & sampling 

time:
The Applicant  incubated the plates for 24 to 72 
hours.  Note that tester strain cultures titers were ≥ 
0.3x109 cells/mL.  

AExcerpt from Applicant’s study protocol (see Volume 13, page 37)
BExcerpt from Applicant’s study protocol (see Volume 13, page 40)

Evaluation of results

According to the study protocol, the test article must cause a dose-related increase in 
the mean revertants per plate of at least one tester strain over a minimum of two 
increasing concentrations of the test article; and this increase, at the peak of the dose 
response, must be ≥ 2X in the TA98, TA100, and WP2uvrA strains and ≥ 3X in TA 1535 
and TA 1537 strains when compared to the vehicle control to meet the criteria for a 
positive mutagenicity finding.
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Figure 10.  Tester Strains Employed, with Mutations Noted

Figure 11.  Concentrations of the Positive Controls Employed in the Study

 

Table 59.  Concentrations of KP201 Employed in the Confirmatory Study

Strain S9 Concentration (mcg/plate)
TA100 Rat 15, 50, 150, 500, 1500, and 5000

None 5, 15, 50,150, 500, 1500, and 5000
TA98 Rat 15, 50, 150, 500, 1000, 1500, 2500 and 5000

None 15, 50, 150, 500, 1500, and 5000
TA1535 Rat 15, 50, 150, 500, 1500, and 5000

None 15, 50, 150, 500, 1500, and 5000
TA1537 Rat 15, 50, 150, 500, 1000, 1500, 2500 and 5000

None 15, 50, 150, 500, 1500, and 5000
WP2uvrA Rat 5, 50, 150, 500, 1500, and 5000

None 5, 50, 150, 500, 1500, and 5000

Study Validity
In order for the initial toxicity-mutation and confirmatory mutagenicity assays to be 
considered valid the following criteria must be met:

 Tester strain integrity must be demonstrated.
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 Tester strain cultures (all) must exhibit characteristic numbers of spontaneous 
revertants per plate in the vehicle controls, based on historical data.

 Tester strain culture titers must be equal to or greater than 0.3 x 109 cells per 
milliliter.

 Positive control values must exhibit at least a 3-fold increase over the 
respective mean, negative control value for each tester strain. 

 Toxicity must be exhibited by a >50% reduction in the mean number of 
revertants per plate relative to the mean vehicle control value (note that an 
abrupt dose-dependent drop in the revertant count must accompany this 
reduction).

Note that a minimum of three non-toxic concentration levels were required to evaluate 
the assay data.  Given the mentioned criteria, the Reviewer concurred with the 
Applicant that the study was valid.  

Results
Based on the criteria established, KP201 did not produce evidence of mutagenic 
potential in the tester strains at the amounts tested in the confirmatory tests 
(Experiments B2 and B3).  At these amounts, KP201 decreased the revertant count to ≥ 
50% when compared to control (see table below).  Note that tester strain TA98 was 
reportedly not evaluated in experiment B2 because of unacceptable vehicle control 
values.  Tester strain TA98 was evaluated in experiment B3 and no positive mutagenic 
effects were observed.  Across experiments B2 and B3, precipitate was not observed at 
the concentrations evaluated.    
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Table 60.  Amounts of KP201 that Produced Toxicity in Various Tester Strains

Tester
Strain S9

Amount (mcg)
toxicity

observed at
TA98 - ≥ 500

+ ≥ 2500
TA100 - ≥ 1500

+ 5000
TA1535 - ≥ 500

+ 5000
TA1537 - ≥ 500

+ 5000
Wp2uvrA - 5000

+ ≥ 1500
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treatment.  Note that this post treatment harvest time 
reportedly represents approximately 1.5 normal cell cycles and 
was selected by the Applicant to ensure that the cells are 
analyzed in the first division metaphase after the initial 
treatment.  

Figure 12.  Concentrations Used in the Initial Chromosome Aberration Assay (B1)

Figure 13.  Concentrations of KP201 Employed in the First Repeat Chromosome 
Aberration Assay (B2)

Figure 14.   Concentrations of KP201 Employed in the Second Repeat 
Chromosome Aberration Assay (B3)

Study Validity
The assay was deemed valid based on the information below.

1. Appropriate cell line employed

2. Exogenous metabolizing system employed (e.g., S9) in cells which have an 
inadequate endogenous metabolic capacity 

3. Negative control treatment group observed with an incidence of cells with 
chromosome aberrations that is within the 95% control limits of the distribution of 
the laboratory’s historical control distribution.  

