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Indication: Treatment of adult patients with active psoriatic arthritis (PsA)

Reviewing Division: Division of Pulmonary, Allergy, and Rheumatology Products

Introductory Comments: The primary pharmacology/toxicology reviewer and 
supervisor concluded that the nonclinical data support approval of apremilast for the 
indication listed above. 

The recommended pharmacologic class for apremilast is a phosphodiesterase 4 (PDE4) 
inhibitor.

A complete nonclinical program was conducted including pivotal general toxicology 
studies in mice and monkeys, a genetic toxicology battery, two-year carcinogenicity 
studies in rats and mice, and a battery of reproductive and developmental toxicology
studies. In the general toxicology studies the primary toxicities included arteritis, 
perivascular inflammation of the lung, hepatocyte hypertrophy, and gastrointestinal 
pathology. The identified NOAELs provided exposure margins of ~ 1- to 5-fold 
compared to the anticipated clinical exposure at the recommended dose.

The carcinogenicity studies did not produce any significant findings and apremilast was 
negative in the genetic toxicity battery.

Fertility, embryo-fetal development (EFD) and pre/postnatal development studies of 
apremilast were conducted in mice and an EFD study was conducted in monkeys. 
Apremilast prolonged the estrus cycle and increased the interval to mating in female 
mice. Apremilast was not teratogenic in mice or monkeys but was associated with 
dystocia, reduced viability, fetal weight and litter size, and increases in abortion and 
embryo-fetal death.  The Division recommended a Pregnancy Category “C” for this 
product.

Conclusion: I agree with the Division pharmacology/toxicology conclusion that 
apremilast can be approved from the pharmacology/toxicology perspective. I have 
discussed and am in agreement with labeling revisions proposed by the Division and the 
sponsor has indicated agreement with the revisions as well.
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Secondary Pharmacology and Toxicology Review for NDA 205‐437 
 
TO:   NDA 205‐437 (Celgene Corp.) 
 
FROM:  Marcie Wood, Ph.D. 
  Supervisory Pharmacologist 
  Division of Pulmonary, Allergy, and Rheumatology Drug Products 
 
DATE:  November 27, 2013 
 
 
Overview:  I concur with  the  recommendation of Dr. L. Steven Leshin  (detailed  in a nonclinical  review 
dated November  20,  2013)  that  the pharmacology  and  toxicology of OTEZLA  (apremilast) have been 
adequately studied and the drug product should be approved from a nonclinical perspective. 
 
Background: Apremilast (Code name: CC‐10004) is a NME phosphodiesterase type IV (PDE4) inhibitor. It 
is indicated for chronic, twice‐daily, oral treatment of psoriatic arthritis. The proposed maximum clinical 
dose is 30 mg b.i.d. (60 mg/day). 
 
Pharmacology: The pharmacodynamic effects of apremilast were  investigated both  in vitro and  in vivo. 
In primary pharmacodynamic  studies,  apremilast had  an  IC50 of  74 nM  for  PDE4  isolated  from U937 
monocytic  cells.  Apremilast  was  also  approximately  279‐  to  40,000‐fold  more  selective  for  PDE4 
inhibition  than  for  other  PDE  subtypes,  but was  non‐selective  for  subtypes A1A, B1, B2,  C1,  and D2 
within the PDE4 group. The applicant conducted numerous in vitro and in vivo pharmacology studies to 
demonstrate  that  apremilast modulates  both  pro‐  and  anti‐inflammatory mediators. Many  of  these 
studies are summarized in Dr. Leshin’s review and will not be discussed here. 
 
Safety Pharmacology:  In a CNS  study  in mice,  lacrimation and pitosis were observed after  single oral 
doses of 1000 mg/kg and greater. Findings at  the high‐dose of 2000 mg/kg  included apathy  (sluggish 
movement)  and  death  of  one  animal  on  the  day  following  dosing.    Findings  at  the  high  dose  (e.g. 
lacrimation, pitosis, and apathy) were judged to be possibly due to autonomic effects of apremilast. In a 
hERG  assay,  apremilast  inhibited  hERG  channel  current  with  an  IC50  of  184  µM.  In  a  combined 
cardiovascular and respiratory safety study in anesthetized dogs, a dose‐related increase in dP/dtmax and 
heart rate were observed after single oral doses of 0.5 mg/kg and above, but QT prolongation was not 
observed.  Dose‐related  increases  in  peak  inspiratory  and  expiratory  flow were  also  observed  at  0.5 
mg/kg and above. There were no gastrointestinal effects noted  in mice at single oral doses up to 1000 
mg/kg.    
 
Toxicology: Pivotal oral  toxicology studies were conducted  in  the mouse and monkey up  to 6 months 
and 12 months,  respectively. The major apremilast‐related  finding across mouse studies was arteritis. 
Arteritis was  usually  noted within  the  thoracic  organs,  particularly  prominent  at  the  junction  of  the 
aortic root and the heart, and  less prevalent  in the thymus. Perivascular  inflammation of the  lung was 
also  observed. Other  findings  included  centrilobular  hepatocyte  hypertrophy,  likely  due  to  extensive 
apremilast  metabolism.  High  doses  also  resulted  in  gastrointestinal  effects,  such  histopathological 
changes  in  the  stomach  (distension,  thickening,  irregular  surface  and  raised  foci)  and  associated 
reduction in food consumption and weight loss. As expected, incidence or severity of findings generally 
increased with dose.  The NOAEL of  the  6‐month mouse  study was determined  to be  10 mg/kg/day, 
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primarily due  to arteritis at higher doses. The AUC exposure margin  for  the maximum  recommended 
human dose of 30 mg b.i.d. at the NOAEL is 0.8. 
 
Arteritis was also observed in shorter duration, high dose monkey studies, including a 14‐day study with 
doses up to 1000 mg/kg and a 28‐day study at doses up to 650 mg/kg, but not in a 13‐week study with 
doses up to 300 mg/kg or the chronic, 12‐month study with doses up to 600 mg/kg. When arteritis was 
observed, it was generally found in the myocardium and other locations that included connective tissue 
of the sciatic nerve and kidney. Other findings at higher doses included emesis or retching or excessive 
salivation, and  thin body  condition. The NOAEL of  the 12‐month monkey  study was  identified as 600 
mg/kg/day. The AUC exposure margin for the maximum recommended human dose of 30 mg b.i.d. at 
the NOAEL is 4.7. 
 
Although  the  animal:human  exposure margin  in  the  chronic mouse  study was  slightly  less  than  1  as 
noted above (AUC exposure margins of 1 or greater are generally preferred), systemic exposure at the 
NOAEL of 10 mg/kg was previously  judged to be adequate to support clinical development. Therefore, 
this  review  concludes  that  the NOAELs of both chronic mouse and monkey  studies provide adequate 
systemic safety margins on an AUC basis  (approximately 1  for the mouse and approximately 5  for the 
monkey)  for  the proposed maximum dose of apremilast. See Dr. Leshin’s  review  for  further exposure 
margin details. 
 
Genotoxicity: Apremilast was negative  in  the  in  vitro bacterial mutagenicity  test  (Ames  assay),  the  in 
vitro chromosomal aberration assay, and the in vivo mouse micronucleus assay.   
 
Carcinogenicity: Two 2‐year oral carcinogenicity bioassays were conducted with apremilast in mice and 
rats.  Apremilast was not carcinogenic in mice at doses up to 1000 mg/kg/day or in rats at doses up to 20 
mg/kg/day in males and 3 mg/kg/day in females.  
 
Reproductive and Developmental Toxicology: Pivotal reproductive and developmental toxicity studies of 
apremilast were  completed  in mice  and monkeys  via  the oral  route of  administration.  These  studies 
evaluated the effects of apremilast on fertility in mice, teratogenicity in mice and monkeys, and pre‐ and 
post‐natal  development  in mice.  In  a male mouse  fertility  study,  apremilast  had  no  effects  on male 
fertility at doses up  to 50 mg/kg/day.  In a separate  female mouse  fertility study, however, apremilast 
treatment prolonged estrus cyclicity and  increased  time  to mating,  though  there was no difference  in 
pregnancy rate between control and apremilast‐treated groups. Apremilast also caused an  increase  in 
early  resorptions  and  a  decrease  in  fetal  body weights.  Both  the maternal  and  fetal  NOAELs were 
identified as 10 mg/kg/day. 
 
In embryofetal development studies in mice, no treatment‐related teratogenic findings were observed; 
however, a dose‐dependent reduction in litters and litter sizes due to postimplantation loss occurred at 
doses  greater  than or equal  to 20 mg/kg/day.  Increases  skeletal  variations were  also noted  at doses 
greater  than  or  equal  to  20  mg/kg/day.  The  NOAEL  for  embryofetal  effects  was  identified  as  10 
mg/kg/day. In an embryofetal development study in monkeys, apremilast treatment resulted in a dose‐
dependent  increase  in fetal  losses (abortions). Although a NOAEL for teratogenic effects was  identified 
as the  low‐dose of 20 mg/kg/day,  it was not possible to adequately assess teratogenic effects at doses 
greater than 20 mg/kg/day (50 mg/kg/day and above) due to the high incidence of fetal loss and lack of 
examination of aborted fetuses. 
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In a pre‐ and postnatal development study in mice, premature delivery, dystocia, reduced viability, and 
reduced  birth  weights  occurred  at  doses  greater  than  or  equal  to  80 mg/kg/day.  The  NOAEL  was 
identified as 10 mg/kg/day.  
 
Labeling: Section 8.1 (Pregnancy Category C), Section 8.3 (Nursing Mothers), Section 12.1 (Mechanism of 
Action), and Section 13.1 (Carcinogenesis, Mutagenesis, and Impairment of Fertility) have been revised. 
Revisions to Section 8.1 resulted in hybrid labeling that incorporates currently required CFR labeling with 
formatting expected  to arise  from a new pregnancy and  lactation  labeling  rule  that  is expected  to be 
established  in  2014.    Section  8.1  revisions were made  in  consult with  Dr.  Carrie M.  Ceresa  of  the 
Maternal Health Team. See Dr. Leshin’s review for complete product labeling details. 
 
There are no outstanding Pharmacology and Toxicology issues for this product. 
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1 Executive Summary

1.1 Introduction

Apremilast (identified as CC-10004 in study reports) is a small molecular new molecular 
entity indicated for the treatment of psoriatic arthritis. It has pharmacological properties 
of a phosphodiesterase IV (PDE4) inhibitor. The nonclinical development program was 
initially reviewed for the indication of psoriasis in DDDP under , but the NDA 
was submitted to DPARP for psoriatic arthritis following development under IND 
101761. The applicant provided evidence in nonclinical studies that apremilast 
increases intracellular cyclic adenosine monophosphate (cAMP) levels in numerous 
types of cells including peripheral mononuclear blood cells. They postulate that elevated 
cAMP, in turn, alters the secretion of pro- and anti-inflammatory modulators attenuating 
the symptoms and course of psoriatic arthritis.

Apremilast is formulated for oral administration as 10, 20 and 30 mg tablets, with a
maximum proposed human dose of 30 mg, b.i.d. (60 mg/day). 

1.2 Brief Discussion of Nonclinical Findings

Pharmacology

CC-10004 (apremilast) is a new molecular entity that inhibits phosphodiesterase 4 
(PDE4) enymes. In primary pharmacodynamic studies, CC-10004 had a IC50 of 74 nM 
for PDE4 isolated from U937 monocytic cells 

 CC-10004 was approximately 279- to 40,000-fold more 
selective for PDE4 inhibition than for other PDE subtypes, but was non-selective for 
subtypes A1A, B1, B2, C1, and D2 within the PDE4 group. From published studies, it is 
known that inhibition of PDE4 results in increased levels of intracellular cAMP, initiation
of an intracellular signaling pathway that involves the activation of protein kinase A, and 
activation of cAMP responsive element binding protein (CREB/ATF-1) family of 
transcription factors, as well as downregulation of nuclear factor kappaB (NF-κB) 
transcriptional activity. The functional result is alteration of both inflammatory and anti-
inflammatory mediators. The applicant demonstrated that CC-10004 alters many 
mediators in numerous in vitro and in vivo conditions (animal studies), including various 
animal models of arthritis. Some of the mediators assessed by the applicant were 
inducible nitric oxide synthase, tumor necrosis factor-alpha (TNF-α), and interleukins 
(IL-17, IL-23, and IL-10).

Safety Pharmacology

Following single oral doses of CC-10004 to rats, there were findings of initial concern in 
studies of neurobehavioral and cardiovascular function, but not respiratory function, or 
gastroinstestinal transport. In CNS evaluations, one high dose animal died the day after 
neurological testing. CC-10004 produced sympathetic activation responses. In the 
hERG assay, an IC50 of 184 µM for CC-10004 inhibition of IKr was identified, which is
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greater than 100-times the human Cmax at 30 mg BID dose. Lack of QT prolongation 
was confirmed in a follow-up study in anesthetized dogs, however, an increase in left 
ventricular pressure with increasing doses was observed. Further studies were 
conducted in monkeys as part of the general toxicology assessments. They were also 
negative for QT prolongation, but there was insufficient information provided to assess 
the validity of these studies and minimal data listings were provided. A tQT evaluation in 
humans was negative for inducing QT prolongation (refer to the Medical Officer's 
Review). 

General Toxicology
Pivotal GLP studies were conducted in the mouse and cynomolgus monkey. 

Mouse: Studies in the mouse (up to 6 months in duration) covered a range of doses 
from 2000 mg/kg down to 1 mg/kg. The 6-month mouse study identified a NOAEL at 10 
mg/kg/day, slightly greater than the NOAEL of shorter-term studies (4-6 mg/kg/day).

The major effect of CC-10004 in the mouse was arteritis. Arteritis was usually noted 
within the thoracic organs, particularly prominent at the junction of the aortic root and 
the heart, and less prevalent in the thymus. These were accompanied by perivascular 
inflammation of the lung. Other findings included centrilobular hepatocyte hypertropy 
which was probably related to the extensive metabolism of CC-10004. High doses 
resulted in gastrointestinal effects, such histopathological changes in the stomach 
(distension, thickening, irregular surface and raised foci) and associated reduction in 
food consumption and weight loss. The hemological profile consisted of an inflammatory 
profile in which there was an increase in total white cells due to an increase in 
neutrophils, along with a reduction in lymphocytes. Increases in total protein and 
globulin and a reduction in albumin were also observed. Usually, serum enzymes were
not affected. As expected, incidence or severity of findings generally increased with 
dose.

Monkey: In the monkey, studies were conducted up to 12 months in duration. The 12-
month monkey study identified a NOAEL at 600 mg/kg/day.

At high doses in the monkey, emesis/retching or excessive salivation were common 
findings, along with thin body condition. As with mice, there was an inflammatory 
hemotology profile in which there was an increase in total white cells due to an increase 
in neutrophils and a simultaneous reduction in lymphocytes. Arteritis occurred at doses 
of 1000 mg/kg/day for 14 days, and at 180 and 650 mg/kg/day for 28 days, but not at 
25, 85 or 300 mg/kg/day for 13 weeks or at 60, 180 or 600 mg/kg/day for 12 months. 
Arteritis was observed within the myocardium (differing from the common observed 
aortic root location in the mouse), as well as other locations that included the 
connective tissue of the sciatic nerve and kidney. 

Genetic Toxicology
CC-10004 was negative in the standard series of genetic toxicology assay that included 
the bacterial reverse mutation assay, in vitro chromosomal aberration assay using 

Reference ID: 3410539



NDA 205437                                      Reviewer: LS Leshin

9

human peripheral blood lymphocytes pooled from 3 individuals, and the in vivo mouse 
micronucleus assay. 

Carcinogenicity
CC-10004 was not carcinogenic in 2-year oral dosing studies in mice at doses up to 
1000 mg/kg/day or in rats at dose levels up to 20 mg/kg/day in males and 3 mg/kg/day 
in females.

Reproductive and Developmental Toxicology
Reproductive and developmental toxicology GLP studies were conducted with either the 
mouse or the monkey. The rabbit had negligible exposure to CC-10004 after oral 
administration and low doses administered intravenously were lethal.  

Fertility: Studies in the mouse found no effect of CC-10004 on sperm motility or sperm 
counts and no effect on mating parameters or resultant pregnancies and embryo-fetal 
survival. Fertility studies in females found that estrous cyclicity was prolonged due to an 
increase in diestrus period and resulted in a longer time until mating. CC-10004 resulted 
in an increase in early resorptions, and a reduction in fetal body weights. The NOAEL 
was the high dose of 50 mg/kg/day for males and the low dose of 10 mg/kg/day in 
females.

Embryofetal Development: Pregnant mice administered CC-10004 had reduced body 
weight gain that was due to reduced uterine weight. There were reductions in litters and 
litter size due to postimplantation losses in all CC-10004 dose groups. Fetal weight was 
also reduced in a dose dependent manner in both males and females. There was no 
dose-related effect on malformations, although skeletal variations were increased. The 
NOAEL was 10 mg/kg/day.

In the monkey, there were dose-related fetal losses, mostly occurring during weeks 3 
and 4 of gestation. The teratogenic effects of CC-10004 in the monkey were not 
adequately evaluated due to the high incidence of dose-related fetal abortions, coupled 
with the absence of examination of these fetuses. There was an increased incidence of 
skeletal variations, most related to a reduced number of ossification sites and 
misaligned tail vertebrae. A NOAEL for embryofetal development was 20 mg/kg.

Pre- and Post-Natal Development: There was difficulty in delivery in the high dose 
group that resulted in the death of one dam. The high dose group also had reduced 
maternal body weight. There was no effect on late pregnancy administration of CC-
10004 on pregnancy duration or number of dams that delivered. In the F1 generation, 
postnatal pup mortality was increased, with reduced pup weights of survivors until day 
21 of lactation. There were no effects of F0 treatment with apremilast on the F1

generation for clinical or necropsy observations after weaning; body, testes or 
epididymis weights; sexual maturation; passive avoidance; motor activity; mating; 
fertility or F2 embryofetal parameters. The maternal NOAEL was 10 mg/kg/day. The 
NOAEL for the F1 generation was 10 mg/kg/day due to early postnatal mortality. There 
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were no adverse findings in surviving pups through during evaluations at stages of 
physical developement, fertility, and in various behavior and learning tests.

Apremilast was detected in the milk of lactating mice at levels at levels approximately 
1.5-times that of simultaneously collected blood plasma samples at 1 and 6 hours, and 
not detectable in either milk or plasma at 24 hours. 

1.3 Recommendations

1.3.1 Approvability

From the nonclinical perspective, the application may be approved.

1.3.2 Additional Non Clinical Recommendations

There are no additional nonclinical recommendations.

1.3.3 Labeling

The sponsor's label was submitted in SD-6 June 24 2013. A consult with Carrie M. 
Ceresa, Pharm D, MPH of the Maternal Health Team for recommended wording in 
Pregnancy Section 8 was requested on Oct 30, 2013. The recommendations from Dr.
Ceresa (email of the draft consult on Nov 14 2013) are included in the reviewer's 
revised labeling for pregnancy. Labeling negotiations with the sponsor will occur after 
the finalization of this review. The maximum recommended human dose (MRHD) is 30 
mg twice daily.

8 USE IN SPECIFIC POPULATIONS 

8.1 Pregnancy 

Sponsor's proposed label

Pregnancy Category C: 

Reference ID: 3410539
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Reviewer's Recommendation

Pregnancy Category C

Risk Summary

Adequate and well-controlled studies with TRADE NAME have not been 
conducted in pregnant women. In animal embryofetal studies, the administration 
of apremilast to cynomolgus monkeys during organogenesis resulted in dose-
related increases in abortion/embryo-fetal death at dose exposures 2.1-times the 
maximal recommended human therapeutic dose (MRHD) and no adverse effect 
at an exposure of 1.4-times the MRHD. Although no teratogenic effects were 
observed in monkeys at doses corresponding 2.1-times MRHD, the study was 
insufficient to thoroughly evaluate the teratogenic risk due to 
abortion/embryofetal loss at higher doses. In mice, there were no ampreilast-
induced malformations up to exposures -times MRHD. The incidences of 
malformations and pregnancy loss in human pregnancies have not been 
established for TRADE NAME. However, all pregnancies, regardless of drug 
exposure, have a background rate of 2 to 4% for major malformations, and 15 to 
20% for pregnancy loss. TRADE NAME should be used during pregnancy only if 
the potential benefit justifies the potential risk to the fetus.

Clinical Considerations
Labor or delivery

The effects of TRADENAME on labor and delivery in pregnant women are 
unknown.  In mice, premature delivery and dystocia were noted at doses 
corresponding to ≥  times the MRHD (on an AUC basis at doses ≥ 80 
mg/kg/day) of apremilast.