Reference ID: 3940782



NDA 208653 Reviewer: Marcus S. Delatte, PhD

109

4. Positive control treatment group observed with an incidence of cells with 
chromosome aberrations that is statistically higher that of the negative control 
group 

a. Top treatment concentrations in the definitive test produced ≤ 55±5% 
cytotoxicity    

5. Several treatment levels were employed in the definitive study

6. Experimental conditions should include a short term treatment (±S9) and long 
term treatment (-S9) 

Results
KP201 was demonstrated to be positive for the induction of structural chromosomal 
aberrations in the S9-activated test system; whereas it was deemed negative for the 
induction of numerical chromosome aberrations in both test systems, as well as for the 
induction of structural chromosome aberrations in the non-activated system (see the 
figures below, excerpts from the Applicant’s Report).  In regard to the positive finding, 
KP201 in the S9-activated four-hour exposure group significantly increased structural 
aberrations (15%) relative to solvent control at 200 mcg/mL (p≤ 0.05).  Given that this 
statistically significant increase was only observed at the highest concentration 
evaluated and not at the two lower concentrations, the Reviewer deemed that the 
positive finding was dose-related, which is consistent with the Applicant’s finding that 
the Cochran-Armitage test was positive for a dose response (p≤ 0.05).  Note that across 
the initial and two repeat chromosome aberration assays conducted the pH of the 
highest concentrations (≤ 300 mcg/mL) evaluated were measured at seven, which 
suggests that pH alone was not likely responsible for the positive findings only observed 
in the S9-activated group.  In regard to hydrocodone, an active metabolite of KP201, the 
Applicant noted that the metabolite produced negative findings in the Ames assay and 
acknowledged that there are no published studies evaluating its clastogenic potential.  
The Applicant also noted that benzoic acid has been evaluated under numerous genetic 
assays and reported to be negative for genotoxicity.  Based on this information, the 
Applicant suggested that benzoic acid does not have mutagenic potential; but did not 
comment about its clastogenic potential.  Given such findings, the Applicant concluded 
that the hydrocodone portion of the KP201 molecule is the contributory factor to the 
positive chromosomal aberration assay in the presence of S9 metabolizing enzymes, 
but acknowledged that there may be other factors that contribute to the positive findings 
observed.  
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Figure 15.  Summary of Findings for the Four Hour Exposure Group without S9 
Activation
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Figure 16.  Summary of Findings for the Four Hour Exposure Group with S9 
Activation (B2 assay)
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Figure 17.  Summary of Findings for the Twenty Hour Exposure Group without S9 
Activation
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See below for the criteria proposed by the Applicant for valid tests.

The Micronucleus assay was considered valid based on the information below..

1. Bone marrow evaluated was obtained from the femurs of animals

2. Positive and negative controls were employed

3. Positive control increased micronuclei above background levels 

4. Vehicle control values for group mean MPCE/2000 PCE was within the historical 
control range 

5. The top dose evaluated did not exceed 2000 mg/kg (daily for 2 days)

6. At least 2000 immature erythrocytes per animal were scored for the incidence of 
micronucleated immature erythrocytes

7. Slides were prepared with an appropriate stain (acridine orange, DNA specific 
stain)

The Comet assay was considered to be valid based on the following:

1) Positive and negative controls were employed

2) The percent tail DNA in the negative and positive controls was within the pre-
established laboratory background range for each individual tissue and sampling 
time for the species tested 

3) Several dose levels were employed (including the MTD)

4) The highest dose tested was selected based on a dose-range findings study and 
determined to be the MTD in the test species.

5) Slides were stained with an appropriate fluorescent stain 

Results

Dose Finding Study

Clinical Signs/Mortality.  Sprague Dawley rats orally administered the prodrug KP201 
(25, 50, 100, 200, or 400 mg/kg) and the comparator drug hydrocodone bitartrate (28, 
56, 112, 225, or 450 mg/kg) exhibited toxicologically significant clinical signs in a dose-
related manner.  For example, rats were found dead after treatment with 400 mg/kg of 
KP201 and ≥ 112 mg/kg of hydrocodone bitartrate (see the table below).  All of the rats 
were found dead after a single treatment (i.e., Day 1), except for a female from the 225 
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mg/kg hydrocodone bitartrate group (Day 2).  Also, rats administered KP201 at ≥ 100 
mg/kg exhibited toxicologically significant signs that included 
gasping/twitching/paddling.  Rats treated with either ≥ 50 mg/kg of KP201 or ≥ 56 mg/kg 
of hydrocodone bitartrate exhibited lethargy and/or piloerection.  Separately, female rats 
administered hydrocodone bitartrate were observed with in a hunched position 
(n=2/dose) at 225 mg/kg and prostrate position (n=1) at 450 mg/kg.      

Together, these findings in rats demonstrated that ≥ 100 mg/kg of KP201 or ≥ 112 
mg/kg of hydrocodone bitartrate (HB) are not tolerable doses based on the observation 
of mortality or toxicologically significant clinical signs.    
Table 61.  Deaths Reported in Rats Administered KP 201 and Hydrocodone 
Bitartrate in The Dose Finding Studies for In Vivo Clastogenicity Assay in Rodent 
(Micronucleus Assay).

# of Animals
Found Dead

Drug
Dose

(mg/kg) Male Female
KP201 400 1/3 0/3

112 1/3 0/3
225 1/3 1/3Hydrocodone Bitartrate
450 1/3 1/3

Body Weight.  The mean body weights measured in rats administered either KP 201 or 
HB were not altered in a toxicologically significant manner.