Animal Data

Monkey embryofetal development: In an embryofetal developmental study, 
cynomolgus monkeys were administered apremilast at doses of 20, 50, 200, or 
1000 mg/kg/day during the period of organogenesis (gestation days 20 through 
50). There was a dose-related increase in spontaneous abortions, with most 
abortions occurring during weeks 3 to 4 of dosing during the first trimester, at 
doses approximately 2.1 times the MRHD and greater (on an AUC basis at 
doses ≥ 50 mg/kg/day). No abortifacent effects were observed at a dose 
approximately 1.4 times the MRHD (on an AUC basis at a dose of 20 
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mg/kg/day). Although there was no evidence for a teratogenic effect at 20 
mg/kg/day, there were insufficient numbers of fetal monkeys to adequately 
address teratogenic risk at doses approximately 4.5 times the MRHD and greater 
(on an AUC basis at doses ≥50 mg/kg/day). 

Mouse embryofetal development: In an embryofetal study, apremilast was 
administered at dosages of 250, 500, or 750 mg/kg/day to dams during 
organogenesis (gestation day 6 through 15). In a combined fertility and 
embryofetal development study, apremilast was administered at dosages of 10, 
20, 40 or 80 mg/kg/day starting 15 days before cohabitation and continuing 
through gestation day 15. No teratogenic findings attributed to apremilast were 
observed in either study; however, there was an increase in postimplantation loss 
at doses corresponding to a systemic exposure of -times the MRHD (≥20 
mg/kg/day). At doses of ≥20 mg/kg/day skeletal variations included incomplete 
ossification sites of tarsals, skull, sternebra, and vertebrae.  No effects were 
observed at a dose approximately -times the MRHD (10 mg/kg/day).

Mouse pre- and postnatal development: In a pre- and post-natal study in mice, 
apremilast was administered to pregnant female mice at doses of 10, 80, or 300 
mg/kg/day from day 6 of gestation through day 20 of lactation, with weaning at 
day 21. Premature delivery, dystocia, reduced viability, and reduced birth weights 
occurred at doses corresponding to ≥ -times the MRHD (on an AUC basis at 
doses ≥80 mg/kg/day). No adverse effects occurred at a dose -times the 
MRHD (10 mg/kg/day). There was no evidence for functional impairment of 
physical development, behavior, learning ability, immune competence, or fertility 
in the offspring at doses up to approximately -times the MRHD (up to 300 
mg/kg/day).

8.3 Nursing mothers 

Sponsor's proposed label

Reviewer's Recommendation

It is not known whether TRADENAME or its metabolites are present in human 
milk; however, apremilast was detected in milk of lactating mice. The 
developmental and health benefits of human milk feeding should be considered 
along with the mother’s clinical need for TRADENAME and any potential adverse 
effects on the human milk-fed child from the drug or from the underlying maternal 
condition.  Caution should be exercised when TRADENAME is administered to a 
nursing woman. 
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12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of action 

Sponsor's proposed label

Reviewer's Recommendation

Apremilast is an oral small-molecule inhibitor of phosphodiesterase 4 (PDE4) 
specific for cyclic adenosine monophosphate (cAMP). PDE4 inhibition results in 
increased intracellular cAMP levels, affecting numerous cellular functions in 
PDE4 responsive cells. The specific mechanism(s) by which TRADE NAME 
exerts its therapeutic action in psoriatic arthritis patients is not well defined

13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, mutagenesis, impairment of fertility 

Sponsor's proposed label

Reviewer's Recommendation

Long-term studies were conducted in mice and rats with apremilast to evaluate 
its carcinogenic potential. No evidence of apremilast-induced tumors was 
observed in mice at oral doses up to -times the MRHD on an AUC basis 
(1000 mg/kg/day) or in rats at oral doses up to approximately 0.08- and 1.1-times
the MRHD in males and females, respectively (3 mg/kg/day in females and 20 
mg/kg/day in males).

Sponsor's proposed label
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Reviewer's Recommendation

Apremilast tested negative in the Ames assay, in vitro chromosome aberration 
assay of human peripheral blood lymphocytes, and the in vivo mouse 
micronucleus assay.

Sponsor's proposed label

Reviewer's Recommendation

In a fertility study of male mice, apremilast at oral dosages up to approximately 3-
times the MRHD based AUC (up to 50 mg/kg/day) produced no effects on male 
fertility.

In a fertility study of female mice, apremilast was administered at oral dosages of 
10, 20, 40, and 80 mg/kg/day. At dosages ≥ -times the MRHD (20 mg/kg/day), 
estrous cycles were prolonged and time to mating was decreased. There was no 
effect of apremilast at approximately -times the MRHD (10 mg/kg/day).
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on IL-6 production by human, rat, mouse and monkey whole 
blood stimulated with LPS in vitro.

7600-043 Effect of Apremilast on Cytokine and Chemokine Production in 
LPS Stimulated Human Whole Blood Using the TruCulture 
System

current

5478-159 Multiple Cytokine Profiling for Phosphodiesterase Type 4 
Inhibitors CC-10004 and CC-11050 in Anti-CD3 Monoclonal 
Antibody Stimulated Human T cells

current

AP279R AP284R 
AP291R

Effect of Pretreatment with CC-11050 or CC-1000rum TNF-α in 
Female CD Rats

current

7600-011 Effect of Apremilast on Transcriptional Regulation and Gene 
Expression in Monocytes, Peripheral Blood Mononuclear Cells, 
Jurkat T Cell Leukemia and THP-1 Monocytic Leukemia Cells

current

In Vivo Models
WEL 01-027 Mouse Type II Collagen Arthritis Model current
AP707 RAP830R Effect of CC-11050, CC-10004,  on 

Mouse Collagen Induce Arthritis
current

CLG/001/EM Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

current

CLG/001/EM 
Histoloogy

Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

current

CLG/002/EM; Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

current

CLG/002/EM 
Histology

Effects of Enbrel and/or CC-10004 in Antibody-Induced Arthritis 
in Mice

current

CLG/003/EM Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

current

CLG/003/EM
Histology

Histological Analysis of Hind Limb Ankle Joints from Murine 
Arthritogenic Model

current

KIR-P03604 Therapeutic Effect of CC-10004 and CC-11050 in Collagen-
Induced Arthritis

current

MD320051220 Evaluation of the effect of apremilast treatment on the TH-17 
cells in the murine model of collagen induced arthritis

Apr 4, 2012
May 13,-2011

MDCG6 CC-10004: Evaluation of CC-10004 of CC-10004 in 
Combination with Methotrexate and Indomethacin in the 
Collagen-Induced Arthritis Model

current

5589-97 Effects of Phosphodiesterase 4 Inhibitors CC-10004 and CC-
11050 in Combination with Cyclosporine A, Methotrexate and 
Etanercept on Rheumatoid Arthritis and Psoriasis Associated 
Cytokine Production in Stimulated T Cells.

current

Secondary Pharmacology
2744121 CC-10004 (Apremilast) Does Not Bind Human Cereblon current
qsk121001 A final summary report of the in vivo pharmacokinetic and 

ADME data generated on five Celgene PDE-4 inhibitors in the 
rat and ferret

current

121401 Therapeutic Index of SelCIDs in Ferret Lung Neutrophilia and 
Emesis Model

current

MDCG5 Evaluation fo CC-10004 in the T and B cell Transfer Model in 
Mice  

current

7645-001 Effect of Apremilast on Primary Human Osteoclasts and 
Osteoblasts In Vitro

current

5299148 The effect of thalidomide and IMiDs including lenalidomide (CC-
5013), CC- 11006, and CC10015, and the PDE4 inhibitors CC-
10004 and CC-11050 on thromboxane B2 and prostacyclin 

Dec 2, 2005
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Chromatography with Mass Spectrometric Detection
CC-10004-DMPK-
002

Determination of CC-10004 and  in Heparinized Rat 
Plasma by LC/MS/MS

current

1398/347-D0142 Validation of an Analytical Procedure for the Determination of 
CC-10004 in Rabbit Plasma (Heparin) using Solid Phase 
Extraction and Liquid Chromatography with Tandem Mass 
Spectrometric Detection

current

1398/362-D0142 Investigation into the Storage Stability of CC-10004 in Rabbit 
Plasma using Solid Phase Extraction and Liquid 
Chromatography with Tandem Mass Spectrometric Detection

current

CC-10004-DMPK-
004

Determination of CC-10004 and  in Heparinized 
Rabbit Plasma by LC/MS/MS

current

CC-10004-DMPK-
003

Determination of CC-10004 and  in Heparinized 
Monkey Plasma by LC/MS/MS

current

CC-10004-DMPK-
025

Determination of CC-16085 (Desmethyl CC-10004) and CC-
16166 (Desmethyl CC-10004 Glucuronide) in Heparinized 
Monkey Plasma by LC/MS/MS

current

1398/135-D0142 Validation of an Analytical Procedure for the Determination of 
 in Monkey Plasma (Heparin Anticoagulant) using 

Solid Phase Extraction for Sample Preparation and Liquid 
Chromatography with Mass Spectrometric Detection

current

ADME
Mouse
1398/376-D1145 (

14
C)-CC-10004: A study of absorption, distribution, metabolism 

and excretion following oral and intravenous administration to 
the mouse

Sept 7, 2005

Rat
1398/215-D1140 Determination of the oral pharmacokinetics and bioavailability of 

racemic  and its enantiomers in the male and female 
rat a 

Sept 7, 2005

1398/259-D1145 Investigation into the pharmacokinetics, excretion and 
metabolism of [

14
C]-CC-10004 in the male and female rat 

following single and repeated oral administrations

Sept 7, 2005

QSK121001 A final summary report of the in vivo pharmacokinetic and 
ADME data generated on five Celgene PDE-4 inhibitors in the 
rat and ferret

current

Rabbit
1398/387-D1145 (

14
C)-CC-10004: A pilot study of plasma pharmacokinetics 

following oral administration to the rabbit
Sept 7, 2005

Monkey
1398/399-D1145

(14
C)-CC-l0004: A study of absorption, excretion and 

metabolism following oral and intravenous administration to the 
cynomolgus monkey

Sept 7, 2005

Protein Binding
CC-10004-DMPK-
026

“In Vitro Protein Binding Determination of CC-10004 in Mouse, 
Rat, Rabbit, Monkey, and Human Plasma Using Ultrafiltration 
and LC/MS/MS Analysis”

Sept 7, 2005
Dec 10 2007
July 21, 2009

Milk
CC-10004-DMPK-
034

Determination of Lacteal Transfer of CC-10004 following a 
Single Oral Dose to Lactating CD-1 Mice

May 13, 2011

Placental Transfer
CC-10004-TOX-012 
Refer to the 
Toxicology Section

Placental Transfer Pregnant CD-1 mice current
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4 Pharmacology

4.1 Primary Pharmacology

A number of primary pharmacology studies were previously reviewed under  
and are provided in the Appendices (Appendix 2, September 7, 2005 Review; Appendix 
3, December 2, 2005 Review; Appendix 4 November 2, Review 2006; and Appendix 
12, May 13, 2011 Review). Additional studies are summarized below. 

PHOSPHODIESTERASE ACTIVITY

Study Title:  In Vitro Pharmacology and ADMR-Tox: Diversity Profile + CYP450 + 
HERG, Study of Four Compounds

Report 8611

Key Study Findings:

 This was an in vitro pharmaceutical screening assay for 68 cell surface 
receptors, 17 enzymes, metabolism, and hERG channel activity (QT 
prolongation). 

 CC-10004 (batch 5121-134-D) at 10 µM was a potent inhibitor of 
phophodiesterase (PDE) 4.

Table 3:  Summary of PDE inhibition

PDE IC50 % inhibition
PDE1 12%
PDE2 30%
PDE3 26%
PDE4 95%

 These four PDE reactions all used cAMP as a substrate. The source of PDE 
enzyme was U-937 cells (PDE1 and PDE4), bovine brain (PDE1) or human 
platelets (PDE2 and PDE5) 

 These tests were followed up in Report 5042-107 (below) with multiple dose 
response curves to determine more precisely the selectivity of toward PDE types.

 There was a 52% enhancement of agonist binding to the L-type (verapamil) 
calcium channel receptor, but this was not confirmed in a follow-up assay (Report 
CC-10004-ET-151)

 Based on the hERG assay, CC-10004 was classified as having a borderline 
moderate to high potency for affecting the IKr current with 51% inhibition when 
tested at 1 µM (A GLP Safety Pharmacology study of hERG was conducted  
later, refer to Report 031206.DFN in Appendix 2)

Study Title: Phosphodiesterase (PDE) Inhibitor Assays Enzymatic Study of 4 
compounds
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Report PDE 0801

Key Study Findings:

 In a screening in vitro enzymatic assay, the effect of 10 µM CC-10004 was 
studied on the enzymatic activities of recombinant human PDEs.

 CC-10004 exhibited >91% inhibition of PDE4 subtypes A1A, B1, B2, C1, and D2.

Study Title:  Phosphodiesterase (PDE) Inhibitor Assays: Enzymatic Study of Six 
Compounds

Report PDE4-1001

Key Study Findings:

 The effect of 1 nM to 10,000 nM of CC-10004 in 10% DMSO on the enzymatic 
activities of seven recombinant human PDE4 enzymes was assessed in an in 
vitro enzymatic assay. The mean IC50 values of the compounds are summarized 
in the table below.

 Dose-dependent responses were obtained for all subtypes. The activity toward 
C1 inhibition was the least potent with an IC50 of 118 nM. CC-10004 reactivity 
with the other subtypes produced IC50 values ranging from 14 to 43 nM.

Table 4: IC50 of the compounds against PDE4 enzymes

Study Title:  SelectScreen Biochemical Kinase Profiling of CC-220 and CC-10004 
(Apremilast)

Report:  SSBK8217_23649

Key Study Findings:

 CC-10004 at 10 µM was tested for its ability to inhibit 255 kinases in Invitrogen's 
SelectScreen® Profile. 

 CC-10004 did not significantly inhibit any of the 255 kinases tested. One kinase 
that was initially positive was retested with additional doses and was negative in 
this follow-up assay.

EFFECT ON GENE REGULATION
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Study title:  Effect of Apremilast on Transcriptional Regulation and Gene 
Expression in Monocytes, Peripheral Blood Mononuclear Cells, Jurkat 
T Cell Leukemia and THP-1 Monocytic Leukemia Cells

Report 7600-011

Key Study Findings:

 Jurkat T cells and THP-1 monocytic cells were incubated with CC-10004 (0.1 - 1 
μM) alone, or with forskolin (10 μM each), or with IκB kinase (IKK) inhibitor VII 
followed by stimulation with recombinant human TNF-α (rhTNF-α) or LPS, 
respectively

 CC-10004 activated the PKA-CREB pathway, resulting in enhancement of cAMP 
responsive element (CRE)-driven gene transcription and inhibited NF-κB-driven 
gene transcription.

 A second study was conducted with human peripheral blood mononuclear cells 
and monocytes incubated with 1 μM CC-10004 and stimulated by LPS.

 CC-10004 inhibited the expression of numerous chemokine-, chemokine 
receptor-, and Th1 cytokine- genes and enhanced genes associated with anti-
inflammatory factors, such as the suppressor of cytokine signaling 3 (SOCS3), 
chemokine epithelial-derived neutrophil-activating peptide 78 (ENA-78), and 
growth factors amphiregulin and bone morphogenic protein 6 (BMP-6).

PHARMACOLOGY OF METABOLITES

There is extensive metabolism of CC-10004 as described in Section 5.1 of the NDA 
Review. Metabolites were evaluated for potential pharmacodynamic activity of PDE4 
inhibition and by the suppression of LPS-stimulated production of TNFα. M7 and M17 
were both nearly as potent as the parent CC-10004 in these assays. However, since the 
levels of these metabolites in blood are very low in all species, it is unlikely they would 
contribute substantially to the pharmacology or toxicological findings.

Refer to Appendix 4 for the Nov 2, 2006 review of Report 5275-179 and to Appendix 12 
for the May 13 2011 review of Report 5638-96 by Dr. Barbara Hill.

Study Titie:  PDE4 and TNF-α Inhibitory Activity of CC-10004 Metabolite M12 
([14C]O-desmethyl glucuronide

Report 5347-137

Key Findings:
 The M12 metabolite (CC-10004-O-desmethyl glucuronide) of CC-10004 was 

isolated from urine samples from a previous human pharmacokinetic study 
(Report 5275-179) and tested for PDE4 enzyme activity and for bioactiivity by 
quantifying TNFα release from lipopolysaccharide (LPS)-stimulated peripherial 
blood mononuclear cells, compounds added prior to LPS stimulation. CC-10004 
was used as a comparative positive control.
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 M12 inhibited PDE4 with an IC50 of 5.5 μM. CC-10004 had an IC50 of 0.080 μM.
 M12 inhibited TNFα release IC40 of 10 μM. The maximal dose was 10 μM, and 

this reach IC40, thus an IC50 was not determined. CC-10004 had an IC50 of 0.011 
μM.

Study Titie:  Phosphodiesterase 4 and Tumor Necrosis Factor-alpha Inhibitory 
Activity of CC-10004 S-isomer Metabolites M3, M12 (Synthesized), 
M16, and M17

Report 5424-75

Key Findings:
 Four metabolites of CC-10004 were tested for PDE4 enzyme activity and for 

bioactivity by quantifying TNFα release from lipopolysaccharide (LPS)-stimulated 
peripherial blood mononuclear cells. These were the S entaniormers of M3 (CC-
16085, O-desmethyl), M12 (CC-16166, O-desmethyl glucuronide), M16 (CC-
16557, acetamide hydroxyl-glucuronide) and M17 (CC-16401, acetamide-
hydroxy). All compound were synthesized. M12 used in the above Report 5347-
137 was a urine-isolated radioisotope.CC-10004 was used as a comparativer 
positive control.

 For PDE4 activity, M17 resulted in an IC50 = 0.094 μM, which was reasonably
similar to that of parent CC-10004 (IC50 = 0.047 μM). The others in potency rank 
order of potency were M16 (IC50 = 6.5 μM) M3 (IC50 = 8.3 μM), and M12 (IC50 > 
100 μM).

 All metabolites had inhibitory effects on TNFα activity. M17 had an IC50 = 0.021 
μM similar to parent CC-10004 (IC50 = 0.036 μM). M3 had an IC50 = 5.6 μM. Both
M12 and M16 produced ≈ 24% inhibition of TNFα production at 10 μM, and 
therefore could be considered IC24 = 10 μM.
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 The anti-inflammatory activity of CC-10004 was examined by assessing its effect 
in vitro on the level of 10 cytokines and chemokines. Luminex technology was 
used to determine the 50% inhibitory or enhancement concentration, IC50 or 
EC50, for CC-10004 effects on pro-inflammatory cytokines and IL-10 (anti-
inflammatory cytokine) from LPS-stimulated healthy human donor PBMCs.

 The cytokines and chemokines evaluated were tumor necrosis factor-alpha 
(TNF-α), interleukins IL-12 and IL-1β, granulocytemacrophage colony-stimulating 
factor (GM-CSF), macrophage inflammatory protein-1 alpha (MIP-1α), monocyte 
chemoattractant protein-1 (MCP-1), and secreted (RANTES), IL-8, IL-6, and IL-
10.

 The effects of CC-10004 are indicated in the Figure and Table below.
 Correlation analysis showed that inhibition of TNF-α production positively 

correlated with the IC50 for IL-12, GM-CSF, MIP-1α, and MCP-1. There was no 
correlation between the TNF-α IC50 and IL-1β and RANTES IC50, or with IL-6 and 
IL-10 enhancement, EC50.

Figure 1:  Concentration-Inhibition Response Curves for Cytokine Production

Table 6:  Summary of IC50 and EC50 values
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Study Title: Effect of Apremilast on Cytokine and Chemokine Production in LPS 
Stimulated Human Whole Blood Using the TruCulture System

Report 7600-043

Key Study Findings: 

 Human whole blood, ex vivo, was pre-treated for 1 hour with CC-10004 (0.5 and 
1.5 μM), then stimulated with LPS for 18 hours. Supernatants were analyzed 
using the Luminex multiplex assay. 

 CC-10004 at both doses inhibited cytokine release/production stimulated by LPS. 
The inhibited cytokines were TNF-α, IL-12/IL-23 p40, interferon gamma inducible 
protein 10 (IP-10), and MCP-1.  

 IL-23 p19 and total IL-23 was inhibited only by the higher dose of CC-10004.
 There was no effect on IL-10. 
 IFN-γ, IL-12 p70, IL-17A, and IL-22 were below the limit of quantitation. 

Study title:  Multiple Cytokine Profiling for Phosphodiesterase Type 4 Inhibitors 
CC-10004 and CC-11050 in Anti-CD3 Monoclonal Antibody 
Stimulated Human T cells

Report 5478-159

Key Study Findings:

 Apremilast was profiled for cytokine immunomodulatory activity in plate-bound 
anti-CD3 mAb-stimulated (18 hours) primary human T cells. 

 Anti-CD3 mAb was used to stimulate primary human T cells in an in vitro plate-
bound antibody assay.

 After incubation for 2 days, CC-10004 inhibited levels of cytokines of the Th1 and 
Th2 groups, and also IL-17 representative of Th17.

 The rank order of apremilast inhibitory potency for the T cell-derived cytokines 
indicating greater inhibition of Th2 cytokine production than Th1 cytokine 
production was: IL-5 (IC50 = 0.03 μM) > IL-17 (IC50 = 0.09 μM) > IL-10 (IC50 = 
0.19 μM) > IL-13 (IC50 = 0.28 μM) > TNF-α (IC50 = 0.93 μM) > GM-CSF (IC50 = 
1.0 μM) > IFN-γ (IC50 = 1.3 μM) > IL-2 (IC50 = 2.4 μM) > RANTES (IC50 = 4.1 μM)

 The applicant determined that at the maximum plasma concentrations in healthy 
human volunteers (Clinical Report CC-10004-PK-001, with a Cmax = 420 ng/mL 
on day 7 of a 40 mg once daily regimen) CC-10004 at a dose of 420 ng/mL 
inhibited Th1 cytokine production within a range of 40% (IL-2 and RANTES) to 
50% (TNF-α) and Th2 cytokine production within a range of 65% (IL-13) to 100% 
(IL-5). 

Study Title:  Therapeutic Effect of CC-10004 and CC-11050 in Collagen-Induced 
Arthritis

Report KIRP03604
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Key Study Findings:

 This report contained two studies: one on the effects of CC-10004 in the 
collagen-induced arthritis model which is presented in the collagen induced 
arthritis section later in the section, and an in vitro study of the effects of CC-
10004 in dissociated synovial membrane tissue samples from rheumatoid 
arthritis subjects. 

 Freshly obtained synovial tissue was dissociated and cultured in the presence of
CC-10004 for 48 hours. Cytokine levels in the supernatant were measured by 
ELISA. There was no effect on cell viability.

 CC-10004 inhibited TNF-α production both with an IC50 of 100 nM. There was no
effect on IL-6 or IL-10 levels. 

Study Title: Effects of Phosphodiesterase 4 Inhibitors CC-10004 and CC-11050 in 
Combination with Cyclosporine A, Methotrexate and Etanercept on 
Rheumatoid Arthritis and Psoriasis Associated Cytokine Production 
in Stimulated T Cells.

Report 5589-97

Key Study Findings:

 The effect of CC-10004 in combination with a second drug (cyclosporine A, 
methotrexate, or etanercept) in the reducing the concentrations of a number of 
assayed cytokines was studied in vitro in anti-CD3 monoclonal antibody-
stimulated T cells obtained from rheumatoid arthritis patients with either low or 
high cytokine levels. 

 Altered patterns of cytokines were found depending on the donor status (low or 
high cytokine levels), the combination of drugs, and the doses utilized. 

 Synergistic effects were infrequently observed with CC-10004 and methotrexate 
(IL-2 and IL-10, high cytokine donors), but was more common with CC-10004 
and etanercept or cyclosporine (INFγ,IL-10, IL-13, IP-10, MIP-1α, MIP-1β, and 
TNFα from high cytokine donors; and also for IL-4 from low cytokine donors).

 In a separate series of studies with Staphylococcal enterotoxin B (SEB)-treated 
peripheral blood mononuclear cells, there was no synergistic effects on cytokine 
levels with the CC-10004 methotrexate combination, but there was synergism 
with CC-10004 with either etanercept or cyclosporine (IL-10, IP-10, MIP-1α, MIP-
1β, and TNFα).

 Generally, the effects of CC-10004 and Methotrexate were non additive.

IN VIVO ANTIARTHRITIC AND ANTI-INFLAMMATORY ACTIVITY OF CC-10004

Anti-Inflammatory Activity
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A number of animal models were used to demonstrate the anti-inflammatory effects of 
CC-10004, summarized in the applicant's table below. Various stimuli were used to 
induce inflammation as measured usually by an increase in TNFα or some other 
inflammatory mediator. CC-10004 was used to demonstrate a dose-dependent 
inhibition in TNFα levels. Studies listed in the table below found that CC-10004 inhibited 
TNFα production or levels in a dose dependent manner when stimulated by LPS in mice 
and 1% carrageenan in rats. Other models included subdermal air-pouch and 
nociceptive stimuli to induce both pain and inflammation. CC-10004 appeared to be 
beneficial in pain associated models when the dose was increased over those 
paradigms in which there was an absence of apparent pain.

CC-10004 Antiarthritic and Anti-inflammatory Activity In Vivo

Collagen Induced Arthritis:

Two variations of the collagen induced arthritis mouse model were studied with 
generally similar findings, summarized here as an adjunct to the applicant's table below.

The model is subject to inconsisitency in the development of arthritic disease which 
hampers the interpretation of the effectiveness of drug treatments. Overall CC-10004 
reduced paw edema and thickness, signs of acute inflammation, and reduced the 
severity of joint (ankle) disease that correlated with histological findings. Quantifying the 
observations by numerical scoring, coupled with statistical analysis, however, did not 
always reflect the supposed effectiveness of CC-10004, and this was attributed to the 
less severe disease indicators in the comparison control groups. 

Study Title:  Mouse Type II Collagen Arthritis Model
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Report WEL01027

Key Study Findings:

 Mice were immunized against collagen with an intradermal injection at the base 
of the tail of fetal calf type II collagen incomplete Freund's adjuvant. At day 21 
postimmuniztion, mice were injected with lioploysaccharide (LPS, 50 µg, sc).  
CC-10004 (5 or 25 mg/kg/day) or vehicle (0.5% methylcellulose) was 
administered once daily from day 21 (1 hour after LPS) to day 34. There were 
20-30% nonresponding control collagen-treated mice in the study (those that 
failed to show joint disease).

 Paw edema (considered an acute inflammatory response) was assessd 4 days 
after LPS injection (day 25 postimmunization). CC-10004 treated mice (10 
mg/kg, po) had a 28% reduction in edema score compared to collagen treated 
controls, and similar to prednisolone (1 mg/kg, po). 

 Joint stiffnes and deformity (considered a measure of T-cell mediated 
inflammation) was assessed on day 28 (8 days after LPS administration).

 At day 35, CC-10004 treated mice had a reduction of mean severity score of 
49% compared to the collagen control group.

Study Title:  Effect of CC-11050, CC-10004,  on Mouse 
Collagen Induce Arthritis

Report AP707R-AP830R

Key Study Findings:

 This was similar in experimental methodology and design as the above study, 
with the exception that nonresponding mice (those without signs of arthritis) were 
culled. CC-10004 (1, 5 or 25 mg/kg/day, po) was administered from day 26 to 
including day 42. The vehicle was 0.5% carboxymethylcellulose/0.25% Tween 
80.

 CC-10004 (5 and 25 mg/kg/day) inhibited disease severity only on day 42.

Study Title:  Therapeutic Effect of CC-10004 and CC-11050 in Collagen-Induced 
Arthritis

Report KIR-P03604

Key Study Findings:

 This was similar in experimental methodology and design as the above studies,  
CC-10004 (5 or 25 mg/kg/day, ip) or vehicle (0.5% 
carboxymethylcellulose/0.25% Tween 80) was administered daily from the onset 
of arthritis for 10 days. Culling of nonresponders was not mentioned.

 CC-10004-treatment group had reduced the clinical severity scores and reduced 
histological evidence of arthritic severity compared to the control group.
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 In vitro cultures of the draining inguinal lymph node cells from untreated collagen-
immunized mice were stimulated by the addition of collagen or anti-CD-3 
monoclonal antibodies in the presence of CC-10004 had reduced T cell 
proliferation and reduced TNFα and IFNγ production. There was no effect on Th2 
cytokine or IL-5.

 In cultures from mice treated daily with CC-10004 compared to control treatment, 
there was no effect on basal levels of anti-collagen IgG1 or IgG2, IFN, IL-5, or 
IL10. 

Study Title:  Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

Reports CLG/001/EM and CLG/001/EM-Histology

Key Study Findings:

 Arthritis was induced by an intravenous injection of a cocktail of 4 monoclonal 
antibodies followed 72 hours later by an injection of LPS (2.5 mg/kg, ip). CC-
10004 (1, 5, or 25 mg/kg/day, po) or vehicle (0.5% carboxymethylcellulose/0.25% 
Tween 80) was administered once daily for 5 days starting on the day of LPS 
injection (day 3 from the administraion of the antibody cocktail and animals were 
monitored for 9 days in total from the administration of the anitbody cocktail). A 
number of animals were administered Talwin (pentazocine) on day 7-9 for animal 
welfare concerns. This had no apparent effect on arthritic scoring.

 Paw thickness and hind-paw arthritic reactions were dose-dependently reduced 
with CC-10004 treatment of 5 and 25 mg/kg/day.

 Histological scoring of 8 parameters of the tissue of the hind-limb ankles (not 
mentioned but assumed a day 9 termination) indicated the control group were a 
grade 3 or moderate severity on day 9, and there was essentially no signs of 
arthritis in the 25 mg/kg CC-10004 treatment group (grade 0), the only dose 
group examined.

Study Title: Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

Reports CLG/002/EM and CLG/002/EM-Histology

Key Study Findings:

 The paradigm of the above study was repeated with doses of CC-10004 (5 and 
25 mg/kg/day, po) administered for 11 days.

 CC-10004 treatment reduced hind-paw thickness and arthritic scores.
 Quantitative histological assessments found the control animals had a minimal to 

moderate severity in total score. The effects of CC-10004 were not different from 
controls. 

 Included in the study was a positive control group treated with Embrel (6.25 
mg/kg/day, po) that exhibied similar responses as CC-10004 treatment, with the 
exception that this group had significant inhibition of inflammation and cartilage 
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damage. Another group consisting of the combination treatment Embrel (5 
mg/kg/day) with CC-10004 (5 mg/kg/day) had histological findings  similar to 
Embrel (6.25 mg/kg/day) group. The histological analysis of this group was also 
not different from the controls.

 The applicant suggests these lack of differences were due to control group 
having a minimal to moderate severity of disease, rather than a more severe 
condition to make comparisons.

 The "Table 1. Histopathology Summary Sheet" was not present in the report and 
the actual numbers and animal variation is therefore unknown.

Study Title: Evaluation of Anti-Arthritic Activity in the mAb/LPS-induced 
Experimental Murine Arthritogenic Model

Report CLG/003/EM Report CLG/003/EM-Histology

Key Study Findings:

 Study GLG/002/EM was repeated without the combination treatment group, but 
included another applicant compound under development. 

 CC-10004 (5 or 25 mg/kg/day, po) administered for 11 days produced a similar
reduction in hind-paw thickness and arthritic scores as found previously.

 Histological analysis found the control animal severity to be minimal to mild, with 
no siginifcant inhibition in the other groups including CC-10004 treatment.

 The applicant estimated the control animal's disease severity was about 50%
less than occurred in study CLG/002/EM.

Study Title:  Evaluation of CC-10004 in combination with methotrexate (MTX) and 
indomethacin in the collagen induced arthritis model

Report MDCG6

Key Study Findings: 

 Arthritis was induced in DBA/1 mice (n=10/group) by an intradermal injection of 
collagen in complete Freund's adjuvant on day 1 and boosted with a second 
injection on day 21. 

 Signs of arthritis were first observed on day 17. Once daily from day 17 onward, 
CC-10004 (5 mg/kg) was administered PO either alone or in combination with 
indomethacin (3 mg/kg PO) or methotrexate (1 mg/kg IP). 

 CC-10004 had no effect on clinical score or mean paw thickness compared with 
vehicle-treated group.

 From day 29 onward, methotrexate-treated mice had lower scores than the 
vehicle treated group. From day 34 onward, indomethacin-treated mice had 
lower scores than the vehicle treated group.

 The combination of CC-10004 with either methotrexate or indomethacin did not 
further reduce arthritis scores.
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CIA = collagen-induced arthritis; ED50 = median effective dose; IP = intraperitoneal; LPS = 
lipopolysaccharide; mAb = monoclonal antibody; PO = oral; QD =daily; TNF-α = tumor necrosis factor-
alpha.

Other Arthritis and Psoriasis Models

4.2 Secondary Pharmacology

With the exception of a few studies reviewed below, the majoriy of animal model studies 
were not reviewed because they mostly pertain to studies of CC-10004 under conditions 
or in animals models other than those pertinent to psoritic arthritis, and the general 
effects on inflammatory mediators were previously reviewed.

Refer to Appendix 3 for the Dec 2, 2005 review of Secondary Pharmacology studies by 
Dr. Paul Brown. Additional studies are summarized below.
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CC-10004 was created by modifications to thalidomide. The study summarized here is 
important for distinquishing CC-10004 from thalidomide and related analogs that have a 
known toxicity during fetal development. 

Study Title:  CC-10004 (Apremilast) Does Not Bind Human Cereblon
Report 2744-121

 Apremilast does not bind appreciably to endogenous human cereblon (CRBN), 
and therefore has a different pharmacodynamic profile than thalidomide and its 
related approved and marketed drugs thalidomide (CC-2001), and its analogs 
lenalidomide (CC-5013) and pomalidomide (CC-4047). CRBN is a component of 
the E3 ubiquitin ligase complex, the binding target of thalidomide, lenalidomide 
and pomalidomide.

 CC-10004 (up to 100 µM) was tested in a competition assay for the binding of 
human U266 CRBN to the thalidomide analog affinity beads. 

Figure 2: Competition Assay of Thalidomide Analog Beads Binding to Human 
U266 Cereblon

Study Title: Therapeutic Index of SelCIDs in Ferret Lung Neutrophilia and Emesis 
Model

Report 121401

Key Study Findings:

 Male ferrets (Mustela Pulorius Furo, weighing 1 – 2kg) were orally (gavage) 
administered a single dose of CC-10004 ranging from 0.1 to 30 mg/kg. Thirty 
minutes after dosing, animals were exposed in a closed chamber to an aerosol of 
LPS (100 ug/mL) for 10 minutes, then returned to theri cages and observed for at 
least 2.5 hours. At 6 hours after CC-10004 treatment, animals were killled and 
bronchoalveolar fluid was obtained by lavage and examined for neutrophil 
numbers.
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 Since there were no control animals without LPS, it is unknown if LPS exposure 
contributed to an emetic reaction, but CC-10004 produced a dose-responsive 
emetic reaction in ferrets.

 Retching without emesis was observed at 10 mg/kg in 2 of 6 animals. 
 Moderate to marked emesis occurred at 30 mg/kg in 3 of 4 animals.

Study Title:  Evaluation of CC-10004 in the T and B cell Transfer Model in Mice
Report MDCG5

Key Study Findings: 

 This study tested the effect of CC-10004 on the adaptive immune response 
following IV injections in IgHb mice of antigen specific T-cells (which recognize 
hen egg lysozyme, HEL antigens) and B-cells (which recognize ovalbumin, OVA, 
antigens). 

 Mice were orally administered 5 mg/kg CC-10004 once daily for 12 days, from 
one day -1, before the day of T cell or B cell injection, until 12 day. On Day 0, 
mice were immunized SC with OVA-HEL.

 There were no effects on the following: T cell activation markers CD69 or CD25 
or on expression of B cell co-stimulatory molecules CD86, CD40 or MHC II. 

 CC-10004 prevented down regulation of CD62L on activated T cells and 
increased CD80 expression on the transgenic B cells. 

 CC-10004 did not alter the relative in vitro proliferative ability of Tg T cells.
 CC-10004 did not have any significant effects on the production of OVA-specific 

IgG1, IgG2a or IgMa. 
 The effects of apremilast on the adaptive immune responses of T and B cells 

were minimal.

Study Title: Effect of PDE4 Inhibitors and IMiDs® on Human Dermal Fibroblast 
Proliferation and PAI-1 Production

Report 5570-044

Key Study Findings:

 Human dermal fibroblasts (HDFs) were treated for 1 hour with CC-10004 
(0.00001 - 10 μM). Cells were then stimulated by the addition of IL-1β (1 ng/mL), 
TNF-α (5 ng/mL), or IFN-γ (20 ng/mL) and incubated for 72 hours. 3H-thymidine 
was added and allowed to incorporate into dividing cells for 6 hours. 

 CC-10004 had no anti-proliferative effect on HDF or HDF survival.

Study Title: Effect of Apremilast on Primary Human Osteoclasts and Osteoblasts 
In Vitro

Report 7645-001

Key Study Findings:
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 Bone marrow mononuclear cells and normal human osteoblasts and were 
incubated with CC-10004 (0.1 - 1 μM) for 7 days.

 In both culture types, oteroclastogenesis was inhibited in association with a 
decrease in form of soluble RANKL (sRANKL) protein expression and an 
increase in BMP-6 gene expression.

 CC-10004 decreased the sRANKL/OPG protein ratio in both osteoclast and 
osteoblast cultures, and the effect was more pronounced in the osteoblasts. 

 Positive controls rolipram, alendronate, and sulphasalazine had no effect on the 
sRANKL/OPG protein ratio, indicating that CC-10004 acts by a distinct 
mechanism.

Study Title: The Effect of Thalidomide and IMiDs including lenalidomide (CC-
5013), CC-11006, and CC-10015, and the PDE4 inhibitors CC-10004 
and CC-11050 on Thromboxane B2 and Prostacyclin Production in 
Endothelial Cell/Platelet Co-Cultures

Report 5299-148

 CC-10004 was added to human peripheral blood mononuclear cells at doses up 
to 100 μM, and COX-2 expression and PGE2 formation was measured.

 CC-10004 increased COX-2 and PGE2 production by LPS- or 
phytohemagglutinin (PHA)-stimulated HPBMCs by 50% to 100%, 

 CC-10004 added to human umbilical vein endothelial cells  or platelets did not 
affect either prostacyclin or thromboxane production.

 The lack of effect on eicosanoids in HUVEC was use to suggest that apremilast 
would not present a risk of vascular thrombemobolic events by this mechanism, 
differing from COX-2 inhibitors.

4.3 Safety Pharmacology

Refer to Appendix 2 for the Sept 7, 2005 review of Safety Pharmacology studies by Dr. 
Paul Brown. These included neurobehavioral evaluations in mice (Report 1398-443), 
hERG channel assay for IKr (Report 031206.DFN), and a combined cardiovascular and 
respiratory evaluation in anesthetized dogs (Report 1390-264-D6146). The results of a 
gastrointestinal safety study are presented below.

Study Title:  CC-10004: Gastrointestinal Motility Assessment Following Oral 
Administration to Male CD-1 Mice

Report CC-10004-TOX-1171

Key Study Findings:

 Oral administration (gavage) of CC-10004 at doses up to 1000 mg/kg to male 
mice had no effect on intestinal mobility (distance traveled of an oral gavage
administered charcoal suspension).
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5 Pharmacokinetics/ADME/Toxicokinetics

Pharmacokinetics/ADME studies were previously reviewed under  and are 
provided in the Appendices (Appendix 2, review of September 7, 2005; Appendix 6,
review of Dec 10, 2007; Appendix 9, review of July 21, 2009; Appendix 12, review of 
May 13, 2011; and Appendix 12, April 4 2012. The major findings from these studies are 
summarized below.

5.1 PK/ADME

ADME STUDIES

The main studies for characterizing the absorption, distribution, metabolism, and 
elimination of CC-10004 were conducted under GLP regulations. Radiolabeled [14C]-
CC-10004 was administered both orally by gavage and intravenously. Although studies 
were conducted in the mouse, rat, rabbit, and monkey, the emphasis of the review will 
be on the mouse and monkey studies since species were used in the majority of the 
toxicology studies. 

MOUSE

Key ADME Findings in the Mouse:

 CD-1 Mice (n/3/sex/dose/timepoint/) were administered [14C]-CC-10004
(apremilast) intravenously (IV) at 10 mg/kg or orally at 500 mg/kg.

 With IV dosing, detectable levels of radioacitivity were present in whole blood 
and plasma at the last sampling time point (48 h after dosing) in both sexes due 
to the presence of metabolites. 

 With IV dosing, [14C]-CC-10004 had a shorter elimination time, 1.7 hours in 
males and 2.3 hours in females, compared to total radioactivity in plasma 
approximately 19 hours in males and 30 hours in females. This was slightly 
longer in whole blood indicating possible cellular penetration. 

 With oral dosing, the terminal elimination half life of [14C]-CC-10004 was 
approximately 15 hours in males and 22 hours in females with similar values for 
plasma and blood.

 Oral bioavailability ranged from approximately 20% to 33% (average 27%).
 There was no significant sex-related difference in toxicokinetic parameters of CC-

10004. 
 The exposure to parent-derived radioactivity (i.e., metabolites) was about 2-fold 

higher than that of the parent.
 There was no detectable chiral conversion of CC-10004 (S-enantiomer) to 

in mice (Reports CC-10004-TOX-002 and CC-10004-
TOX-004).

Mouse Tissue Distribution of [14C]-CC-10004
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 The mean (n = 3) concentrations of radioactivity were measured by quantitative 
whole-body autoradiography in the tissues of albino mice up to 24 hours after 
dosing.

 Absorbed radioactivity was rapidly distributed into the tissues.
 The highest levels of radioactivity were generally associated with the principal 

organs of biotransformation and excretion (ie the liver and kidney), and the
pancreas, and gall bladder (billiary elimination). 