Body Temperature.  The mean body temperature in rats administered KP201 or 
hydrocodone bitartrate generally increased across groups, but there were instances in 
which it was decreased.  These alterations were not dose-related, but appeared to be 
somewhat time-related in treated rats.  The time to the peak change in the mean body 
temperature measured in treated rats ranged from 0.5 to 8 hours.  Although the 
magnitude of these alterations varied across groups, the percentage of change never 
exceeded 7.6%, regardless of the direction of the effect.  

Conclusions.  Based on the findings submitted, the Applicant deemed that the 
Maximum Tolerated Dose (MTD) was 25 mg/kg of KP201 and 28.1 mg/kg of HB.  The 
PT Reviewer concurred with the conclusion that 25 mg/kg of KP201 should be the MTD 
in rats; especially when considering that rats from the 50 mg/kg group in the 14-Day 
repeat-dose toxicology study (GLP) were observed with paws that were swollen and 
bitten (evidence of self-mutilation) on Day 2 or later.  In regard to HB, the PT Reviewer 
did not concur with the Applicant’s conclusion that 28 mg/kg should be considered the 
MTD in rats; particularly since rats from the 56 mg/kg group in the dose-range finding 
study exhibited lethargy and piloerection, clinical signs that are non-lethal.  Overall, the 
PT Reviewer deemed that the proposed MTD dose for KP201 was acceptable.

Definitive Study
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Given that findings from the dose-ranging studies suggested that there were no marked 
sex differences in the clinical signs of toxicity exhibited by rats, the Applicant employed 
only male rats in the definitive study.  These findings were consistent with that observed 
in the 14-day repeat-dose toxicology study (GLP) discussed above; however, kinetics 
data in this general toxicology study provided evidence that there were notable sex-
related differences in the exposure levels of the hydrocodone metabolites following 
treatment with KP201 at 25 mg/kg.  For example, the mean Cmax and AUClast for the 
hydrocodone metabolite in females were 2- to 3-fold higher than that in males from the 
same dose group.  Based on these sex-related differences in the exposure levels of 
hydrocodone following treatment with 25 mg/kg of KP201 at Day 1 of the repeat-dose 
toxicology study, the PT Reviewer originally concluded that an in vivo toxicology studies 
using the same dose as the MTD should employ both male and female rats when these 
findings were reviewed under the original IND.  Therefore, another in vivo comet assay 
(see Section 7.4 below) was conducted to address this issue and to include additional 
tissue types for analysis.  See below for a discussion of the findings in males tested in 
the current study.               

Clinical Signs/Mortality.  There were no deaths or clinical signs observed in rats 
treated with either KP201 or hydrocodone bitartrate.  

Body Temperature.  The mean body temperature in rats administered either KP201 (1, 
10, or 25 mg/kg) and hydrocodone bitartrate (1.1, 11.2, or 28.1 mg/kg), separately was 
increased (i.e., hyperthermia) in a dose-related manner.  Across the groups, 
hyperthermia peaked at 1-5 h post treatment.  At the top doses for either KP201 (25 
mg/kg) or hydrocodone bitartrate (28.1 mg/kg), body temperature was increased 4.9 to 
7.3% (1.8 to 2.7°C) at time points in which the peak levels were measured.  These data 
provide evidence that KP201 and hydrocodone bitartrate increased body temperature 
by up to 2.1°C at 1-5 h post treatment.    

Bone Marrow Analysis and % Tail DNA in Liver Cell Analysis.  Male rats 
administered either KP201 or HB daily for three days were not observed with bone 
marrow toxicity or DNA damage in liver cells at the doses tested in the definitive study.  
See the figures below for the mean values measured across the treated groups.  Note 
that the positive controls produced the effects expected under the test conditions 
employed.  Based on these data in male rats, the test article KP201 and the comparator 
drug hydrocodone bitartrate were deemed negative by the Applicant at doses that are 
pharmacologically active.    

Reference ID: 3940782



NDA 208653 Reviewer: Marcus S. Delatte, PhD

117

Figure 18.  Summary of Bone Marrow Analysis Following Daily Administration of 
Either KP201 or Hydrocodone Bitartrate for Three Days
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Figure 19.  Summary of Percent Tail DNA in Liver Cells from Rats Administered 
either KP201 of Hydrocodone Bitartrate Daily for Three Days 
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There was no evidence of DNA damage in cells (from tissues that include the liver, 
duodenal, and jejunum) obtained from rats orally administered either KP201 (12.5, 25, 
or 50 mg/kg) or hydrocodone bitartrate (56 mg/kg) daily for 28 days.    

Methods
Doses in definitive study: See the figure below

Frequency of dosing: Once daily
Route of administration: Oral (PO) via gavage

Dose volume: 10 mL/kg
Formulation/Vehicle: KP201 was dissolved in 50% PEG-400 and 

deionized water
Species/Strain: Rat/Sprague Dawley

Number/Sex/Group: 5 to 25 animals/sex/group
Satellite groups: Yes

Basis of dose selection: Based on findings from 14-Day Oral Repeat-
Dose Toxicology study in rats (study 
0437RK19.002)

Negative control: 50% PEG-400 dissolved in deionized water  
Positive control: Ethyl methanesulfonate (EMS; 200 mg/kg 

treatment on Study Day 29 only)
Tissues Evaluated: Liver, glandular stomach, duodenum, and 

jejunum
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Figure 20.  Study Design Information

Study Validity
The Comet assay was considered to be valid by the PT Reviewer based on the 
following:

1) Positive and negative controls were employed

2) The percent tail DNA in the negative and positive controls should be within the 
pre-established laboratory background range for each individual tissue and 
sampling time for the species tested 

3) Several dose levels were employed (including the MTD)
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4) The highest dose tested was selected based on a dose-range findings study and 
determined to be the MTD in the test species.

5) 100 cells scored per tissue per animal

6) Slides are stained with an appropriate fluorescent stain 

Results
The test article was deemed negative in the comet assay given that the % tail DNA 
values in the cells tested (i.e., via liver, glandular stomach, duodenum, and jejunum 
tissues) did not exceed that for the negative control and historical controls.
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Figure 21.  Findings from Comet Assay Conducted in Rats from the 28-Day 
Repeat-Dose Toxicology Study
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8 Carcinogenicity
Carcinogenicity studies were not required to support the safety of KP201 since it will be 
indicated for acute treatment of pain.  Neither the Vicoprofen product nor the Ultracet 
product referenced contain carcinogenicity findings in the approved labels.  There are 
published findings from carcinogenicity studies that evaluated acetaminophen (≤ 6000 
mg/kg) in mice and rats treated for up to 104 weeks.  The findings from the mouse and 
rat carcinogenicity studies conducted by the NTP to evaluate acetaminophen (APAP) 
will be included in the product label.  These findings are reviewed and summarized in 
the Appendix (written by R. Daniel Mellon, PhD).    
      

9 Reproductive and Developmental Toxicology
Standardized reproductive and developmental toxicology studies evaluating the 
components of the drug product (benzyhydrocodone,and APAP) were not conducted.  
The published findings from studies that evaluated APAP in reproductive and 
developmental toxicology studies are reviewed and summarized in the Appendix 
(written by R. Daniel Mellon, PhD).  There are no adequate published data on 
hydrocodone effects on reproductive and developmental toxicity. 

Since systemic levels of KP201 were not detected in the clinical studies, and benzoic 
acid is considered GRAS, and the levels of hydrocodone do not exceed the levels in the 
referenced drug product labeling, new reproductive and developmental toxicity studies 
cannot be required as per OND policy.
      

10 Special Toxicology Studies
Special toxicology studies were not conducted to evaluate KP201.

11 Integrated Summary and Safety Evaluation

NDA 208653 for benzhydrocodone/acetaminophen was submitted via the 505(b)(2) 
regulatory pathway with Vicoprofen (NDA 20716) and Ultracet (NDA 21123) as the 
referenced products to support an acute pain indication.  Therefore, no new nonclinical 
studies with acetaminophen or the combination were required for this NDA given the 
lack of measurable exposure to KP201 at the dose levels tested (see Clinical 
Pharmacology Reviewer’s review) and the exposure to hydrocodone and APAP via this 
drug product does not exceed that of the reference drugs and FDA-approved 
comparable generic drug products, as per OND policy.  The only studies required were 
the original oral repeat-dose toxicology studies and genetic toxicology studies that 
evaluated KP201 and its comparator drug hydrocodone bitartate.  Notable toxicities 
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were observed in the oral repeat-dose toxicology studies in rats and dogs, as well as 
positive findings in the in vitro chromosome aberration test in mammalian cells.  

In terms of general toxicity, a LOAEL was established in dogs at 10 mg/kg based on 
the observation of clinical signs (the reduction of activity and exhibition of rigid body 
tone, ≥ 2.5 mg/kg) across sexes and the significant reduction in values for body weight 
and food consumption in males (15/10 mg/kg) in the pivotal 28-Day oral repeat-dose 
toxicology study.  A NOAEL was established in rats at 25 mg/kg based on a treatment-
related mortality at 50 mg/kg of KP201 (human equivalent dose of 242 mg per 60 kg 
person based on body surface area) in the pivotal 28-day oral repeat-dose toxicology 
study.  Across species, the toxicity profile in KP201-treated animals overlapped with that 
in hydrocodone bitartrate-treated animals, which provides evidence that the toxicity 
profile of the prodrug overlaps with its drug comparator.  Based on the exposure levels 
observed at the NOAEL/LOAEL in these animals the rat appears to be the most 
sensitive species tested (see table below).  Note that hydrocodone exposure levels in 
the rat were markedly lower than that measured on Day 4 of the multiple-dose clinical 
trial evaluating KP201 (no comparator).  This difference is not a concern given that the 
levels  of hydrocodone (and hydromorphone) measured following the administration of 
KP201 were deemed bioequivalent to those measured following the administration of 
Norco (comparator drug) in clinical studies conducted by the Applicant and comparable 
Cmax levels were reported in the approved label for the hydrocodone component of 
hydrocodone (i.e., 27 ng/mL).  The excipients used in the 
benzhydrocodone/acetaminophen formulation do not pose any toxicologic concerns 
when the product is used at levels up to the maximum theoretical daily dose of 4 g of 
APAP.  There are no unique nonclinical issues with this prodrug compared to its 
comparator hydrocodone bitartrate (see approved hydrocodone combination products); 
therefore, from nonclinical pharmacology toxicology perspective, this NDA may be 
approved for marketing.     
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Table 62.  Proposed Safety Margins for Hydrocodone and Hydromorphone