 Concentrations measured in the central nervous system were consistently low. 
indicating that penetration of the blood/brain barrier was limited. 

 Males and females had similar patterns of tissue distribution.
 Radioactivity with not associated with melanin-containing tissues (ie uveal tract 

and pigmented skin) in pigmented male mice.
 By the 72 h sampling time levels were below the lower limit of quantification of 

0.71 μg eq/g, except for the liver and, for males only, the kidney (cortex and 
medulla), skin, uveal tract, nasal mucosa and gastrointestinal mucosa. 

 Radioactivity was not detected in any tissues at 168 h after dosing or later.

MONKEY

Key ADME Findings in the Cynomolgus Monkey:
 Bioavailibility of total administered radioactivity was approximately 78% in plasma 

for a 10 mg/kg oral dose. However, it was not possible to calculate the 
bioavailability of [14C]-CC-10004 due to the lack of detection of [14C]-CC-10004 
from the low dose from intravenous dosing.

 In multiple-dose toxicity studies with monkeys, there was a dose-related increase
in exposure but this was less than dose proportional (refer to Reports 1398/296, 
1398/368, and CC-10004-TOX-005). 

 There was slight accumulation of apremilast following multiple dosing at high 
doses, but this finding was inconsistent across studies. 

 There were no sex-related differences in pharmacokinetics parameters.
 CC-10004 (S-enantiomer) did not convert to  in 

monkeys (Report CC-10004-TOX-005).

RAT

Due to substantial differences toxicokinetics between the male and female rat in early 
single dose (Reports1398/276 and 1398/277) and short term repeated dose studies in 
the rat (Reports 1398/213), only a 2-year carcinogenicity bioassay study (Report CC-
10004-TOX-007) along with its 3-month repeated dose range-finding study (Report 
10004-TOX-003) were conducted.

An ADME study(Report 1398/259-D1145) found that males more extensively 
metabolized [14C]-CC-10004 than females. In males, plasma total radioactivity was 25-
96 times greater than for [14C]-CC-10004 parent, but in females total radioactivity was 2-
3 times grater than for the [14C]-CC-10004 parent. In another study (Report 1398/215), 
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there was greater systemic exposure to CC-10004 in females than males, following 
either oral administration (10 or 50 mg/kg, 32-85-fold greater in females) or intravenous 
administration (5 mg/kg dose, 4-6-fold greater in females). The bioavailability following
oral dosing for CC-10004 was approximately 11.5% in males and 63% in females.

RABBIT

Preliminary studies in the rabbit indicated that adequate systemic exposure of CC-
10004 could not be obtained due to poor bioavailability (Reports 1398/290, 1398/291, 
and 1398/292) and an intravenous infusion repeated dose range-finding study resulted 
in early termination due to moribundity. Therefore, the rabbit was not an appropriate 
species for CC-10004 study Report 1398/292 mentioned that possible causes of poor 
bioavailability (e.g., absorption, metabolism) or instability in frozen samples stored prior 
to analysis were being investigated. Report 1398/261 found that the metabolism of CC-
10004 by rabbit microsomes under in vitro conditions occurred faster than the other 
species examined (rabbit>>monkey>mouse=male rat>human>dog>female rat), but it is 
doubtful this would explain why samples were not detectable at the first sampling 
timepoint.

Also, the applicant mentioned that stability data for CC-1004 stored frozen for an 
extended period of time will be available in October 2003 as Report 1398/366. However, 
since this report was not submitted the stability question is unanswered. It is possible 
the study was not completed since an alternative species, cynomolgus monkey, was 
utilized in another developmental toxicology study. 

BRAIN UPTAKE

Study Title:  A final summary report of the in vivo pharmacokinetic and ADME 
data generated on five Celgene PDE-4 inhibitors in the rat and ferret

Report QSK121001

Key Study Findings:

 Although the applicant states that brain:plasma ratio of CC-10004 was low in the 
rat and ferret, <10%, there were ratios in the 30% range. The data were not 
clearly presented and some tables appear to be mislabeled, therefore this study 
was not useful for assessing brain uptake and possible CNS-mediated emetic 
responses.

PROTEIN BINDING

Key Study Finding:  
 Less protein binding occurs in human plasma (68%) than in mouse (89%), rat 

(91%) and monkey (84%), the main toxicology study species.

DISTRIBUTION INTO MILK 
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Key Study Findings:
 Lactating CD-1 mice, on approximately 13 days post-partum, were administered 

a single oral dose of 10 mg/kg CC-10004 in 1% sodium carboxymethylcellulose 
vehicle (~10 to 11 weeks of age when mated).

 Milk and plasma was collected from 5 animals/time point at approximately 1, 6 
and 24 h post-dose.

 The peak average concentration of CC-10004 occurred at 1 h postdose, and 
were 984 and 1441 ng/mL in plasma and milk, respectively.

 Concentrations were below the limit of quantitation (3 ng/mL) by 24 h post-dose.
 The average milk to plasma concentration ratios were 1.46 and 1.62 at 1 and 6 h 

postdose

PLACENTAL TRANSFER INTO THE FETUS

In the mouse and monkey embryofetal developmental studies, assessments were made 
of CC-10004 concentrations in the fetus (mouse) or umbilical cord blood (monkey) at 
the end of the study prior to necrospy and fetal examination. In both species, CC-10004 
was detected in the fetal compartments. Refer to Section 9.2 of this NDA review for 
Reports CC-1004-TOX-012 (mouse) and CC-10004-TOX-013 (monkey) for additional 
information and specific findings.
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METABOLISM

Table 8:  Nomenclature of CC-10004 Metabolites
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IN VITRO METABOLISM

Key Study Findings

Liver Microsome Metabolism (Report 1398/261-D1145)
All the metabolites formed by human liver microsomes were formed by microsomes of 
one or more animal species.
The order of the extent of metabolism from greatest least was rabbit >> monkey > 
mouse = male rat > human > dog > female rat.
The rat was the only species with sex differences in the metabolism of CC-10004.
Incubation of [14C]-CC-10004 with liver microsomes resulted in both enzymatic (CYP-
mediated) and non-enzymatic means (hydrolysis, forming M1/M2 and M7).
The major metabolite, M3, was formed in all species except the female rat.
M5 was formed in the mouse and monkey. 

Heptocyte Metabolism (Report CC-10004-DMPK-023)
[14C]-CC-10004 was metabolized most extensively by rabbit hepatocytes, moderately by 
rat hepatocytes, and to a limited extent by hepatocytes from the mouse, dog, monkey, 
and human.
Twelve metabolites (M1/M2, M3, M4, M7, M11, M12, M14, M15, M16, M17, M18 and 
M23) were characterized or identified.
All metabolites formed in vitro by human hepatocytes were formed by hepatocytes from 
one or more animal species, although the amounts differed among the species.

CYP Isozyme Induction by CC-10004 (Report CC-10004-DMPK-012)
CC-10004 treatment of cultured human hepatocytes produced a concentration 
dependent (1, 10, and 100 µM) increase in CYP3A4 activity, a decrease in CYP1A2 and 
CYP2C9 activity, and no effect on CYP2B6 or CTP2C19 activity.
There was no hepatocyte cytotoxicity determined by LDH release in the culture medium.

Metabolism of Adult and Juvenile Microsome (Report CC-10004-DMPK-038)
There was no qualitative differences in studies of hepatocytes or microsomes in the 
types of metabolites and amounts formed betweeen human adults and juveniles.
There was also no diference between male mouse adults and juveniles.

The table below indicates that a number of metabolites are formed (M1, M2, and M7) in 
the absence of NADPH, implying the absence of CYP isozyme activity.  

Table 9:  Summary of In Vitro Metabolism of [14C]-CC-10004 by Liver Microsomes
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In Vivo Metabolism

Key Study Findings

Metabolism in the Mouse (Report 1398/376-D1145)
A single dose of [14C]-CC-10004 was administered either orally by gavage (500 mg/kg) 
or intravenously (10 mg/kg) to mice. 
The metabolite profiles obtained from plasma, urine, and feces were qualitatively similar
for both routes and both sexes.
Hydrolysis products M1 and M2 were the major components of plasma radioactivity.
Metabolites detected in urine and feces included M1/M2, M3, M9, M12, M15, M19 and 
M22 in approximately similar amounts between males and females for each of 
metabolite.  

Metabolism in the Mouse (Report CC-10004-DMPK-031)
Male mice (intact or bile duct cannulated, BDC) were administered a single 10-mg/kg 
oral dose or 5- or 10-mg/kg IV dose of [14C]-CC-10004.
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Unchanged [14C]-CC-10004 and M12 (glucuronide conjugate of O-demethylated CC-
10004) were the major components in mouse plasma, with minor amounts of M13 and 
M14, and trace amounts of M7, M16, M17 and M18 present.
Bile was a major excretion route of [14C]-CC-10004., with 53.9% of the oral dose and 
59.1% of the IV dose found in bile with M12 and M13 accounting for 30% and 10% of 
the dose during the first 48 hours.
An average of 15.1% (oral) and 17.8% (IV) of the dose was recovered in male BDC 
mouse urine from the oral and IV groups during the 0-48 h time period, with M12 
comprising 4.01%and M13 comprising 7.14% of the dose.

Metabolism in the Rat (Report 1398/259-D1145)
[14C]-CC-10004 was administered orally, either as a single dose at 10 mg/kg or as a

single dose preceded by 6 daily doses of non-radiolabeled apremilast (10 mg/kg/day), in 
order to assess the effect of repeated dosing. 
There was little to no [14C]-CC-10004 detected in plasma.
The major metabolites in male plasma was an unidentified, early eluting (ie polar) 
component (RP1) and M12, whereas in females [14C]-CC-10004, RP1, M1/M2,  and 
M12 were detected.
The principal metabolite in urine was M12 with similar amounts in males and females. 
The amounts of [14C]-CC-10004 parent and M1/M2 were greater in females than males.
The principle metabolite in feces was M3, with higher concentrations in males than 
females. Unchanged [14C]-CC-10004 and M1/M2 were higher in females

Metabolism in the Rabbit (Report 1398/387-D1145)
A preliminary study was conducted in female rabbits in which they were orally 
administered by gavage 1000 mg/kg (100 μCi/kg) of [14C]-CC-10004.
The rabbit had negligible drug CC-10004 exposure in the embryofetal development 
toxicology studies (Reports 1398/290, 1398/291, and 1398/292) and a different species 
(monkey) was selected for study. 
Due to the relatively low specific activity of [14C]-CC-10004 by the time this metabolite 
study was conducted, metabolite profiling by HPLC with radioactive detection could not 
be conducted and few metabolites could be detected. 
One animal contained a glucuronic acid conjugate of O-desmethyl-CC-10004, (M12) 
which was interpreted to probably be a major metabolite.

Metabolism in the Monkey (Report 1398/399-D1145)
Cynomolgus monkeys were administered [14C]-CC-10004, an IV dose of 1 mg/kg and 
an oral dose of 10 mg/kg in a crossover design with a 28 day period between 
treatments.
The metabolites observed in plasma include M1, M2, and M12, in addition to two polar
metabolites (MkP2 and MkP3), which could not be identified due to interference from 
high levels of [14C]-CC-10004.
The metabolites observed in plasma include M1, M2, and M12, in addition to two polar
metabolites (MkP2 and MkP3), which could not be identified due to interference from 
high levels of endogenous material. Two minor metabolites were identified as the two 
isomers of M15 (O-desmethyl hydrolyzed apremilast glucuronide).
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Little or no [14C]-CC-10004 parent was excreted in urine and feces. The major urinary 
metabolite was M12 with small amounts of M15, M9, M1/M2, M13, and M3 also 
detected. 
The principal metabolites in feces were (M3), and two possible isomers of M19 and M10
at low levels.

Major metabolites and Interspecies Comparison of Metabolism

In the clinical study of CC-10004-PK-002 (refer to the Clinical Pharmacology review), 
the major metabolite was M12, (CC-16166, O-demethylated glucuronide comprising 
about 86%of the total radioactive dose of [14C]-CC-10004.
Although the levels of this metabolite were much greater than in the toxicologcal study 
species, M12 was a glucuronide conjugate and it was not necessary to conduct further 
toxicological assessments, since glucuronides are pharmacologically and probably 
toxicologically inactive.

The applicant's table below summarizes the plasma levels of metabolites following oral 
administration of [14C]-CC-10004 in humans and the toxicological study species.

Table 10:  Estimated Exposure Ratios of Apremilast (CC-10004) and Metabolites M3, 
M7, M12, and M17 in Mouse and Monkey to Human

AUC = area under the plasma concentration-time curve; BID = twice daily dosing; NA = not applicable; 
NC = not calculated, but presumed to be > 1 based on available data; ND = not detected.
a

AUC values for M3 and M12 in the 6 month mouse study (Report CC-10004-TOX-004) were determined 
using a validated bioanalytical assay and are from the NOAEL of 10 mg/kg/day. M7 and M17 AUC values 
in the 6 month mouse study were estimated based on the apremilast AUC in the study multiplied by the 
metabolite to apremilast ratio observed in plasma from the mouse metabolism study: 0.01 for M7 and 
0.012 for M17 (Report CC-10004-DMPK-031)
  b

M7 and M17 AUC values at the highest dose in the mouse carcinogenicity study (Report CC-10004-
TOX-006) were estimated based on the apremilast AUC in the study multiplied by the metabolite to 
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apremilast ratio observed in plasma from the mouse metabolism study: 0.01 for M7 and 0.012 for M17 
(Report CC-10004-DMPK-031) 
c 
AUC vlues for M3 and M12 in the 12 month monkey study (Report CC-10004-TOX-005) were 

determined using a validated bioanalytical assay and are from the NOAEL of 600 mg/kg/day. M7 and 
M17 were not detected in monkey plasma.
d

Apremilast arithmetic mean total drug exposure (steady state AUC24h; population-based estimates) at 
the highest therapeutic dose of 30 mg twice daily obtained in clinical Phase 2 Study: CC-10004-PSOR-
005.
e 
All animal data are presented as male/female

f
Data for human exposures to M3 and M17 are from a single 20 mg dose in the human AME study (CC-

10004-PK-002), which indicated they were trace metabolites in human plasma.
g

Human plasma exposure to M12 was collected using a validated bioanalytical assay following 30 mg 
twice daily dosing on Day 5 in clinical study CC-10004-PK-008. The AUC value in the table is calculated 
based on the M12 to apremilast AUC ratio in clinical study CC-10004-PK-008 multiplied by the steady 
state apremilast exposure in psoriasis patients at 30 mg BID (7308 ng•h/mL).
h

Human plasma exposure to M7 was collected using a validated bioanalytical assay following a single 20 
mg dose in clinical study CC-10004-PK-005. The AUC value in the table is calculated based on the M7 to 
apremilast AUC ratio in clinical study CC-10004-PK-005 multiplied by the steady state apremilast 
exposure in psoriasis patients at 30 mg BID (7308 ng•h/mL).

Table 11:  Proposed Metabolic Pathways of Apremilast (CC-10004)
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EXCRETION

Biliary excretion with fecal elimination is the major route of CC-10004 excretion in the 
mouse and monkey. This was demonstrated in studies comparing samples from intact 
and bile duct cannulated mice. Although there were no bile duct cannulated monkeys,
intravenous administration of [14C]-CC-10004 resulted in high amounts of radioactive 
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fecal elimination which is only explained by biliar excretion, if there were no 
gastrointestinal lesions resulting in direct gastrointestinal leakage. 

CC-10004 is extensively metabolized. Except for the mouse, there is less unchanged 
CC-10004 excreted in the animal studies than for humans. The major excreted form in 
humans is M12 the O-demethylated glucouronide (34%) and M3 the O-demethylated 
product (5-8%), with 7% unchanged CC-10004. In the monkey, M9 the hydrolysis 
products of O-demthylation (28-40%), and M3 (9-17%) are the major excretion forms, 
with very little up to 0.05% unchanged CC-10004. In the mouse, M12 (37% in one 
study), M13 the O deethylated glucuronide (13%), M9 (13-14%), and M3 (6-8%) were 
the major excretion forms, with unchanged CC-10004 parent comprising 4% or 16-23% 
depending on the study.

5.2 Toxicokinetics 

Refer to the individual species studies in Section 6.2 Repeated Dosing of this NDA 
review for toxicokinetic values and interpretation.

6 General Toxicology

6.1 Single-Dose Toxicity

Single-dose oral and intravenous toxicity studies were conducted in mouse and rat. 
Refer to the review of Septempter 5 2007 for  by Dr. Paul Brown, located in 
Appendix 2. 

6.2 Repeat-Dose Toxicity

MOUSE

Repeat-dose oral toxicity studies in mice were conducted for durations of 14 days 
(Reports 1398/262), 4 weeks (Reports 1398/289, 1398/297, and 1398/333), 3 months 
(Report 1398/373 and CC-10004-TOX-002), and 6-months (Report  CC-10004-TOX-
004) and were previously reviewed under  Refer to Appendix 2 for the Sept 
7 2005 review, Appendix 6 for the Sept 25, 2007 review, Appendix 7 for the Dec 10, 
2007 review, Appendix 8 for the April 30 2008 review.

A repeat-dose oral toxicity study in mice was also conducted to investigate the recovery 
from adverse findings (Report 1398/262 in the Dec 10 2007 and Aug 26 2010 reviews
located in Appendices 7 and 10, respectively). See Pharmacology/Toxicology review to 

 dated Auguest 26, 2010 for complete details.

Salient results from these studies are presented in Section 11 Integrated Summary and 
Safety Evaluation of this NDA Review.

RAT
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A 13-week rat oral toxicity study (Study no. 1398/213) was conducted for the purpose of 
identifying doses for a 2-year carcinogenicity bioassay in the rat. Pronounced sex 
differences in toxicokinetics and associated toxicities were observed in the rat. In
females, smaller doses resulted in a much larger drug exposure and toxicity was 
evident at doses lower much lower than for male induced toxicity. Females were more 
sensitive to CC-10004 than males. Refer to Appendix 6 for the review Sept 25, 2007 of 

 by Dr. Barbara Hill that was conducted to select doses for the 2-year 
carcinogenicity bioassay..

MONKEY

Repeat-dose oral toxicity studies of 14 days (Study nos. 1398/283), 3-months (Study 
nos. 1398/368), and 12-months (Study no. CC-10004-TOX-005) were previously 
reviewed under  Refer to Appendix 2 for the September 7, 2005 review, 
Appendix 7 for the Dec 10, 2007 review, and Appendix 8 for the April 30, 2008 review. 
Salient study results are discussed in Section 11 Integrated Summary and Safety 
Evaluation of this NDA Review.

Although the pilot study in monkeys below was not previously reviewed, it did help 
define a maximally tolerated dose, which was incorporated into determining doses in the 
longer duration studies. It is reviewed here to present the toxicological findings at high 
doses of CC-10004. 

Study title:  14-day oral (gavage) pilot study with CC-10004 in cynomolgus 
monkeys

Study no.: CC-10004-TOX-010
Study report location: Module 4.2.3.2

Conducting laboratory and location:

Date of study initiation: July 28, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: CC-10004, 

Batch 59275-06 (Phase 1 study), Purity 
99.9%, (Impurity 
Batch 59692-07 (Phase 2 study), Purity 
99.6%, (Impurity 

Amendment 1, signed Feb 6 2013
At the applicant's request, additional histopathological examiniations were conducted of 
the heart lesions of 3 females monkeys, #14023 in the 200 mg/kg/day dose group, and 
#14037 and #14145 in the 1000 mg/kg/day dose group. Tissue were examined at 

 This report is 
Attachement 2 to the Final Report.
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Key Study Findings

 CC-10004 was administered by oral gavage to female cynomolgus monkeys
(3/sex/group, 2.7 to 3.4 kg,>4 years of age, purpose bred of Chinese/Vietnamese 
origin) once or twice daily for 14 days to determine doses for  doses for a future 
embryo-fetal toxicity study. The study was conducted in 2 phases as indicated in 
the study design tables below. 

o Phase 1

Phase 2

 There were no mortalities, and no effects on body weight or food consumption,
although animals appeared thin in the high dose group (1000 mg/kg/day, QD). 
There were no clinical pathology or macroscopic effects

 Emesis occured in all groups and the incidences most common in the first week 
was dose related.

 Histopathological findings in the heart consisted of myocardium 
degeneration/necrosis with acute to subacute inflammation and hemorrhage.

o Outside peer review of the heart tissue confirmed the original findings but 
added additional information that the two females in the 1000 mg/kg/day 
dose group had acute eosinophilic inflammation with associated with the 
lesions which is usually indicative of a hypersensitivity reaction, 
hypersensitivity myocarditis. 
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o The female in the 200 mg/kg/day group also had similar heart findings with 
lymphocytic and neutrophilic infiltrates, a more common background 
finding. 

o There were no vascular changes in the heart tissue. 
 There was a marked difference in exposure betweent the two batches of CC-

10004 (Phase 1 batch vs Phase 2 batch). The applicant stated that a direct 
comparison was not made since the extent of accumulation following multiple 
dosing was not determined in this study.