      Safety Margins

   Hydrocodone Based on a Clinical

 Treatment   Day 27/28 Dose of KP201 (Day 4)*
 Duration Tox Dose Cmax AUCinf Cmax AUCinf

Species (days) Call (mg/kg)  (ng/mL)
 

(h*ng/mL)  (ng/mL)  (h*ng/mL)
Rat 14 NOAEL 25 26.60 35.30 0.42 0.08

 28   24.45 85.18 0.39 0.20
Dog 14 LOAEL 10 71.35 337.00 1.14 0.78

 28   153.50 740.45 2.44 1.71

      Safety Margins

   Hydromorphone Based on a Clinical

 Treatment   Day 27/28 Dose of KP201 (Day 4)*
 Duration Tox Dose Cmax AUCinf Cmax AUCinf

Species (days) Call (mg/kg)  (ng/mL)
 

(h*ng/mL)  (ng/mL)  (h*ng/mL)
14 29.35 41.80 53.56 7.40Rat
28

NOAEL 25
37.20 200.00 67.88 35.43

14 1.60 5.80 2.92 1.03Dog
28

LOAEL 10
2.74 22.35 5.00 3.96

Reference ID: 3940782



NDA 208653 Reviewer: Marcus S. Delatte, PhD

138

12 Appendix/Attachments

Nonclinical Recommendations for Acetaminophen Rx Labeling

The following labeling recommendations for acetaminophen are based upon a review of 
the literature completed by R. Daniel Mellon, PhD in 2010. 
 

Recommended Labeling Rationale/Comment
8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy 
Nonclinical Risk Summary Statement 
(Human data to be provided by 
Maternal Health Review Team)
Reproductive and developmental studies 
in rats and mice from the published 
literature identified adverse events at 
clinically relevant doses with 
acetaminophen.  Treatment of pregnant 
rats with doses of acetaminophen 
approximately equal to the maximum 
human daily dose (MHDD) showed 
evidence of fetotoxicity and increases in 
bone variations in the fetuses.  In another 
study, necrosis was observed in the liver 
and kidney of both pregnant rats and 
fetuses at doses approximately equal to 
the MHDD. In mice treated with 
acetaminophen at doses within the clinical 
dosing range, a reduction in number of 
litters of the parental mating pair was 
observed as well as retarded growth and 
abnormal sperm in their offspring and 
reduced birth weight in the next 
generation.

The proposed risk summary statement is 
based on the data in the animal data 
section below.

Animal Data
Studies in pregnant rats that received oral 
acetaminophen during organogenesis at 
doses up to 0.85 times the maximum 
human daily dose (MHDD = 4 grams/day, 
based on a body surface area comparison) 
showed evidence of fetotoxicity (reduced 
fetal weight and length) and a dose-related 
increase in bone variations (reduced 
ossification and rudimentary rib changes).  

The statement regarding bone effects in 
the rat model represents collective review 
of the data reported in the studies from 
Burdan (2000, 2001, and 2003).  
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Recommended Labeling Rationale/Comment
Offspring had no evidence of external, 
visceral, or skeletal malformations.  

When pregnant rats received oral 
acetaminophen throughout gestation at 
doses of 1.2-times the MHDD (based on a 
body surface area comparison), areas of 
necrosis occurred in both the liver and 
kidney of pregnant rats and fetuses.  
These effects did not occur in animals that 
received oral acetaminophen at doses 0.3-
times the MHDD, based on a body surface 
area comparison.  

These rat data regarding liver and kidney 
toxicity are from Neto et al (2004).  

In a continuous breeding study, pregnant 
mice received 0.25, 0.5, or 1.0% 
acetaminophen via the diet (357, 715, or 
1430 mg/kg/day).  These doses are 
approximately 0.43, 0.87, and 1.7 times 
the MHDD, respectively, based on a body 
surface area comparison.  A dose-related 
reduction in body weights of fourth and 
fifth litter offspring of the treated mating 
pair occurred during lactation and post-
weaning at all doses.  Animals in the high 
dose group had a reduced number of 
litters per mating pair, male offspring with 
an increased percentage of abnormal 
sperm, and reduced birth weights in the 
next generation pups.

The mouse data are from the NTP 
reproductive toxicology study as 
summarized by Reel et al. (1992).  

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, 
Impairment of Fertility

Carcinogenesis.  Long-term studies in 
mice and rats have been completed by the 
National Toxicology Program to evaluate 
the carcinogenic potential of 
acetaminophen.  In 2-year feeding studies, 
F344/N rats and B6C3F1 mice were fed a 
diet containing acetaminophen up to 6000 
ppm.  Female rats demonstrated equivocal 
evidence of carcinogenic activity based on 

Based on current CDER ECAC standards, 
the mononuclear cell leukemia findings 
were deemed significant.  However, the 
ECAC concluded that the finding is 
considered to have limited relevance to 
humans.  We elected to leave the 
“equivocal” statement in the labeling, as 
that is what the NTP concluded at the time 
and is how the results were described in 
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Recommended Labeling Rationale/Comment
increased incidences of mononuclear cell 
leukemia at 0.8 times the maximum 
human daily dose (MHDD) of 4 grams/day, 
based on a body surface area comparison.  
In contrast, there was no evidence of 
carcinogenic activity in male rats (0.7 
times) or mice (1.2-1.4 times the MHDD, 
based on a body surface area 
comparison).

the study report.  