 The NOAEL was 100 mg/kg/day (50 mg BID) initially, but after peer review 
reevaluation, the NOAEL was revised to 500 mg/kg/day (250 mg BID). It is 
unknown to this reviewer if there were any decisions concerning clinical doses 
that were affected by either NOAEL determination. If in fact this is a 
hypersensitivy reaction, if may not be predictive of the drug's effect in humans, in 
which case the NOAEL could be the high dose. However, since this study and 
the previous study were conducted simultaneously and were the initial monkey 
studies, a consevative NOAEL would be prudent until additional information is 
obtained.

Heart Lesion Descriptions
Heart lesions in the animal at 200 mg/kg/day (14023F) were further characterized by
moderate to marked karyomegaly, cytoplasmic vacuolation, and minimal mononuclear
cell infiltrates (mainly neutrophils), with a predisposition for the endocardial surface.

In the 1000 mg/kg/day group, acute myocardial inflammation was observed in the 
hearts of two females (14037F, 14145F). Although multifocal in distribution, the lesions 
were temporally uniform, extending from the endocardium midway through the
ventricular wall or septum. They had characteristics of moderate accumulations of
eosinophils and occasional mixed cell infiltration and moderate myofiber degeneration,
hemorrhage, and slight interstitial edema, fibrin deposition and/or minimal fibroplasia, 
and myodegeneration. Special staining was used to determine that  almost all of the 
inflammatory cells were granulocytes and almost all of the granulocytes were 
eosinophils. In the animal from the 200 mg/kg/day group (14023F), the inflammatory cell 
infiltration in the heart was much lower, and they consisted of mononuclear 
(lymphocytes) and granulocytes. In the section examined, only one of the granulocytes 
was clearly an eosinophil; the remainder granulocyes were neutrophils. 

Table 12:  Toxicokinetic Summary on Day 14 of the Phase 1 Study:

Group Dose 
(mg/kg/day)

Dose 
Freq,

Cmax 
(ng/mL)

Tmax
(h)

AUC0-24

(ng-h/mL)
2a 100 50 BIDc,d 2417 10 33754
3a 200 200 QDc 4991 4 67853
4b 200 200 QDc 3554 4 44506
5a 500 250 BIDc,d 5938 10 93755
6a 1000 1000 QDc 8494 8 92975

a Vehicle was 1% carboxymethylcellulose.
b Vehicle was 1% carboxymethylcellulose with 025% polysorbate 80.
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neutrophils and reduction in lymphocytes. The changes were relatively small and 
not toxicologically important, but may reflect ongoing and vascular inflammation 
related to CC-10004 treatment.

 Analysis by the sponsor did not reveal any CC-10004-related neoplastic findings. 
However, internal analysis revealed statistically significant findings in female 
mice for the combination of osteomas and osteosarcomas yielding a trend test p-
value of 0.0128. These tumors were only present in the high dose group, though,
and pairwise comparison with the control group was not significant due to the low 
incidences in the control and high dose groups (0 and 3, respectively; p= 
0.0918). Therefore, the ECAC concurred with the conclusion there were no 
definitive CP-10004-related malignancies in either male or female rats.

 Non-neoplastic findings included fibrosis and vascular changes in the heart, 
hemorrhage of skeletal muscle in the lower limbs, increased prominence of 
perivascular and/or peribronchiolar lymphocyte and plasma cell infiltrates in the 
lung, and an increased incidence and severity of vaginal and cervical 
mucification in females treated with CC-10004.

 Based on the approximate human exposure of 7440 ng-h/mL for a MRHD of 30 
mg BID, (refer to Clinical Study CC-10004-RA-002 and CC-10004-RA-005), there 
is an 8.6-times exposure margin in the high dose group (average of male and 
female AUC values). 

Adequacy of Carcinogenicity Study

The study was adequate, although the mid and high doses were reduced for last 25 
weeks and eventually stopped weeks prior to necropsy due to drug related mortality. In 
retrospect, the 3-month dose-determining study did not allow an adequate prediction of 
survival toxicity for this drug in the mouse.

Appropriateness of Test Models

The 2-year lifetime treatment in mice is a standard and acceptable carcinogenicity 
study.

Evaluation of Tumor Findings

The sponsor's analysis concluded there was no drug-related carcinogenicity. FDA 
analysis by Dr. Jackson resulted in statistically significant findings in female mice for the 
combination of osteomas and osteosarcomas. For osteomas and osteosarcomas, 
tumors were only present in the high dose females with a p value of 0.0918 compared 
to the control group but yielded a trend test p-value of 0.0128. Refer to Appenidix 15 for 
ECAC conconcurence of these results at the meeting on July 2 2013.
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Table 13: Summary of Significant Combined Endpoints in Female Mice* 

* The analysis was conducted by Dr. Matthew Jackson, PhD, (CDER/OTS/OB/DBVI), 
refer to the Biometric Review of Nov 15 2013.

Methods
Doses: 0, 100, 300/200, 1000/500 mg/kg/day, 

On day 514 (week 73, ~month 18) the 300 
mg/kg/day dose was reduced to 200 mg/kg/day 
for both males and females. The 1000 
mg/kg/day dose for males was stopped, and in 
females this dose was reduced to 500 
mg/kg/day;
refer to dosing tables below.

Frequency of dosing: Once daily
Dose volume: 10mL/kg

Route of administration: Oral (by gavage)
Formulation/Vehicle: 1.0% aqueous carboxymethylcellulose (CMC)

Basis of dose selection: MTD in the 3-month repeated dose mouse 
study -553002)

Species/Strain: Crl:CD-1 (ICR) mice
Number/Sex/Group: 70/sex/dose

Age: 7 weeks old at start of dosing
Animal housing: All animals were housed individually

Paradigm for dietary restriction: Ad libitum feeding, no dietary restriction
Dual control employed: No

Interim sacrifice: Only for satellite groups for hematology and 
serum chemistry evaluations, with no 
histopathology of these animals

Satellite groups: Toxicokinetic  and Clinical Pathology 
assessment groups (Groups 1A to 4A 
n=25/sex/dose) 
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Hematology and serum chemistry parameters 
(up to 10 animals/sex/group) were evaluated 
from blood samples obtained in weeks 8, 21, 
and 47.

Deviation from study protocol: Dose adjustments and animal necropsy times 
are described below. Other than these 
changes, there were no deviations that would 
be expected to affect data interpretation and 
conclusions. 

Table 14:  Dosing Protocol Adjustments

Dose, (mg/kg/day)
Doses 
Proposed by

Males Females

Sponsor 0, 100, 300, 1000 0, 100, 300, 1000 
ECAC 0, 100, 300, 1000 0, 100, 300, 1000 
Duration and 
Reduction 
during study

0 and 100 for 103 wks

300 for 73 wks, then 200 until 
wk 98, then dosing stopped 
and animals terminated wk 
103

1000 for 73 wks, then dosing 
stopped and animals 
terminated wk 103 

0 and 100 for 99 wks, then 
dosing stopped and animals 
terminated in wk 102

300 for 73 wks, then 200 until 
wk 96, then dosing stopped 
and animals terminated wk 
102

1000 for 73 wks, then 500 
until animals terminated at wk 
102 

Observations and Results

Sentinel animals
Sentinel animals (15/sex) from the same shipment of animals as used for the 
main study were housed in the same main study room but were not treated. They 
were observed for mortality and moribundity twice daily and detailed physical 
observations were conducted weekly. Body weights were recorded weekly 
through study week 14 and then biweekly. Sentinel animals that survived to the 
end of the study or were euthanized in extremis were euthanized by carbon 
dioxide inhalation. Blood and a full set of tissues were collected and stored for 
possible analysis.

There was no analysis of sentinel animals since there was no evidence of disease 
outbreak in the animal room

Mortality
Animals were checked at least twice daily.
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Feed Consumption
Food consumption was recorded weekly, through study week 14, then biweekly. 
thereafter. Food intake was calculated as g/animal/day for the corresponding 
body weight intervals.

In general, the higher body weights of males and females correlated to the higher food 
consumption in the CP-10004-treated animals during the corresponding time periods.

Hematology
Blood samples were obtain at the end of the 2nd, 5th, and 11th months (study 
weeks 9, 21, and 47, respectively) from the retro-orbital sinus of satellite animals 
(Groups 1A-4A, up to 10 animals/sex/group) under isoflurane anesthesia. 
Parameters examined were:

CC-10004-related hematology effects included an increase in neutrophil counts and a 
decrease in lymphocytes in males and females, although there were variable responses 
over time. Compared to the control mean, there was also a small (up to 8%) reduction in 
red blood cells, hemoglobin and hematocrit, and an increase (16%) in absolute 
reticulocytes in females. The responses fluctuated and were not always dose 
dependent, particularly for the high dose. During week 21, elevated levels of white blood 
cells at the 200 mg/kg/day dose level were attributed to one female (#5412) that was 
suspected of having malignant lymphoma, although this was verified only by the cursory 
gross pathology conducted for the satellite animals. Overall the observed changes were 
relatively mild and unlikely to be toxicologically significant.
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Gross Pathology

Animals were euthanized by carbon dioxide inhalation. Complete necropsies, 
including palpable masses, were performed on animals (Groups 1-4) found dead, 
euthanized in extremis, or at the scheduled necropsy. Satellite group animals 
(Groups 1A-4A) found dead or euthanized in extremis received only a brief 
examination of the thoracic cavity, lungs, esophagus, and trachea to look for 
potential signs of intubation errors. Identified tumors were graded according to 
their likelihood of having caused death or moribundity as indicated in the table 
below: 

Tumor 
Grade

Meaning

1 incidental not causing death
2 probably incidental not causing death
3 probably fatal cause of death
4 fatal cause of death

only for scheduled necropsy:
6* incidental, scheduled 

sacrifice)
not causing death

* grade 5 is not used 

In early mortality animals, there were some tissues that had dose-related gross findings 
of white areas in the heart of females, and signs of hemorrhage in the liver of females, 
skeletal muscle of males and females, and stomach of males and females as indicated 
in the table below. Relative to the total number of animals within each dose group 
examined, these findings comprised a small percentage of animals.
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Neoplastic Findings

The sponsor's analysis concluded there was no drug-related carcinogenicity. FDA 
analysis by Dr. Jackson (refer to the Biometrics Review of Nov 15 2013) resulted in 
statistically significant findings in female mice for the combination of osteomas and
osteosarcomas. These tumors were present only in the high dose female group located 
in the mandible, cavarium, and near the ear canal. One female was euthanized in 
extremis at 1 year (day 363) with an osteosarcoma of the clavaria; the other findings 
were identified at the scheduled necropsy a year later. All were from non-protocol 
tissues that were noted for further examination upon gross examination at necropsy. 
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Non-Neoplastic Findings

Non-neoplastic changes occurred in the heart, skeletal muscle, and other random sites 
of focal hemorrhage (skin, abdominal soft tissue and bone; not tabulated below) and the 
cervix/vagina.

Table 25:  Incidence of Selected Nonneoplastic CC-10004-Related Findings
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Heart: Fibrosis and vascular changes were common findings in the heart. The fibrosis
tended to be of the epicardium at the base of the heart or along the left ventricle and 
often surrounded the intra- and/or extra-mural coronary vessels. This was the most 
frequent histologic correlation to the necropsy finding of white area(s) of the heart, 
observed at necropsy.

A form of vasculitis known as chronic arteriopathy of coronary vessels occurred in mice 
with early mortality (<18 months). The affected vessels were at or near the base of the 
heart and the condition and the condition began as a minimal to moderate chronic 
active arteritis. A later chronic (end-stage) condition developed as subintimal 
proliferation of spindle cells as well as an overall thickening of the vessel wall. 
Inflammation at the base of the heart and centered on the root of the aorta was 
diagnosed as inflammation (either as chronic or chronic active inflammation) under the 
tissue category ‘aorta’. Vasculitis was used if inflammation was associated with vessels 
within the myocardium in areas.

The incidences of spontaneously developing cardiomyopathy were higher in CC-10004 
treated animals than the control groups. The sponsor claims these cardiac effects were 
indirect drug effects due to the minimal severity and lack of progression with time. 
However, dose reductions and dose stoppage characterized the latter aspects of this 
study, and the lack of progression is more likely a stabilization or recovery due to dose 
reduction or withdrawal.

Skeletal muscle: Hemorrhage occured in the skeletal muscle and was judged by the 
pathologist to contribute to the animal's death. These tissues also had an associated 
arteriopathy that was morphologically similar to the findings described above for the 
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Table 26:  Toxicokinetic Summary

Dose 
(mg/kg/kg)

100 300 1000

Day M F M F M F

Cmax

(ng/mL)

22 
(wk 3)

2391 2199 4011 3609 5141 8084

175 
(wk 25)

2319 3822 3227 3318 3573 4722

AUC0-24 

(ng-h/mL)

22 
(wk 3)

26297 21028 44234 51658 71604 113694

175 
(wk 25)

32419 37655 45397 47305 52856 75049
35037 46351 52856 75049

average 63952

Dosing Solution Analysis

Homogeneity
Duplicate samples (1 mL each) for homogeneity were collected from vehicle and CC-
10004 formulations prepared for use during study weeks 0, 1, 14, 51, 74, 91, and 102. 
Prior to the initiation of the first dose, duplicate samples were collected from the top, 
middle, and bottom strata of the 10 and 100 mg/mL dosing formulations and stored 
frozen. From the batch preparations, an aliquot of each of the 10 and 100 mg/mL dosing 
formulations was prepared and stored refrigerated for 8 days. Samples collected from 
the middle stratum were used for determination of time zero concentration. 
Homogeneity of the dosing formulations was acceptable with %CV ranging from 0.2% to 
5.3% for each dosing preparation.

Stability
Results from the middle stratum analyses following 8 days of refrigeration were 
compared to the time zero concentration analyses for determination of formulation 
stability and found to be within acceptable limits.

Concentration
Duplicate samples (1 mL each) for concentration determinations were collected on from 
vehicle and CC-10004 formulations prepared for use during study weeks 0, 1, 14, 51, 
74, 91, and 102. The concentrations ranged from -7.9% to 8.6% of their targeted 
concentrations of 10, 20, 30, 50, and 100 mg/mL. Vehicle control samples were devoid 
of detectable CC-10004.  Therefore, the concentration of the dosing solutions was 
acceptable.
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vagina/cervix. These findings were often present in the early mortality animals, 
prior to month 18 and prior to dose reductions. These findings were generally 
consistent with findings in previous rat toxicology studies.

 Satellite animals (18/sex/group) were dosed on a comparable regimen for 
approximately 48 weeks for clinical pathology and toxicokinetic evaluation. The 
clinical pathology findings of hematology and serum chemistry were consistent 
with an acute inflammatory response (higher white blood cell counts with 
increased lymphocytes, neutrophils, and monocytes and low serum albumin and 
high serum globulin concentrations), which could have arisen from CC-10004-
induced gastrointestinal inflammation and lesions as the sponsor proposes. 

 Dose-related increases in systemic exposure occurred in male and females; 
however the increase in males was less than dose proportional. Females had 
substantially greater AUC exposure than males for the same dosage (26-fold 
greater in females at 3 mg/kg/day) due to greater bioavailability in female rats 
(females 61-80%, males 2-12%; Report 1398/215-D1140). Based on the 
approximate human exposure of 7440 ng-h/mL for a MRHD of 30 mg BID,(refer 
to  Clinical Study CC-10004-RA-002), there is an exposure margin of 0.08X for 
the high dose male dose group (20 mg/kg/day) and 1.1X for the high dose female 
(3 mg/kg/day) dose group. 

Note: The mean AUC values reported in this study for females, 7721 ng-
h/mL, was reasonably approximate (110%) to the value reported in the 3 
month dose-determining study (CC-10004-TOX-003) of 6984 ng-h/mL. 
However, the mean AUC for males, 608 ng-h/mL at day 179 (6 months) in 
this study was ~30% lower than expected from the dose-determining 3 month 
study (30 mg/kg/day dose resulted in 1281 ng-h/mL on day 88, and 
extrapolating to a 20 mg/kg/day dose resulted in ~860 ng-h/mL). Even if these 
values were comparable, the margin of exposure would still be less than 1 
relative to the maximum proposed human dose. Higher doses could not be 
administered, as dosing was limited by non-carcinogenic toxicity.

Adequacy of Carcinogenicity Study

The study was adequate, although for males, the mid dose was reduced and the high 
dose was stopped at week 66 (16.5 months) due to drug-related mortalities. In 
retrospect, the 3-month dose determining study did not allow an adequate prediction of 
toxicity for this drug in the rat.

Appropriateness of Test Models

The 2-year lifetime treatment in rats is a standard and acceptable carcinogenicity study.

Evaluation of Tumor Findings

The sponsor's analysis concluded there was no drug-related carcinogenicity. The FDA 
analysis by Dr. Jackson found there was a significant trend (p=0.046) for a dose-related 
increase in the incidence of ovarian Sertoli cell tumors in females. This was based on 
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tumors present in 3 animals as indicated in the summary analysis below. However, the 
pairwise comparisons with control incidences of 0 were not significant due to the low 
incidences. Therefore, there were no definitive CP-10004-related malignancies in either 
male or female rats Refer to Appenidix 15 for ECAC conconcurence of these results at 
the meeting on July 2 2013.

Table 27:  Analysis of Sertoli Cell Tumors in Females*

* The analysis was conducted by Dr. Matthew Jackson, PhD, (CDER/OTS/OB/DBVI),
refer to the Biometrics Review of Nov 15, 2013.

Methods
Doses: M:  0, 3, 10/6, 20

F:  0, 0.3, 1, 3
See table below for a summary of adjustments to dosing

Frequency of dosing: Once daily
Dose volume: 10 mL/kg

Route of administration: Oral by gavage
Formulation/Vehicle: 1.0% carboxymethylcellulose (CMC)

Basis of dose selection: Doses were based on the results of a 90-day oral toxicity 
study in rats (CC-10004-TOX-003). The males were 
dosed at 0, 30, 100, 300 and 1000 mg/kg/day and 
females at 0, 0.3, 3, 10, and 30 mg/kg/day. These doses 
produced death in males at all doses and in females at 
doses ≥10 mg/kg/day along with acute inflammation and 
lymphoid depletion in multiple tissues. A NOAEL was not 
identified and the maximum tolerated dose was <30 
mg/kg/day for males and <3 mg/kg/day for females.

Species/Strain: Crl:CD(SD) rats
Number/Sex/Group: 70/sex/dose

Age: 7 weeks old at the initiation of dosing
Animal housing: Housed individually

Paradigm for dietary 
restriction:

ad libitum
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Dual control employed: No
Interim sacrifice: No
Satellite groups: Toxicokinetic  and Clinical Pathology assessment groups 

(Groups 1A to 4A, n=18/sex/dose) 
Hematology and serum chemistry parameters (up to 10 
animals/sex/group) were evaluated from blood samples 
obtained on days 26 and 179 (weeks 4 and 26).

Deviation from study 
protocol:

Dose adjustments and animal necropsy times are 
described below. Other than these changes, there were 
no deviations that would be expected to affect the data 
interpretation and conclusions.

Study Dose and Necropsy Adjustments
Initial dose Reduced dose 

and day 
Study day that 

dosing 
stopped 

Study day of 
necropsy

Males 0 - 663 (wk 94) 703 (wk 100)
3 - 639 (wk 91) 704( wk 100)

10 6 (at day 464, 
wk 66)

626 (wk 89) 687 (wk 98)

20 - 464 (wk 66) 670 (wk 95)

Females 0 - 721 (wk 103) 728 (wk 104)
0.3 - 721 (wk 103) 728 (wk 104)
1 - 708 (wk 101) 728 (wk 104)
3 - 659 (94) 728 (wk 104)
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Table 28:  Study Design

Observations and Results

Sentinel Animals

Sentinel animals (15/sex) from the same shipment of animals as used for the 
main study were housed in the same main study room but were not treated. They 
were observed for mortality and moribundity twice daily and detailed physical 
observations were conducted weekly. Body weights were recorded weekly 
through study week 14 and then biweekly. Sentinel animals that survived to the 
end of the study or were euthanized in extremis were euthanized by carbon 
dioxide inhalation. Blood and a full set of tissues were collected and stored for 
possible analysis.

There was no analysis of sentinel animals since there was no evidence of disease 
outbreak in the animal room.
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Feed Consumption
Food consumption was recorded weekly, through study week 14, then biweekly. 
Food intake was calculated as g/animal/day for the corresponding body weight 
intervals

There were no treatment-related effects on food consumption. 

Hematology
Blood smears were obtained to aid in the diagnosis of hematopoietic disorders. 
Blood samples were collected from the vena cava of all animals euthanized in 
extremis and at the scheduled necropsy. Only smears from 3 males in the high 
dose group were examined.

For hematology analysis of satellite animals (Groups 1A-4A, up to 10 
animals/sex/group) blood samples were obtain at study weeks 9, 21, and 47/48 
from the retro-orbital sinus under isoflurane anesthesia. Parameters examined 
were as follows:

Effects of CC-10004 treatment were elevated white blood cell, lymphocyte, neutrophil, 
and monocyte counts in the high dose females compared to the control group. There 
were no samples obtained on prior to day 1 or on day 1 of dosing to determine potential 
time dependent effects in control animals. These observed effects in the high dose 
females were consistent with a slight inflammatory response, and corresponded with 
serum chemistry findings of an acute phase response. Although the sponsor indicated 
that measures of red blood cell mass (red blood cells, hemoglobin and hematocrit) were 
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CC-10004-related changes in organ weights occurred only in the high dose female 
group. There was an increase in ovarian/oviduct weight and a decrease in uterine 
weight. Both spleen and thymus weights were also increased. The large  mean increase 
(>3-fold) in thymus weight in high dose females compared to the control group was due 
to one animal (#3999) with a thymus weight of 3.3577 g. There was also an indication 
from the gross necropsy table that one animal in this dose group had a large thymus 
lobulated mass (25 x 17 x 12 mm). Although no histopathology was conducted for the 
satellite animals, in the main study animals, 1 thyoma occurred in a low dose male. 
Therefore it is likely that the mass is probably a thyoma of incidental nature, not CC-
10004 related. Removing this animal from the mean value calculations yielded a mean 
and relative absolute weight of only 116% and 105%, respectively, of control values. 
This small change is not toxicological significant for interpretation of the carcinogenicity 
findings. Generally, the satellite animals had similar findings at this week 47 timepoint 
as they did in earlier shorter toxicological studies.

Table 37:  Summary of Organ Weight Findings of Females from Satellite Animals

Gender Female
Dose (mg/kg/day) 0 0.3 1 3

n 17 18 17 16
Spleen

g 0.56 0.57 0.58 0.67
(125%)

% BW 0.150 0.151 0.160 0.165
Thymus

g 0.0804 0.0894 0.0914 0.2974
369%

0.0934*
(116%)

% BW 0.021 0.024 0.026 0.078
(371%)
0.022*
(105%)

Ovary/oviduct 
g 0.1034 0.1264 0.1230 0.1609

(156%)
% BW 0.028 0.034 0.034 0.041

(146%)
%BrW 5.079 6.296 6.054 8.026
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Mild 0 0 2 4 

Moderate 0 0 1 0 

a - Number of tissues (or tissue pairs, if 1 or both were evaluated) examined from each group.
b - At 3 mg/kg/day, dosing was discontinued in study week 91 with necropsy of the remaining animals in 
study week 100.
c - In study week 66, dosage of males at 10 mg/kg/day was decreased to 6 mg/kg/day. Treatment was 
discontinued in study week 89 and the remaining animals were sent to necropsy in study week 98.
d - In study week 66, dosage of males at 20 mg/kg/day was terminated and the remaining males were 
maintained on study without receiving the test article until study week 95.
NA - Not applicable, findings not present.
FD/EE  - found dead/euthanized in extremis

Skeletal muscle: There was a dose-related increased incidence and severity of 
skeletal muscle degeneration and mineralization in males. Muscle degeneration likely 
contributed to moribundity and the decision to euthanize the animals that died or were 
euthanized in extremis prior to 18 months of the study. Although the sponsor indicated it 
is a common age-related incidental finding, the incidence in CC-10004-treated males 
was greater than vehicle treated controls. The increase in mineralization was not 
associated with evidence of renal disease in the CC-10004 treated animals, in contrast 
to the 3 of 4 control group animals with both skeletal muscle mineralization and renal 
disease (n=2 with chronic progressive nephropathy, n=1 with a kidney tumor). At the 
scheduled necropsy, the incidence of degeneration was similar between controls and 
CC-10004 treated animals, without findings of mineralization. This degeneration was 
likely an increase in the normal age-related muscle changes also noted in the control 
males.

Table 52:  Skeletal Muscle (Male), Non-Neoplastic Findings

FD/EE ≤ 18 mos. FD/EE > 18 mos. Scheduled Necropsy 

Group (mg/kg/day): 
0 3

b
10/6

c
20

d
0 3

b
10/6

c
20

d
0 3

b
10/6 20

d

n 25 33 37 45 27 21 18 10 18 16 15 15 

Skeletal musclea

Degeneration 3 11 21 23 9 7 7 1 8 4 1 3

Minimal 3 9 15 16 7 4 4 0 8 2 1 3 

Mild 0 2 5 6 1 1 3 1 0 2 0 0 

Moderate 0 0 1 0 1 2 0 0 0 0 0 0 

Severe 0 0 0 1 0 0 0 0 0 0 0 0 

Mineralization 1 4 12 9 3 1 2 0 NA NA NA NA 

Minimal 0 3 8 3 3 0 1 0 

Mild 1 1 2 3 0 0 1 0 

Moderate 0 0 2 3 0 1 0 0 
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and 179, respectively. There was an approximate 2-fold increase in exposure between 
days 26 and 179 for the low and mid doses in males.  There was no differences in 
exposure between days for females.

Table T1: Summary Of Toxicokinetic Evaluation of CC-10004

Dosing Solution Analysis
Homogeneity
Duplicate samples (1 mL each) for homogeneity were collected from vehicle and CC-
10004 formulations prepared for use during study weeks 0, 1, 14, 51, 74, 91, and 102, 
respectively. Prior to the initiation of the first dose, duplicate samples were collected 
from the top, middle, and bottom strata of the 0.03 and 2.0 mg/mL dosing formulations 
and stored frozen. From the batch preparations, an aliquot of each dosing formulations 
was prepared and stored refrigerated for 8 days. Samples collected from the middle 
stratum were used for determination of time zero concentration. Homogeneity of the 
dosing formulations was acceptable with %CV within ±15%. 

Stability
Results from the middle stratum of 0.03 and 2.0 mg/mL solutions following 8 days of 
refrigeration (2°C to 8°C) were compared to the time zero concentration analyses for 
determination of formulation stability and found to be within acceptable limits (5.5% to 
10% of nominal concentration).

Concentration
Duplicate samples (1 mL each) for concentration determinations were collected from 
vehicle and CC-10004 formulations prepared for use during study weeks 0, 1, 3, 12, 
15-18, 51, and 68 (with the exception of the Group 4 (high dose)males). Inconsistent 
assay results were noted during the initial formulation analysis. Although the source of 
this inconsistency could not be definitively determined, it was thought to be due to 
analytical variance at lower concentrations, technical errors during dose formulation 
preparation, and sampling difficulties when obtaining a small aliquot by syringe. 
Collection of a larger sample volume resulted in more consistent values and resolved 
the issue. 
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"Microscopic examinaition was made of the testes, epididymis, prostate and seminal 
vesicles, but only testes and epididymides of CC-10004 treated mice."

Additionally, Amendment 2 to the study report, signed Sept 14 2009, corrected the level 
of  impurity in the administered drug.

Histopathology

Histopathology revealed an increase in cellular debris and residual bodies and 
exfoliated spermatogenic cells, ranging between minimal to mild severity at the high 
dose, 50 mg/kg/day, however there was no detrimental effect on fertility. Previous 
identification of cellular debris and residual bodies were minimal or mild in severity, with 
greater severity in the high dose (Report CC-10004-TOX-001). The finding was also 
present in some control animals. The expert working group concluded the findings were 
a normal physiological process, and not caused by CC-10004. From the reviewer's 
perspective, based on the previously submitted mouse general toxicology and fertility 
studies to this NDA (Reports 1398/289, 1398 297, 1398/333, 1398 373, CC-10004-
TOX-002, CC-10004-TOX-001), there was a consistent increase in these findings at the 
high doses, regardless of the magnitude of the high dose, and there appears to be, in 
this reviewer's experience, an increase in incidence in control animals relative to other 
mouse studies submitted from different applicants. However, despite these findings, 
there was no detrimental effect on fertility. 
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Histology Summary
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GD 15-18 23.6 21.3 23.1 20.8

GD 4-18 102.6 92.9 88.9 83.1

Food Consumption 
GD 6-14, g/animal/day
(% of control)

9.2 
8.0

(87%)
6.8

(74%)
7.0

(76%)
Uterine Weight
Gravid uterus, g 
(% change)

21.8 g
17.6
(81

16.9
(77%)

17.1
(78%)

% body wt change (corrected for 
uterine weight)

34.6 36.2 36.2 35.0

Embryofetal Effects

N of Females with Total Litter 
Loss 
(% of pregnant)

4
(9%)

3
(14%)

2
(9.5%)

6
(27%)

N with live fetuses on GD 18
(% of pregnant)

36
(82%)

17
(81%)

18
(86%)

15
(68%)

Mean N Corpora Lutea 13.4 14.3 15.4 13.1

Mean N Implantation sites 12.4 12.3 12.7 12.9

Mean % Preimplantation Loss 
N dams affected

7.2
19

14.0
13

16.9
14

11.5
11

Mean % Postimplantation Loss 
N dams affected

18.9
29

31.7
19

26.1
20

41.4
19

Mean N Early Intrauterine Deaths 1.3 3.1 2.5 4.5

Mean N. Late Intrauterine Deaths 0.3 0.5 0.6 0.5

Mean N Fetuses/Female 10.8 8.8 9.5 7.9

Summary of Effects on Fetuses in Mice

Dose (mg/kgday) 
0 

(Vehicle)
250 500 750 

N 48 24 24 24

Pregnant 
44

(91.7%)
21

(87.5%)
21

(87.5%)
22

(92%)
N Litters Evaluated 
(% of pregnant)

36
(81.8%)

17
(81%)

18
(85.7%)

15
(68%)

N Live Fetuses 433 175 190 165

Mean N of Dead Fetuses 
(mean/litter)
N dams affected

0.0 
1

0.1 
1

0.1
2

0.1
1

Number of male fetuses 214 93 106 88
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Number of female fetuses 219 82 84 77

Mean % male fetuses 49.3 52.0 55.5 53.7

Mean litter weight (g) 
17.27 13.84

(80%)
13.26
(77%)

12.87
(74%)

Mean placental weight (g) 0.11 0.11 0.10 0.10

Mean fetal weight (g) 1.45 1.37
(94%)

1.28
(88%)

1.22
(84%)

Mean fetal weight (g) -males only 1.47 1.40 1.31 1.23

Mean fetal weight (g) -females only 1.42 1.35 1.24 1.21

Summary of External, Visceral, and Skeletal Defects
Dose (mg/kgday) 0 

(Vehicle)
250 500 750 

EXTERNAL/VISCERAL DEFECTS 
N fetuses examined 433 175 190 165 
N litters examined 36 17 18 15 

N malformations 5 4 5 2 
Mean % of fetuses 1.4 2.2 2.3 1.1 
Number of litters affected
(% of pregnant)

5 
(13.8%)

4
(23.5%)

5
(27.8%)

2
(13.3%)

N with variations 69 23 48 36 
Mean % of fetuses 17.0 12.9 24.8 21.2 
N litters affected 
(% of litters examined)

32
(88.9%)

11
(64.7%)

17
(94.4%)

14
(93.3%)

SKELETAL DEFECTS 
N of fetuses examined 291 117 128 109 
N of litters examined 36 17 18 15 

N with malformations 3 2 4 2 
Mean % of fetuses examined 0.9 1.5 2.5 1.5 
N litters affected
(% of litters examined)

3
(8.3%) 

2
(11.8%) 

4
(22.2%) 

2
(13.3%) 

N with variations 218 97 123 108 
Mean % of fetuses examined 75.7 84.9 94.6 97.8 
N litters affected
(% of litters examined)

36
(100%) 

17
(100%)

18
(100%) 

15
(100%) 
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Total number of fetuses with 
malformations 5 4 5 3 
% of fetuses examined 1.2 2.3 2.6 1.8 
N of litters affected 
(% of litters examined)

5
(13.9%) 

4
(23.5%) 

5
(27.8%) 

3
(20.0%) 

Summary of Fetal Skeletal Effects

Dose (mg/kg/day) 
0 

(Vehicle) 
250 500 750 

Litters Evaluated 36 17 18 15 

Number of Litters with Skeletal 
Malformations 

3 2 4 2 

Skull – Frontal, ossification 
incomplete 

1 9 22 28 

Skull – Hyoid arch, ossification 
incomplete 

2 3 3 5* 

Skull – Frontal, ossification 
incomplete 

1 9 22 28

Skull – Parietal, ossification 
incomplete 

12 15 23 17

Skull – Supraoccipital, ossification 
incomplete 

14 57 89 100

Sternebra – Additional ossification 
site between 5/6 

- 2 9 6

Sternebra – Ossification centers 
not fused 

4 9 18 29

Sternebra – Ossification centers 
incompletely fused 

1 3 5 10 

Sternebra – Ossification 
incomplete 

1 1 6 23

Sternebra – Unossified - - - 9

Vertebral, lumbar centrum –
Ossification incomplete 

- 4 3 4

Vertebral, thoracic centrum –
Ossification incomplete 

3 5 9 3 

Vertebral, thoracic centrum –
Unossified 

- - 3 10

- = No noteworthy findings
Values in bold type indicate significant difference from controls, p< 0.05
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 CC-10004 was administered orally (via gavage) to pregnant female Crl:CD1(ICR) 
mice (25/group) at doses of 0 (1% w/v aqueous carboxymethylcellulose), 10, 80, 
or 300 mg/kg/day from day 6 of gestation (DG 6) through day 20 of lactation (DL 
20). In mice that did not deliver a litter, dosing ended on DG 22.

Maternal (F0) Generation
 There were mortalities in the high dose group associated with difficulty in 

delivering at 300 mg/kg/day (1 death, evidence indicating it occurred during 
delivery), and overt clinical observations including those associated with difficulty 
in delivering at 80 and 300 mg/kg/day (pale ears, hunched posture, mild 
dehydration, dyspnea, hyperpnea, and in 1 high dose animal the occurrence of 
clonic convulsion).

 The high dose group had reduced maternal body weight and weight gain 
compared to the control group. Reductions in maternal body weights on DLs 4 
and 14 (5% to 10% below control) and reductions in body weight gain on DGs 12 
to 15 and 15 to 18 (11% to 17% below control) and DLs 1 to 4 and 7 to 14 (59% 
to 55% below control) at 300 mg/kg/day.

 There were no effects of apremilast on the duration of pregnancy, number of 
pregnant mice at the end of the gestation period and the number of mice that 
delivered a litter.

 Maternal NOAEL was 10 mg/kg/day, due to early abortions, premature delivery 
and associated dystocia.

F1 Generation 
 Increased postnatal pup mortality on DLs 1 through 7 included increased 

stillbirths, missing and presumed cannibalized pups, pups found dead or 
sacrificed due to adverse signs, and correlated with decreases in pup viability 
index (85% for the mid dose and 57% for the high dose compared to 98.6% for 
the control group) and live litter size at DL 21 (10.2 for the mid dose and 8.4 for 
the high dose, compared to 13.4 for the control group). This was based on 3 
dams at 80 mg/kg/day and 9 dams at 300 mg/kg/day that had lost all pups by DL 
5. 

 Surviving pup mean body weights per litter through DL 7 at 80 and 300 
mg/kg/day were reduced compared to controls (87.5% and 75% of mean control 
weights, respectively), however by day 21 (weaning) and thereafter, there were 
no differences from control group body weights. Pups that died had a dose-
related increase incidence in the absence of milk in their stomachs.

 There were no effects of F0 treatment with apremilast on the F1 generation for 
clinical or necropsy observations after weaning; body, testes or epididymis 
weights; sexual maturation; passive avoidance; motor activity; mating; fertility or 
F2 embryofetal parameters. 

 The NOAEL for the F1 generation was 10 mg/kg/day due to early postnatal 
mortality. 
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Methods
Doses: 0, 10, 80 and 300 mg/kg/day
Frequency of dosing: Once daily from GD 6 through day 20 of LD 20, or 

LD 22 if mice did not deliver a litter
Dose volume: 10 mL/kg
Route of administration: Oral, by gavage
Formulation/Vehicle: 1% w/v aqueous carboxymethylcellulose
Species/Strain: Mouse, Crl:CD1(ICR)
Number/Sex/Group: 25/dose group for F0 and F1 generationse
Satellite groups: There were no satellite groups.
Study design: Refer to tables below

F0 Generation Mating and Dosing 
Within dose groups, one male and one female mouse were cohabitated for a maximum 
of 5 days. Female mice with a copulatory plug observed in situ were considered to be 
at GD 0 and assigned to individual housing.

F0 Generation Mice Dates
Arrival 12 Apr 2011
Cohabitation Period 20 Apr 2011 PM - 25 Apr 2011 AM
Day 0 of Gestation 21 Apr 2011 - 25 Apr 2011
Dosage Period (DG 6 through DL 20) 
or DG 22 (for mice that did not deliver a litter)

27 Apr 2011 - 02 Jun 2011

Delivery Period (DL 1) 09 May 2011 - 16 May 2011
DG 23 Sacrifice (for mice that did not deliver 
a litter) 

14 May 2011

DL 21 Sacrifice (for dams and litters not 
selected for continued evaluation)

29 May 2011 - 03 Jun 2011

F0 Observations
 Mortality observations were made twice daily.
 Clinical observations, as well as observations for abortions, premature 

deliveries, and deaths were made 1-2 hours after dosing
 Body weights were recorded daily during the dosing period.
 Observations were recorded for adverse clinical signs during parturition, 
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duration of gestation (DG 0 to the day the first pup was observed), litter sizes 
(all pups delivered) and pup viability at birth. 

 Maternal behavior was evaluated on DLs 1, 4, 7, 14, 18, and 21. Abnormal 
maternal behaviors were also recorded when observed at other times.  

 Dams with no surviving pups were sacrificed after the last pup was found 
dead or missing, presumed cannibalized. A gross necropsy of the thoracic, 
abdominal, and pelvic viscera was performed and implantation sites were 
recorded. Mice that died or were sacrificed before scheduled termination 
were examined for the cause of death or condition.

 Gross lesions were retained for histopathology and a random set of normal 
comparative tissues were also retained.

Deviation from study protocol: Procedural deviations occurred but were general 
minor in nature and had no overall impact on the 
study interpretation and conclusions.
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Observations and Results

F0 DAMS

F0 Survival
One dam in the 300 mg/kg/day group (#2395) was found dead on gestation day 19 after 
delivering 2 pups (preterm delivery). Necropsy of this animal revealed an additional 2 
fetuses and 9 early resorptions and one late resorption. Clinical observations before 
death included red peri-vaginal substance, hyperpnea, and a clonic convulsion (5 
seconds in duration). Body weight gain during gestation was within the range of other 
mice and tissues appeared normal at necropsy. This death was considered to be 
related to apremilast treatment.

Three dams in the vehicle control group were found dead (#2304 on day 15, #2305 on 
day 17, and #2324 on day 13), and one dam in each of the 10 and 80 mg/kg/day 
dosage groups were sacrificed due to adverse clinical observations mid-lactation (10 
mg/kg/day: #2341 on day 16, and 80 mg/kg/day: # 2362 on day 16). These deaths were 
attributed to lactational ileus due to necropsy findings and clinical observations. At 
necropsy, the stomachs or intestines were distended with gas and/or brown granular 
material. Associated clinical observations included abdominal distention, dyspnea, 
bradypnea, hyperpnea, tachypnea, dehydration, lost righting reflex, decreased motor 
activity, ungroomed coat, lacrimation, and cold to touch. The occurrence of lactational 
ileus was not considered to be related to apremilast treatment by the reviewer. 
Additionally, one dam in the vehicle control group was sacrificed following an intubation 
error.

Table 55: Observations in Mice that Were Found Dead or Sacrificed Due to 
Adverse Clinical Observations, (from Sponsor's Table 6)

Mouse 
Numbe

r

Dosag
ea

Day 
of 

Deat
h

Mode 
of 

Death

Noteworthy Clinical 
History

Gross 
Necropsy 
Findings

Cause of 
Death

2318 0 DL 9 SAC 

Decreased motor activity, 
impaired righting reflex, 
head tilt, bradypnea and 
barrel-rolling, ~ 35 to 45 min 
postdose. 

Trachea 
perforation 

Intubation 
error 

2304 0 DL 15 FD None 
Intestines 
distended with 
gas 

Lactational 
ileus 

2305 0 DL 17 FD 

Mild to moderate 
dehydration, abdominal 
distention, tachypnea, 
hyperpnea, ungroomed 
coat, decreased motor 
activity, 

Intestines 
distended with 
gas 

Lactational 
ileus 
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chromodacryorrhea. 

2324 0 DL 13 FD None 
Intestines 
distended with 
gas 

Lactational 
ileus 

2341b 10 DL 16 SAC 

Hyperreactivity to touch, 
swollen and/or splayed 
hindlimb, limited use and 
muscle atrophy of hindlimb, 
irregular gait, loss of 
righting reflex, abdominal 
distention, dyspnea, 
bradypnea. Body weight 
loss DL 15 to 16: 14%. 

Stomach 
distended with 
gas; Intestines 
distended with 
brown granular 
material. 