Mutagenesis.  Acetaminophen was not 
mutagenic in the bacterial reverse 
mutation assay (Ames test).  In contrast, 
acetaminophen tested positive for 
induction of sister chromatid exchanges 
and chromosomal aberrations in in vitro 
assays using Chinese hamster ovary cells.  

In the published literature, acetaminophen 
has been reported to be clastogenic when 
administered a dose of 1500 mg/kg/day to 
the rat model (3.6-times the MHDD, based 
on a body surface area comparison).  In 
contrast, no clastogenicity was noted at a 
dose of 750 mg/kg/day (1.8-times the 
MHDD, based on a body surface area 
comparison), suggesting a threshold 
effect.

Findings from the Ames and in vitro 
chromosomal aberrations assays are from 
the studies conducted by the NTP.  
Although there are several studies in the 
literature that suggest the same 
conclusion, the NTP studies are the most 
definitive studies and result in the same 
basic message.  

The NTP has not conducted an in vivo 
assay for chromosomal damage.  There 
are, however, numerous reports, as 
summarized in several articles (Bergman 
et al., 1996; Rannug et al., 1995) that 
demonstrate positive findings for 
clastogenicity in both animals and 
humans.  The summary article (Bergman 
et al. 1996) suggests that there should be 
a threshold for these effects and that they 
likely occur at hepatotoxic doses.  
Definitive concurrence with such a 
conclusion would require careful 
evaluation of the underlying data that are 
not available to the Agency.  The proposed 
labeling reflects the results for the pivotal 
in vivo study described in the Bergman 
review.  Since the data are consistent with 
the carcinogenicity study results, and the 
study was apparently completed for the 
German regulatory authorities, the 
reported results will be included in product 
labeling.  

Impairment of fertility.  In studies 
conducted by the National Toxicology 

To date, the results of the fertility 
endpoints from Reel et al. (1992) serve as 
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Program, fertility assessments with 
acetaminophen have been completed in 
Swiss CD-1 mice via a continuous 
breeding study.  There were no effects on 
fertility parameters in mice consuming up 
to 1.7 times the MHDD of acetaminophen, 
based on a body surface area comparison.  
Although there was no effect on sperm 
motility or sperm density in the epididymis, 
there was a significant increase in the 
percentage of abnormal sperm in mice 
consuming 1.7 times the MHDD (based on 
a body surface area comparison) and 
there was a reduction in the number of 
mating pairs producing a fifth litter at this 
dose, suggesting the potential for 
cumulative toxicity with chronic 
administration of acetaminophen near the 
upper limit of daily dosing. 

Published studies in rodents report that 
oral acetaminophen treatment of male 
animals at doses that are 1.2 times the 
MHDD and greater (based on a body 
surface area comparison) result in 
decreased testicular weights, reduced 
spermatogenesis, reduced fertility, and 
reduced implantation sites in females 
given the same doses.  These effects 
appear to increase with the duration of 
treatment.  The clinical significance of 
these findings is not known.

the primary data on fertility.  

The statement regarding testicular findings 
is derived from studies in rats by Boyd and 
Hogan (1968) and Jacqueson et al (1984) 
which reported decreased testicular 
weights and spermatogenesis following 
dosing of acetaminophen at 1.2 times the 
MHDD for longer than 30-days.  

There are data in the rat reporting effects 
on sexual behavior, sperm parameters, 
early implantation, and fertility at doses 
that are also only 1.2 fold the maximum 
human dose (Ratnasooriya and Jayakody, 
2000).

Ultrastructural changes in the testes have 
been reported after a single dose of oral 
APAP (1.6 times the MHDD) to the male 
rat by Yano et al. (2002).

Genetic Toxicology of APAP.  There are numerous studies in the literature that report 
positive genotoxicity findings for acetaminophen.  As summarized in one review article 
of the genotoxic effects of acetaminophen (Rannug et al., 1995), “[a]n overall evaluation 
of the data indicates that genotoxic effects of paracetamol contribute to the total burden 
of genetic damage observed in humans.”  Given the widespread use of acetaminophen, 
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careful consideration of these findings must be made in order to provide as accurate 
information as possible for product labeling.  

The United States National Toxicology Program (NTP) has conducted in vitro 
mutagenicity and clastogenicity studies on APAP (Program, 1993).  The results of the 
NTP studies indicate that acetaminophen tests negative as a mutagen; however, it tests 
positive as a clastogen in vitro (induced sister chromatid exchanges and chromosomal 
aberrations in CHO cells).  These data are available to the public, employed current 
protocols and were conducted in accordance with Good Laboratory Practices (GLPs).  
These findings also should be included in product labeling.  Although there are 
numerous published studies that support the conclusion that APAP is clastogenic in 
vitro (Ibrulj et al., 2007), the results of the NTP studies provide adequate data to support 
such a statement in the product labeling.

As per current standards, positive in vitro clastogenicity results must be further 
assessed via an adequate in vivo study which can also provide information with respect 
to a potential No Observed Effect Level (NOEL) for clastogenicity.  The NTP has not 
conducted an in vivo assay for clastogenicity, such as the micronucleus assay.  
Although there are many references to in vivo clastogenicity studies in the literature (for 
reviews see (Bergman et al., 1996; Rannug et al., 1995)), the cited studies that would 
most closely resemble current study protocols are not publically available.  However, as 
results from in vivo studies provide data regarding a potential threshold for 
clastogenicity, results from adequate in vivo studies should also be included in the 
product labeling.  

Shortly after the Rannug article was published, three European Regulators (Medical 
Products Agency in Sweden, Federal Institute for Drugs and Medical Devices in 
Germany and Medicines Control Authority in Norway) published a second review on the 
subject of the genotoxicity and carcinogenicity of acetaminophen (Bergman et al., 
1996).  This summary review cites several studies that were apparently conducted at 
the request of the German regulatory authorities to more definitively characterize the in 
vivo clastogenic potential of acetaminophen.  These original studies are not available as 
they are owned by Ciba-Geigy and Hazelton Labs and/or the German regulatory 
authorities.  However, according to Bergman, they were published by Baumeister in 
1995.  This citation was obtained by the review team and determined to be an abstract 
of a presentation.  As this reference did not provide actual data, it normally would not be 
used to inform product labeling.  Bergman et al. conclude that there is “convincing 
evidence that genotoxic effects of paracetamol appear only at dosages inducing 
pronounced liver and bone marrow toxicity and that the threshold level for genotoxicity 
is not reached at therapeutic dosages.”  The Bergman paper conclusion that the 
genotoxic effects of the acetaminophen only occur at doses that exceed the hepatotoxic 
doses in the rat model is illustrated in the diagram below, reproduced from that article.
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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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(180 mg/m2) provides an exposure margin of 0.07.  The high dose of 300 mg/kg (900 
mg/m2) provides an exposure margin of 0.36, suggesting that the hepatotoxicity or 
genotoxicity occurs at clinically relevant exposures.  However, given the uncertainty if 
the finding is due to cytotoxicity or actual genotoxicity in this study, this study is not 
recommended to be included in the product labeling.  

Carcinogenicity of APAP.  Studies conducted by the NTP to evaluate the carcinogenic 
potential of acetaminophen can be used to support oral acetaminophen drug product 
prescription labeling.  The study reports are available publically.  The NTP study reports 
do not contain toxicokinetic data; therefore, the exposure margins for the product 
labeling will have to be based on body surface area comparisons for the label.  The 
summary of the study results are reproduced from the NTP report in the table below:
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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/m2 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 (Caldwell, 1999; Haseman et al., 1998; 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 cannot 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 (Lamb, 1997; Program, 1984; Reel et al., 
1992).  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 cannot be obtained via this study.  The high dose tested, 
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1430 mg/kg (4290 mg/m2) is 1.7 times the maximum daily dose of APAP (4000 mg/60 
kg = 2467 mg/m2) based on a body surface area comparison.

Cumulative exposure to APAP appeared to reduced fecundity of mating pairs, since 6 of 
19 high-dose pairs failed to produce a fifth litter and of the 13 mating pairs that did 
produce a litter, there was a reduction in the number of live pups born (Reel et al., 
1992).  

Effects on Embryo-Fetal Development.  Information in the published domain can be 
used to inform the Pregnancy section of acetaminophen product labeling (Burdan, 2000; 
Lambert and Thorgeirsson, 1976; Laub et al., 2000; Lubawy and Garrett, 1977; Neto et 
al., 2004; Reel et al., 1992).  As a single entity oral prescription drug label for 
acetaminophen has not previously been approved by the Agency, it appears as though 
a Pregnancy Category for oral acetaminophen has never been officially designated.  
Given the long history of clinical use of oral APAP during pregnancy, the nonclinical 
review team recognizes that there may be adequate and well-controlled clinical studies 
with oral acetaminophen to justify a Pregnancy Category B for oral drug products.  
However, this must be confirmed via review of the large amount of published clinical 
literature.  The reader is referred to the Maternal Health Team Consult Response for 
evaluation of the existing human data and product labeling recommendations regarding 
the clinical effects of oral APAP on pregnancy.  

The published nonclinical literature identified by the review team is summarized below:  

Lambert and Thorgeirsson report no teratogenic effect of acetaminophen in B6 and AK 
strains of mice treated from Gestation Day 6 through 13 with APAP does of 100 and 
250 mg/kg via IP injection.  Based on a body surface area comparison, the dose of 250 
mg/kg in a mouse (750 mg/m2) is only 0.3-times the maximum recommended human 
dose of 4000 mg/60 kg person (2466.6 mg/m2).  However, as the parameters examined 
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were not described in the publication, it is not possible to confirm the adequacy of the 
study (Lambert and Thorgeirsson, 1976).  