Lactational 
ileus 

2362c 80 DL 16 SAC 

Lacrimation, ptosis, 
moderate dehydration, 
abdominal distention, 
bradypnea, decreased 
motor activity, low carriage, 
cold to touch. Body weight 
loss DL 15 to 16: 12%. 

Intestines 
distended with 
brown granular 
material. 

Lactational 
ileus 

DL = Day of Lactation, SAC = Sacrificed; FD = Found Dead
a mg/kg/day
b Litter consisting of 14 pups was retained.
c Litter consisting of 11 pups was retained.

F0 Clinical signs

Except for signs of lactational ileus described above, the only adverse clinical signs 
occurred in 2 dams with difficulty delivering, (#2362 and #2395 in the 80 and 300 
mg/kg/day dose groups, respectively). These observations included pale ears, hunched 
posture, mild dehydration, dyspnea, clonic convulsion, and hyperpnea. 

F0 Body weight

During the F0 gestation period, although mice gained weight, the body weight gain was 
slightly reduced for female mice in the 300 mg/kg/day group, but there was no dose-
dependent trend in body weight gain and no overall difference between groups over the 
entire gestation period.

During the last week of lactation and dosing, there was a slight increase in body weight 
(106-112%) in all CC-10004 treatment groups. 
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21 43.1
45.7

(106%)
48.1

(112%)
46.8

(108%)
Weight change

days 1-4
3.4 4.3 2.3

n=20
1.4

n=13

days 4-7
2.6 2.2

1.7
n=19

2.7
n=13

days 7-14
5.1

n=20
4.6 3.8

n=19
2.3

n=13

days 14- 21
-4.9
n=18

-1.7
n=19

3.0
n=18

3.8
n=13

days 1-21
6.3

n=18
9.2

n=19
10.9
n=18

10.1
n=13

 Excludes values for dams that were found dead, sacrificed due to adverse 
clinical observations or no surviving pups.

 Bold values, significantly different than controls, p<0.5 or greater

F0 Feed consumption

Food consumption was not monitored.

F0 Parturition 

The pregnancy rate was similar between the control group (88%) and all CC-10004 
treated groups (84% to 92%). Except for 1 dam in the low dose and 1 dam in the high 
dose groups, all pregnant dams delivered a litter with no differences in group mean 
gestation length.

Natural delivery and litter observations were unaffected by treatment at 10 mg/kg/day. 
One mouse (#2326) in the 10 mg/kg/day dosage group did not deliver, but was found to 
be pregnant with two early resorptions in utero at sacrifice on DG 23; this event was not 
regarded as treatment-related. Mouse #2395 in the 300 mg/kg/day dosage group died 
during delivery on DG 19, as described in the F0 survival section, above.

There was no effect of CC-10004 treatment on the numbers of dams delivering litters, 
the duration of gestation, number of pregnant mice at the end of gestation, averages for 
implantation sites per delivered litter, the gestation index (number of dams with one or 
more liveborn pups/number of pregnant mice) and percent male pups per number of 
pups sexed per litter.
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Table 57:  Maternal (F0) Effects of CC-10004 Administeration

Dose 
(mg/kg/day)

0 10 80 300

N 25 25 25 25
N, pregnant 22

(88%)
21

(84%)
22

(88%)
23

(92%)
Delivered a litter, N 22

(100%) 
20

(95.2%)
22

(100%) 
22

(95.6%) 
Dams with stillborn pups,
N, (%) 

0
(0.0%) 

2 
(10.0%) 

6
(27.3%) 

8
(38.1%)

Dams with no liveborn 
pups,  N, (%) 

0
(0.0%) 

0
(0.0%) 

1
(4.5%) 

1
(4.8%)

Gestation Index,
%, N/N 
(N with live offspring/N of 
pregnant mice)

100.0%
22/ 22

95.2%
20/ 21 

95.4%
21/ 22 

95.2%
20/ 21c 

Dams with all pups dying, 
day 1-4 postpartum,
N, (%) 

0
(0.0%) 

0
(0.0%) 

1#

(4.5%) 
7#

(31.8%)** 

Dams with all pups dying 
days 5-21 postpartum, 
N, (%) 

0
(0.0) 

0
(0.0) 

1
(4.5) 

0
(0.0) 

# 3 dams in the 80 mg/kg/day dosage group and 9 dams in the 300 mg/kg/day 
groups had no surviving pups on DLs 1, 2 or 5.

Bold values indicate significantly different from controls, p<0.05

F0 Necropsy observation

There were no CC-10004 gross findings, and therefore the sponsor indicated there was 
no histopathology conducted on the retained tissues. 

F0 Toxicokinetics

Blood samples for toxicokinetic analysis were not collected. 

Dosing Solution Analysis

Homogeniety:  The CC-10004 dosing formulations were homogeneous with a percent 
relative standard deviation (%RSD) for the first analysis of the first preparation ranging 
from 1.2% to 5.7%. Re-suspension homogeneity of the first preparation dosing 
formulations was also evaluated following 7 days of refrigerated storage, with %RSD for 
group ranging from 3.0 to 4.5%.
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Concentration Analysis:  The CC-10004 dosing formulations were formulated within -
10.4 to -1.2% of targeted concentrations of 1, 8, and 30 mg/mL. There was no 
detectable CC-10004 in the analyzed vehicle administered to the control group.

F1 GENERATION

Table 58:  Evaluations of the F1 Generation

Methods
Doses: None, F1 from maternally dosed animals

Number/Sex/Group: 25/dose group 
Litters were not culled during the lactation period. 
At weaning on postpartum day 21, F1 mice were 
randomly selected to dose groups (25/sex) for 
continued evaluation incorporating at least 1 male 
pup and 1 female pup/litter, when possible.

Satellite groups: None
Study design: Refer to tables below

F1 Generation Mice Dates
Passive Avoidance (Session 1) 01 Jun 2011 - 05 Jun 2011
Passive Avoidance (Session 2) 08 Jun 2011 - 12 Jun 2011
Motor Activity (Postpartum Day 22 and 61) 30 May 2011 - 04 Jun 2011
Motor Activity (Postpartum Day 61 ± 2) 07 Jul 2011 - 15 Jul 2011
Fertility Assessment
Cohabitation Period 17 Aug 2011 PM - 31 Aug 2011 AM
DG 0 18 Aug 2011 - 30 Aug 2011
Male Mice Sacrificed 12 Sep 2011
DG 13 Caesarean-Sectioning 31 Aug 2011 - 13 Sep 2011

Litters of mice that died or were sacrificed before scheduled termination were 
necropsied, with the exception of the litters of dams 2341 and 2362 in the 10 and 80 
mg/kg/day dosage groups, respectively. These pups were retained and monitored 
beyond postpartum day 21 at the request of the Study Director.

F1 General Methods and Assessments
 Day 1 of lactation (postpartum) was defined as the day of birth.
 Individual pup body weights were recorded on DLs 1, 4, 7, 14, 18 and 21, 

then weekly after weaning.
 Each litter was evaluated for viability at least twice daily and pups in each 

litter were counted once daily. 
 Clinical observations were recorded once daily during the preweaning 

period. 
 Female mice were evaluated for the age of vaginal patency, beginning on 

day 21 postpartum. 
 Male mice were evaluated for the age of preputial separation, beginning on 
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day 27 postpartum.
 Passive avoidance test for learning, short-term retention, and long-term 

retention was assessed from day 23 ± 1 day postpartum with 1 male and 1 
female from each litter, where possible

 Motor activity was evaluated on days 22 and 61 (± 2 days) postpartum. One
male and 1 female (when possible) from each litter were examined 
throughout the two testing periods.

 At approximately 90 days of age, the F1 generation mice within each dosage 
group were assigned to cohabitation, 1 male mouse per female mouse, with 
the exclusion of sibling matings. The cohabitation period occurred for a 
maximum of 14 days, followed by removal and individual housing of females 
with copulatory plugs.

 All male mice were necropsied after completion of the cohabitation period, 
and testes and epididymides were weighed. 

 On DG 13, female mice were necropsied. Female mice without a confirmed 
mating date were sacrificed on an estimated DG 13 and the uteri of 
apparently nonpregnant mice were examined to confirm the absence of 
implantation sites. 

 The number and distribution of corpora lutea were recorded. The uterus of 
each mouse was examined for pregnancy, number and distribution of 
implantation sites, and viable and nonviable embryos.

F1 Survival:

There was a significant increase in the number of stillborn pups from dams of the mid 
and high dose groups. This also contributed to a reduction in the number of liveborn 
pups (total and average pup numbers) in the mid and high dose groups, and the 
resultant reduced live litter size in the high dose group.

F1 pup survival and weight were reduced in dams in the 80 and 300 mg/kg/day groups.  
During the first week postpartum (DL 1, 2, and 4 to 7), the numbers of pups found dead, 
sacrificed due to adverse signs or missing and presumed cannibalized were increased 
in the mid and high dose groups. As noted earlier, dead pups in the 80 and 300 mg/kg 
dose groups lacked the presence of milk in their stomachs. The viability index (N live 
pups on day 4 postpartum/N live born pups on day 1 postpartum) was reduced in the 
mid and high dose groups compared to the vehicle control. Also the lactation index (N 
live pups on day 21, weaning, postpartum/ N live pups on day 4 postpartum) was 
reduced in the mid and high dose groups. 

Table 59:  Summary of F1 Litter Characteristics and F1 Pup Survival

Dose 
(mg/kg/day)

0 10 80 300

N 25 25 25 25
N, pregnant 22 21 22 23
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(88%) (84%) (88%) (92%)
Delivered a litter, N 22

(100%) 
20

(95.2%)
22

(100%) 
22

(95.6%) 
Mean delivered litter 
size 

13.5 13.6 12.2 11.2*

Mean number of 
liveborn pups 

13.5 13.4 11.2** 10.0**

Mean number of 
stillborn pups 

0 0.2 1.0* 1.0**

Pups with unknown 
vital status 

0 1 2 6

% pups found dead, sacrificed early, or missing/cannibalized 
Day 1 0.7 0 11.9 34.7**

Days 2-4 0.7 1.1 3.4 13.1**
Days 5-7 0 0.4 2.0** 1.8**

Viability Index 98.6 98.9 85.1 56.8**
Lactation Index 100 98.5 97** 96.5**
Live litter size (DL 21) 13.4 13.0 10.2** 8.4**

F1 Clinical signs:

There were no abnormal findings in F1 offspring related to CC-10004 treatment of F0

dams 

F1 Body weight:
Pup body weights were significantly reduced during the first week of lactation in pups 
from dams of the 80 and 300 mg/kg/day dose groups. By day 21 and thereafter, there 
were no meaningful differences in body weights between groups. By three months of 
age weight gain in the high dose animals was significantly greater than controls, 
although only 1 to 2 grams. This may indicate a prolonged effect or possible permanent 
change in weight regulating behavior long after dosing of CC-10004 ended. However, 
since only 2 litters were followed beyond 21 days of age, further studies would be need 
to verify this.

Table 60:  F1 Body Weight (pup weight/litter, g)

Dose Group
(mg/kg/day)
(F1 mice were not dosed)

0 10 80 300

Day1 1.6 1.6 1.5* 1.4**
Day 4 2.6 2.4 2.3* 1.9**

Day 7 4.0
3.8

(95%)
3.5**

(87.5%)
3.0**

(75.0%)
Day 21 10.4 10.0 10.2 9.6

F1 Physical development:
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There was no effect of CC-10004 treatment on the occurrence and timing of sexual 
maturation, preputial separation, or vaginal patency. There were no effects of CC-10004 
on F1 testes or epididymides weights or the ratios of these weights to the terminal body 
weight determined after the mating phase of the study.

F1 Neurological assessment

Passive Avoidance
There was no effect of CC-10004 on performance in a passive avoidance paradigm 
(learning, short-term retention, long-term retention, or response inhibition) 

Motor Activity
There was no effect of CC-10004 on motor activity (average number of movements or 
the time spent in movement).

F1 Reproduction and Fertility

Mating and Fertility
There was no effect of CC-10004 on mating and fertility parameters evaluated in the F1 
generation male and female mice (number of days in cohabitation, number of mice that 
mated, the fertility index, number of pregnancies per number of mice that mated, the 
number of mice with confirmed mating dates during the first and second weeks of 
cohabitation, and the number of pregnancies per number of mice in cohabitation).

F2 GENERATION

F2 Survival
There was no effect of F0 CC-10004 treatment on F2 fetal survival.

F2 Body weight:
There was no effect of F0 CC-10004 treatment on F2 generation fetal weights.

F2 External evaluation:
There was no effect of F0 CC-10004 treatment on F2 generation fetal litter parameters 
obtained at Ceasarian section (F1 corpora lutea, F2 implantations, F2 preimplantation 
loss, viable and nonviable F2 embryos, and F2 postimplantation loss).

F2 Male/Female ratio:
There was no effect of F0 CC-10004 treatment on F2 generation sex ratio.

F2 Other Findings:
No F1 dam had a litter consisting of only nonviable embryos. Caesarean-sectioning 
observations were based on 19 (76.0%), 20 (83.3%), 22 (88.0%), and 23 (92.0%) 
pregnant mice with one or more live fetuses in Groups I through IV, respectively.
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Methods and Results
Dose range finding study: In an initial dose range-finding study, Crl:HA (Albino Hartley) 
guinea pigs (n=2/sex, 10-11 weeks of age, males 617-896 g, females 499-741 g) were 
treated simultaneously with four doses of CC-10004 (0, 0.05, 0.5, and 3.0 mg/mL) 
applied at 0.4 mL to four different dermal sites along the dorsal truck scapular area 
using a closed topical patch. The vehicle was ethanol:propylene glycol (40:60 % v/v). 
The positive control was 50% hexylcinnamic aldehyde. Verification of the dose 
concentration indicated they were homogeneous but the low concentration was 25%-
31% greater than expected, the mid concentration 20.3 to 25.6% lower than expected 
and the high dose 0.4% to 2.7% of expected. The site was scored using the Draize 
scale for erythema/eschar and edema. The reactions elicited were compared for 
incidence, severity, and duration control groups and CC-10004-treated and a severity 
index (SI) and a sensitization index (SII) were calculated.

There were no signs of irritation at any dose in the range-finding study at either the 24 
or 48 hour timepoints. The high dose of 3.0 mg/mL was therefore used in the 
sensitization study. Since the high dose was selected for later study, there is no concern 
that the lower doses were inappropriately prepared.

Sensitization Study: In the skin sensitization study, guinea pigs were treated as 
indicated in the table below with 3.0 mg/mL CC10004 or control solutions applied by a 
topical patch. The dose was administered to the same site once a week for 3 weeks. 
The challenge application was made to the shaved left or right posterior flank. The 
duration of topical exposure was 6 hours, and then the site was washed to remove 
residual compound.
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There was no irritation in the CC-10004-treated animals in the challenge phase of the 
sensitization study, resulting in a 0% Sensitization Incidence Index. However, there 
were 3 control group animals that had equivocal signs of irritation (erythema score of 
0.5), 1 at the 24 hour score and 2 at the 48 hour score. In the positive control group, 2 
animals (10%) were observed with erythema scores of 1 and 12 animals (60%) with 
erythema scores of 0.5. Due to the equivocal challenge scores in the controls, the CC-
10004 and positive control groups were rechallenged.

Table 61:  Summary of Dermal Irritation Scores  combined males and females

A set of animals was rechallenged along with naive control animals as presented in the 
following table since the results from the first challenge were equivocal.

The rechallenge results indicated the control group had no signs of irritation, and the 
positive control group had 14 animals with erythema scores of 1 or greater, 
corresponding to a strong sensitizer.  Only one CC-10004 treated animal had positive 
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Table 63:  Concentrations of CC1004 and Chlorpromazine Tested

The ultraviolet radiation (UVR) source was a Xenon arc solar simulator, equipped with a 
Schott WG 320 filter. It was noted that a non-validated software version OL 756 v.2.21. 
for the OL 756 spectroradiometer was used for measurement of the spectral emission of 
the Atlas xenon arc lamp. Also, the spectral emission of the xenon radiation was not 
measured for these specific assay runs, the historical UVR dose intensities (through the 
lid of the cell culture plate) were 5 J/cm2 for UVA and 17-25 mJ/cm2 for UVB. It's unclear 
if the historical values were also derived from studies with non-validated software. The 
applicant stated that the spectral distribution of the lamp conforms to spectra measured 
by previous instruments and published data for this lamp and filter configuration and 
that comparison of the spectral emission data from the unvalidated software and the 
validated software demonstrated concordance between the two spectra.

The optical density (OD) of the vehicle controls and the blank wells for each plate was 
determined. The percent survival of the 3T3 cells exposed to UVR was calculated by 
comparing the OD540 of cells exposed to UVR with the OD540 of cells not exposed to 
UVR. 

The IC50(-UVR) and IC50(+UVR) could not be calculated since there was no cytotoxicity 
with CC-10004 treatment and UVR exposure, and therefore PIF = *1 was used to 
characterize this result: 

The Mean Phototoxic Effect (MPE) was also calculated.
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Table 64: Criteria for determination of a valid test (OECD guideline)

Results
In the range-finding assay, the percent UVR exposure survival was 91%  and the OD540 

was 0.616. In the definitive assays 1 and 2, the percent survival was 92% and 92% and 
the OD540 was 0.565 and 0.557, respectively. CPZ cytotoxicity IC50 range from 7.0 to 90 
mg/L) and the phototoxicity IC50 ranged from 0.1 to 2.0 mg/L, with a photoirritancy factor
(PIF) less than 6. These values are within the OECD recommended criteria for positive 
and negative controls and concluding a negative effect for CC-10004. 

There was no cytotoxicity of cells exposed to CC-10004 with or without UVR exposure, 
and CC-10004 was not phototoxic under the conditions of this assay. 

Table 65:  Summary of Results of Range-Finding and Definitive Assays
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11 Integrated Summary and Safety Evaluation

Pharmacology

CC-10004 (apremilast) is a new moleculat entity that inhibits phosphodiesterase 4 
(PDE4) enymes. From published studies, it is known the inhibition of PDE4 results in 
increased levels of intracellular cAMP, initiation of an intracellular signaling pathway that 
involves the activation of protein kinase A, and activation of cAMP responsive element 
binding protein (CREB/ATF-1) family of transcription factors, as well as downregulation 
of nuclear factor kappaB (NF-κB) transcriptional activity. Published studies by the 
applicant's scientists (Shafer et al., 2010) using PDE4 isolated from U937 human 
monocytic cells (predominately PDE4b and PDE4D activity) and 1 µM cAMP, found that 
CC-10004 had an IC50 of 74 nM, binds competivitly with the cAMP-PDE4 complex with 
an estimated Ki of 68 nM, and that dilution will reverse the inhibition. Inhibition of PDE4 
results in increased levels of intracellular cAMP, initiating an intracellular signaling 
pathwasy that involves the activation of protein kinase A, and activation of cAMP 
responsive element binding protein (CREB/ATF-1) family of transcription factors, as well 
as downregulation of nuclear factor kappaB (NF-κB) transcriptional activity. The 
functional result is alteration of both inflammatory and anti-inflammatory mediators. The 
applicant demonstrated that CC-10004 alters many of mediators in numerous in vitro 
and in vivo conditions, including various animal models of arthritis. Some of the 
mediators assessed by the applicant were inducible nitric oxide synthase, tumor 
necrosis factor-alpha (TNF-α), and interleukins (IL-17, IL-23, and IL-10).

Primary Pharmacology
The primary pharmacodynamic properties of CC-10004 were evaluated in assays 
examining effects on other phosphodiesterases, receptors, enzymes, and kinases. CC-
10004 had a IC50 of 74 nM for PDE4 isolated from U937 monocytic cells  

 CC-10004 was approximately 
279- to 40,000-fold more selective for PDE4 inhibition than for other PDE subtypes, but 
was non-selective for subtypes A1A, B1, B2, C1, and D2 within the PDE4 group. In 
screening assays, CC-10004 lacked activity with 255 kinases, 68 cell surface receptors, 
and 17 enzymes. Metabolites M7 (CC-10055) and M17 (CC-16401) had PDE4 inhibitory 
activity and inhibited TNF-α production, but comprise low levels (1% in human) of 
plasma concentration of CC-10004.

Arthritis Models
CC-10004 inhibited TNF-α production in human synoviocytes obtained from rheumatoid 
arthritis (RA) patients. At oral doses of 5 and 25 mg/kg, CC-10004 reduced the clinical 
and histological severity in a collagen-induced arthritis model in mice, and inhibited hind 
paw swelling in the collagen monoclonal antibody/lipopolysaccaride-induced arthritis 
model similar to that of oral 1 mg/kg dexamethsaone or intraperitoneal 5 mg/kg 
etanercept.

Secondary Pharmacology

Reference ID: 3410539

(b) (4)



NDA 205437                                      Reviewer: LS Leshin

147

CC-10004 is derived from a core thalidomide moiety with modification of the side 
chains. In many of the pharmacology studies, the applicant included thalidomide or 
approved thalidomide-related compounds to demonstrate that CC-10004 has a different 
profile of phamacodynamic activity. They demonstrated that CC-10004 did not bind to 
cereblon, an E3 ubiquitin ligase substrate coreceptor identified as the primary 
teratogenic target of thalidomide. CC-10004 metabolites were not tested, but since they 
lack the cereblon-binding aminoglutarimide moiety of thalidomide, also absent in CC-
10004, they are also not expected to bind with cereblon. 