Lubawy and Garrett report that there were no adverse effects of 125 mg/kg or 250 
mg/kg APAP when administered to pregnant rats from Gestation Day 8 through 19.  
However, this study does not appear to examine visceral or skeletal malformations and 
therefore cannot be considered an adequate embryo-fetal development study (Lubawy 
and Garrett, 1977).  Based on a body surface area comparison, the dose of 250 mg/kg 
in a rat (1500 mg/m2) is only 0.6-times the maximum recommended human dose of 
4000 mg/60 kg person (2466.6 mg/m2).

As referenced above in the fertility discussion, Reel et al. report the results of NTP’s 
continuous breeding study in mice; however, these studies do not appear to have been 
designed to specifically monitor for visceral or skeletal malformations (Reel et al., 1992).  
The authors, however, report a decreased number of live pups in the fifth litter.  
Assessment of the F1 mice from the fourth and fifth litter indicated that pup weights at 
birth were not affected by APAP treatment; however, body weights of the F1 mice 
during the lactational and postweaning periods were depressed in a dose-related 
manner, as noted in the table below (reproduced from the Reel et al. publication).

  

Laub et al. administered APAP to female mice only during the first few days of 
gestation; therefore this study cannot be deemed an embryo-fetal development study 
since dosing did not cover the period of organogenesis.  This study did suggest that 
APAP doses of 800 or 1430 mg/kg did not affect the development of preimplantation 
embryos (Laub et al., 2000).  Based on a body surface area comparison, the dose of 
1430 mg/kg in a mouse (4290 mg/m2) is 1.7-times the maximum recommended human 
dose of 4000 mg/60 kg person (2466.6 mg/m2).

Burdan treated pregnant Wistar rats via oral gavage with 3.5, 35, or 350 mg/kg APAP 
from Gestation Day 8 to 14 and examined macroscopically for external malformation 
and for skeletal malformations (Burdan, 2000).  The author concludes that the APAP 
treatment did not lead to statistically significant differences in bone anomalies; however, 
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there were some dose-related increases in the incidence of reduced ossification that 
exceeded control levels.  Historical control data was not discussed in this publication.  
The highest dose tested (350 mg/kg = 2100 mg/m2) is only 0.85-times the maximum 
recommended human dose of 4000 mg/60 kg person (2466.6 mg/m2) based on body 
surface area.  Although visceral malformations were not evaluated in this study, the 
treatment duration was consistent with a standard embryo-fetal development study.  
The skeletal variations reported in this publication are reproduced in the table below 
(emphasis added by reviewer).

Although not reviewed by the Applicant, Burdan published a second article that 
contributes to the understanding of the potential embryo-fetal effects of APAP.  In the 
subsequent study (Burdan et al., 2001), Burdan reported decreased weight and length 
of Gestation Day 21 fetuses removed from the dams treated with 350 mg/kg APAP 
compared to those removed from the controls or the low dose, respectively (see table 
below, reproduced from the publication).  
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Burdan has also examined the potential external, visceral, and skeletal effects of the 
combination of APAP and caffeine (doses of APAP are the same as in the two previous 
studies).  The author reports no evidence of malformations in any group (Burdan, 2003).  
Collectively, the work of Burdan and colleagues suggests that treatment of the rat 
during organogenesis results in evidence of fetotoxicity (reduced fetal weight and 
length), statistically insignificant increases in altered bone morphology, but no evidence 
of external, visceral, or skeletal malformations.  None of the studies that examined 
APAP alone demonstrated evidence of maternal toxicity; however, the top dose 
represents only 0.85-times the maximum recommended human daily dose on a body 
surface area basis.

Neto et al. treated pregnant rats via oral gavage with 0, 125, 500, or 1500 mg/kg APAP 
from Gestation Day 1 to term pregnancy and examined the effects on maternal and fetal 
liver and kidney via light and electron microscopy.  As this study did not examine either 
visceral or skeletal tissues, it is not an adequate embryo-fetal development study.  The 
two higher doses tested produced necrotic areas in both the liver and kidney in both 
maternal and fetal tissues (Neto et al., 2004).  Based on a body surface area 
comparison, the dose of 500 mg/kg in a rat (3000 mg/m2) is only 1.2-times the 
maximum recommended human dose of 4000 mg/60 kg person (2466.6 mg/m2).  The 
authors report a NOEL for APAP-induced microscopic liver and kidney changes of 125 
mg/kg.  Based on a body surface area comparison, the dose of 125 mg/kg in a rat (750 
mg/m2) is only 0.3-times the maximum recommended human dose of 4000 mg/60 kg 
person (2466.6 mg/m2).  The study supports the conclusion that in the rat model, APAP 
treatment will produce both maternal and fetal liver and kidney histopathology at a dose 
between 125 and 500 mg/kg (between 0.3 and 1.2-times the maximum recommended 
human dose based on body surface area).  This does not represent a “high dose” and 
indicates that the rat model is unlikely to provide an adequate safety margin via the oral 
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route of administration to justify a Pregnancy Category B 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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