A prominent clinical sign in monkeys and humans is emesis, especially during the initial 
oral dosing days. The sponsor attempted to rationalize that this was not a CNS effect 
due to the finding of low (<0.5) brain-plasma ratios in rats and ferrets, as well as the 
protective effects of P-glycoprotein. However, the chemosensitive center in the medulla 
lies outside the blood brain barrier, so additional studies are needed before dismissing a 
CNS-initiating site.

Safety Pharmacology
Following single oral doses of CC-10004 to rats, there were findings of initial concern in 
studies of neurobehavioral and cardiovascular function, but not respiratory function or 
gastroinstestinal transport. There was one animal that died in the high dose  the day 
after neurological testing. CC-10004 produced symapthetic activation responses. In the 
hERG assay, the IC50 of 184 µM for IKr would be greater than 100-times the human Cmax

at 30 mg BID dose. The lack of QT prolongation was confirmed in a follow-up study in 
anesthetized dogs, but there was increase left ventricular pressure with increasing 
doses. Further studies were conducted in monkeys as part of the general toxicology 
assessments. There were also negative for QT prolongation, but there was insufficient 
information provided to assess the validity of these studies and minimal data listings 
were provided. A tQT evaluation in humans was negative for inducing QT prolongation 
(refer to the Medical Officer's Review)

ADME/Pharmacokinetics 

Absorption and Distribution:
The main studies for characterizing the absorption, distribution, metabolism, and 
elimination of CC-10004 were conducted with radiolabeled [14C]-CC-10004,
administered both orally by gavage and intravenously. Oral bioavailability of CC-10004 
was approximately 27% in the mouse, but not accurately determined for the monkey 
due to low concentrations with the intravenous dosing aspect of the study. However, 
based on a comparison of total radioactivity in blood in ADME studies, it was estimated 
to be approximately 80%. Studies in rats found oral bioavailability to be sex dependent 
(65% in females, but only 12 % in males). This is one reason rats were not used in most 
toxicology studies. There was <1% oral bioavailability in the rabbit. Thus, monkeys were 
used in the embryofetal developmental study instead of the rabbit. In mice, the volume 
of distribution was 2 to 3-fold that of body water volume indicating it distributed well to 
extravascular tissue spaces. Systemic clearance of CC-10004 was also species 
dependent. In mice, it was very low (<1/6 liver blood flow), but high in male rats and 
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Metabolism:  
In vitro studies with [14C]-CC-10004 with liver microsomes or hepatocytes and in vivo 
studies indicated extensive metabolism, although there were some species differences. 
Compared with findings with human microsomes and hepatocytes, all metabolites from 
human tissues were found in the toxicology species; there were no unique human
metabolites. There was also no difference in metabolism of [14C]-CC-10004 between 
adult and juvenile tissues in male mice or humans. Metabolism in rabbit and sex 
difference in metabolism in the rat corresponded with the difficulty in attaining systemic 
exposure in the rabbit and the vastly different dose-exposure profiles between male and 
female rats, respectively. The main metabolic pathway in all species including human is 
oxidation through O-demethylation, forming M3, and subsequent glucuronidation, 
forming M12 the major metabolite. Non-cytochrome P450 hydrolysis also produced 
detectable in vivo metabolites M1/M2. CYP3A4 was the major isozyme metabolizing 
CC-10004 to M3, CYP3A4 and CYP2A6 contributed to the formation of M5. Other 
isozymes that were demonstrated to influence metabolite formation includes CYP1A2, 
CYP2A6, CYP2C9 and CYP2C19. In vitro studies found that CC-10004 did not inhibit or 
induce CYP isozymes

Excretion: 
In animals, studies with oral or intravenous [14C]- CC-10004 dosing found the primary 
route of excretion was hepatobiliary. Following an intravenously administered dose,
56% to 71% was excreted in feces. Urinary excretion was minor, comprising 8% to 18% 
of an intravenous dose. The excreted form consisted primarily of metabolites.

General Toxicology
The pivotal studies consisted of daily oral dosing by gavage in GLP toxicology studies in 
CD-1 mice and cynomolgus monkeys. Of note, there were no recovery groups in these 
studies, and therefore at the request of DDDP, a recovery study was conducted in mice. 
Studies in rats were conducted to enable the selection of doses for the 2-year 
carcinogenicity assay. In initial studies in rats, a substantial sex difference was noted in 
rats that was not apparent in mice, so mice were used for the majority of the repeated 
dose studies including the 6 month study.

Mouse
Multiple repeated dose studies were conducted to arrive at a NOAEL. The initial study 
(Report 1398/277), administered doses of 500, 1000, and 2000 mg/kg/day for 14-days. 
All doses produced gastrointestinal adverse effects (distension, thickening, irregular 
surface and raised foci in the stomach) along with reduced food consumption and body 
wieght loss. Clinical pathology findings included an increased neutrophils with 
lymphocytopenia, and increase total protein and globulin and a reduced albumin 
reduction in AST and ALT.

Doses were lowered in the following 28-day study (Report 1398/289) to 250, 600, and 
1500 mg/kg/day. Mortalities occurred in the 600 and 1500 dose groups. The major 
histopathological findings were a dose related arteritis occuring at multiple sites 
including the heart (at the root of the aorta and at the base of the heart), thymus, liver, 
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stomach, and the hemopoietic system. Perivascular inflammatory cell infiltration 
occurred in the lung. Synovitis was present in the stifle. Other findings included 
centrilobular hepatocyte hypertrophy and hyperkeratosis in the forestomach. In a 
second 28-day study (Report 1398/297), doses were further reduced to 5, 25, 75 and 
150 mg/kg/day. Arteritis was noted at all dose levels, although only at 150 mg/kg/day in 
females. A third 28-day study (Report 1398/333) was conducted with doses of 1, 2, and 
4 mg/kg/day. The NOAEL was finally attained at 4 mg/kg/day (AUC0-24 = 3900 ng-h/mL). 
The AUC exposure was 62% of the AUC of the 5 mg/kg/day dose in the previous study, 
a steep fall in exposure for 1 mg/kg/day drop in dose to attain the NOAEL.

In the 13-week study (Report 1398/373) the doses were 2, 4, 8 and 16 mg/kg/day.
Arteritis was present at 16 mg/kg/day in a few animals, at the root of the aorta and in 1 
female also the thymus. The NOAEL was 8 mg/kg/day (AUC0-24 = 9298 ng-h/mL). 

In a second 13-week study (Report CC-10004-TOX-002), doses were 100, 300 and 
1000 mg/kg/day. There were no mortalites, but histopathology indicated inflammatory 
lesions associated with organs in the thoracic cavity (heart, aortic root, and lung) at 
dose of 300 and 1000 mg/kg/day, as was also found in the shorter studies. The NOAEL 
was 100 mg/kg/day (AUC0-24 = 24898 ng-h/mL). However, it is doubtful this was a true 
NOAEL, since many tissues were not evaluated. A vascular lesion such as arteritis, 
does not necessarily appear at the same locations or within the same organs. In the 
mouse, the occurrence of CC-10004 related arteritis was usually within the thoracic 
cavity organs, particularly the aortic root-heart interface, and less often at other 
locations, but in the monkey, arteritis was infrequent and usually at different locations 
across studies. The infrequent occurrence (due to the way it is categorized by location) 
and few animals studied indicates that it could be difficult to distinquish from an 
incidental finding. 

In the 6-month study in mice (Report CC-10004-TOX-004), CC-10004 was administered 
at doses of 10, 100 and 1000 mg/kg/day. Mortalities occurred at the 100 and 1000 
mg/kg/day doses and histopathology findings were similar to those in previous studies. 
but more extensive in this longer study, and included arteritis of the aortic root and other 
cardiac arteries and myocardium, and inflammation and vascular lesions in abdominal 
organs. The NOAEL was 10 mg/kg/day (AUC0-24 = 5728 ng-h/mL).

A final study was conducted to address the concerns of DDDP for lack of recovery data 
for adverse lesions, since none of the previous studies had included recovery groups. In 
this study (Report CC-10004-TOX-008) female mice were administered either 300 or 
1000 mg/kg/day for up to 90 days and with necropsy at various recovery times, 31 or 76 
days of recovery. All histopathological changes due to CC-10004 treatment were 
recoverable within 90 days. These included effects in the thymus (inlammation, 
lymphoid depletion, and lymphoid hyperplasia), liver (hypertrophy), mesenteric lymph 
node (inflammation and lymphoid hyperplasia), and arteritis of the aortic root. In some 
cases there were only 1 or 2 incidences of lesions, and therefore, the absence of these 
in the recovery group had a high probability of being a false positive for recovery, ie. the 
lesion may not have ever been present in the recovery animals. 
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Rat
A 90-day rat study was conducted to determine doses for a 2-year carcinogenicity 
bioassay. The studied doses were 0, 0.3, 3, 10 and 30 mg/kg/day in females and 0, 30, 
100, 300 and 1000 mg/kg/day in males. CC-10004 caused acute inflammation and
lymphoid depletion in multiple tissues in all dose groups which manifested clinically by 
prostration and a neutrophilic leukocytosis, increased acute phase proteins 
(haptoglobin), and decreased albumin. Lethality was noted in all male dose groups and 
the mid-high and high dose females. Histpathology indicated the occurrence of 
lymphoid depletion and/or subacute inflammation of the thymus, small intestines and/or 
mesentery in all CC-10004 dose groups. No NOAEL was identified, but a MTD for 13 
weeks of dosing was determined to be 30 mg/kg/day in males and 3 mg/kg/day in 
females. Even these doses were too high for the long carcinogenicity study as the 
selected lower doses used in the carcinogencity study had to be reduced even further 
during the study (refer to the Carcinogenicity studies in Section 8 of the review). 

Monkey
Studies in monkeys included dose-finding studies and a 14 day repeated dose study 
(Report 1398/283) with a minimal number of animals per group (2-3) at what was 
suspected to be the maximum tolerated dose of 750 mg/kg/day. The applicant 
determined that the monkey would not tolerated a long-term study at this dose. Emesis 
was observed at ≥300 mg/kg and was often observed as a finding in all monkey studies.  
There was a 9-14% body weight loss over the 14 days of repeated dosing. The 
histopathology findings were few, including atrophy of the thymus, sternal marrow 
hemopoiesis, and lesions of the tail that may have contributed to pyemic foic in the 
heart and lung, lymphadenitis and arteritis in the epididymis. Due to the few animals, 
these may have been incidental findings. The only consistent finding with the mouse 
studies was the case of arteritis, although arteritis was more common in the thoracic 
region (heart - aortic junction) in the mouse. 

In another 14-day dose-finding study for an embryofetal development study (Report CC-
10004-TOX-010), female monkeys of at least 4 years of age, the oldest ones studied 
with histopathology evaluations, were dosed once or twice daily with total daily doses of 
100, 200, 500 or 1000 mg/kg/day. With few animals again, there was no effect on body 
weight, but the high dose group appeared thin. Emesis was common during the first 
week. The major finding of concern was myocardium degeneration/necrosis with acute 
to subactue inflammation and hemorrhage in 1 female at 200 mg/kg/day and 2 females 
at 1000 mg/kg/day. These tissues were submitted for peer review evaluation. The 
original findings were confirmed and there was also no signs of vasculitis. Additonal 
sections stained for granulocytes, determined the two high dose animals had a 
eosinophilic tissue infiltrate, while the 200 mg/kg/day animal had an infiltrate consisting 
of lymphocytes and neutrophils. This was used to conclude that the findings for the 200 
mg/kg/day animal were more typical of common background lesions while the high dose 
animals had a hypersensitivity myocarditis, which was likely CC-10004 related. 
Although the NOAEL was limited to the 500 mg/kg/day dose, if this lesion was actually a 
hypersensitivity reactions, then it may not necessarily occur in humans, since immune 
responses in animals are usually not predictive for occurrence in humans. Based on 
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results of this study, doses selected for the monkey embryo-fetal study were 20, 50, 
200, and 1000 mg/kg/day, and doses ≥50 resulted in fetal abortions (see Report CC-
10004-TOX-013 in Section 9 of this review).

A 28-day study (Report 1398/296) followed the initial dose range finding study with 
doses of 50, 180 or 650 mg/kg/day. The hematology profile at termination consisted of  
a dose-dependent increase in white blood cells due to an increase in neutrophils and a 
reduction in lymphocytes. There were no clinical pathology effects or changes in organ 
weights. The major finding of concern was vasculitis occuring in 1 male at 180 
mg/kg/day in connective tissue of the sciatic nerve, and in 2 females at 650 mg/kg/day, 
one with vasculitis also in connective tissue of the sciatic nerve and another in 
connective tissue adjacent the kidney. The NOAEL was 50 mg/kg/day (AUC0-24 = 12372 
ng-h/mL). 

In a 13-week study (Report 1398/368), monkeys were administered doses of 25, 85, or 
300 mg/kg/day. There were no findings of vasculities, and no adverse pathology. The 
only effects other than excessive salivation in all dose groups, was occassional emeis 
or retching in the high dose group. The NOAEL was 300 mg/kg/day (AUC0-24 = 27915 
ng-h/mL).

A 12-month study (Report CC-10004-TOX-005) was conducted with doses of 60, 180 
and 600 mg/kg/day. Although there were now 5/sex/dose group, the animals were only 
2 years of age at the start, thus the study was conducted using juvenile animals. As 
such, there was no assessment of toxicity by histopathology of mature sexual organs in 
the monkey general toxicology studies. As seen in the 13 week study, there was an 
increase in total white blood cells due to an increase in neutrophils and a reduction in 
lymphocytes. Fibrinogen was also elevated in the later part of the study. There were no 
adverse pathological findings. The NOAEL was 600 mg/kg/day (AUC0-24 = 34774 ng-
h/mL).

In the monkey, the uncommon situation occurred in which a longer period of treatment 
resulted in a gradual increase in the NOAEL level. It appears the short duration studies 
had a greater incidence of adverse effects, although relatively few animals were 
studied. The major adverse finding in these studies were emesis and vasculitis. The 
incidences of vasculitis were few in the monkey and at locations different from the 
mouse. It is possible that the monkey is able to resolve vasculitic events over time such 
that they are not apparent in the longer term studies.  

All of the pivotal toxicological studies in monkeys were conducted with mostly juvenile 
monkeys. Therefore, there was not an adequate histopathologiocal assessment of 
mature sexual organs health in the monkey general toxicology studies. Although this
was addressed in the mouse general toxicology and fertility studies, with an absence of 
CC-10004-related toxicity,the monkey would have been a more appropriate species for 
analysis due to the relatively high incidences of adverse findings in control mice.
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at the mid dose and 2 at the high dose of 70 animals per dose group, the pairwise 
comparison with control incidences of 0 were not significant.

Reproductive and Developmental Toxicology
Fertility and pre- and post-natal developmental studies were conducted in the mouse. 
Embryofetal developmental studies were conducted in mice and monkeys. 

Fertility

Fertility studies consisted of an initial study in which CC-10004-treated males and CC-
10004-treated females were mated within the same dose group. Adverse findings from 
the resultant pregnancies were followed up with separate studies in which CC-10004-
treated males were mated with untreated females and CC-10004-females were treated 
with unmated males. 

In the initial study, (Report CC-10004-TOX-001) CC-10004 was administered to male 
and female mice orally by gavage, once daily at doses of 0, 100, 300, and 1000 
mg/kg/day. Males were treated from 28 days before cohabitation until the end of the 3 
week mating phase. Females were treated from 15 days prior to cohabitation through 
gestation day 7 (GD 7). In males, body weight increased with CC-10004 treatment. 
Testes weight increased, but seminal vesicle and prostate weight decreased at the mid 
and high doses. There was no effect on sperm numbers or motility. Mating time was 
increased with a reduction in the number of matings in a dose-dependently manner.  
The fertility index was reduced. There was an increase in postimplantation losses in all 
CC-10004 groups compared to the control. No NOAEL was determined for either males 
or females. In males androgenic effects resulting from testes growth appear to be 
attenuated. In females estrous cyclicty might have been disturbed as well as hormones 
involved in the maintenence of pregnancy. Since the safety of apremilast on male or 
female fertility could not be concluded, another study was conducted.

In the follow-up fertility studies (Reports CC-10004-TOX-011 and CC-10004-TOX-012), 
mice were administered doses of CC-10004 orally by gavage. The males were dosed at 
0 (vehicle), 1, 10, 25, or 50 mg/kg/day of CC-10004 and females received 0 (vehicle),
10, 20, 40, or 80 mg/kg/day of CC-10004.  Note that these doses were substantially less 
than the lowest dose (100 mg/kg/day) of the initial fertility study. In these studies males 
were mated with untreated females and females were mated with untreated males. In 
both males and females either body weight or weight gain increased during the dosing 
phase, 70 days for males, and from 2 weeks before mating through gestation day 15 for 
females. In males, testes weight also increased, but there was no effect of CC-10004 on 
sperm motility or sperm counts. There were no detrimental or dose related effects in 
embryofetal evaluations of the treated males mated with untreated females. The 
NOAEL for fertility in males was the high dose of 50 mg/kg/day corresponding to an
AUC0-24 of 21040 ng-h/mL. 

For treated females, estrous cyclicity was prolonged due to an increase in diestrus 
period. This resulted in a longer time until mating occurred. However, all females did 
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mate and there was no difference in pregnancy rates between dose groups. The 
NOAEL for female mating which probably reflects an unidentified CC-10004 effect on 
the brain-pituitary-ovarian axis was 10 mg/kg/day corresponding to a premating AUC0-24

of 7407 ng-h/mL. There was no effect on numbers of corpora lutea and implantations, 
however early resorptions were increased for doses ≥20 mg/kg/day. There was no 
effect on the sex ratios. Fetal body weights were reduced at 40 and 80 mg/kg/day 
doses. There were no increased incidence of malformation, and only a few cases where 
variations increased. These were associated with a reduction in ossification sites that 
occur during late gestation and is susceptible to maternal nutritional stress, which was 
evident in this study by reduced maternal weight gains and reduced fetal weights at the 
higher doses. Toxicokinetic comparison of simultaneous fetal and maternal blood 
collection at necrospy, indicated that fetal concentrations of CC-10004 were detectable, 
but highly variable in magnitude at the collection time 24 hours after the last dose was 
administered. Due to preimplantation losses and reductions in fetal body weights, the 
NOAEL for embryofetal development was also the low dose of 10 mg/kg/day 
corresponding to an AUC0-24 of 9450 ng-h/mL.

Embryofetal Development

In the mouse, CC-10004 was administered orally by gavage to pregnant CD-1 mice 
from GD 6 through 15 at doses of 0 (vehicle), 250 500 or 750 mg/kg/day (Report 
1398/309). Maternal effects included reduced weight gain and food consumption (both 
up to a 24% reduction compared to control). The reduction in weight gain was attributed 
to the CC-10004 related reduction in uterine weight, since when body weight was 
corrected for uterine weight changes, there was no difference in maternal weight 
between groups. While this may lead to question if the highest dose administered was 
sufficient for a valid study, one needs to remember that the general toxicology studies 
resulted in a weight gain in the initial weeks of repeated dose studies. Therefore, in the 
embryofetal study, the absence of normal maternal weight gain could be an indicator of 
CC-10004 toxicity. There were no effects on pregnancy rates, corpora lutea numbers, 
implantation sites, and preimplantation losses. The percentage of pregnancies that had 
total litter losses was greater in the high dose group (27% compared to 9% for controls). 
This resulted in a reduction in the number of pregnancies with live fetuses on GD 18 in 
the high dose group (68%, compared to 82% for the control group). The reduction in 
litters and litter size of CC-10004 treated dams was due to postimplantation losses 
which were greater in all CC-10004 dose groups than the control (litters: from 26.1% to 
41.4% compared to 18.9% for the control group; litter size: high dose 7.9 compared to 
10.8 for the control group). Toxicokinetic data was not collected for this study. Fetal 
weight (total and mean fetal weight) was also significantly reduced in a dose dependent 
manner (up to 74% and 84%, respectively, compared to control). Both male and female 
mean fetal weights were reduced. There was no effect on the sex ratio.

The total number of fetuses with malformations (expressed as a percentage of fetuses 
examined) and the percentage of the litters with malformations was greater for CC-
10004 treatment groups. However, when separated into external/visceral and skeletal 
groupings, there was no dose-related effect. For external and visceral effects, the low 
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and mid dose were greater than the control numbers expressed as mean % of fetuses 
and % of litters affected. For skeletal malformations there was an increase in these 
values relative to control, but the greatest effect was in the mid dose.

There was a dose-related increased incidence in skeletal variations that consisted of 
incomplete ossification sites, but this could be a secondary effect associated with 
reduced fetal weight, reflecting retarded growth, and a consequence of maternal 
toxicity. There was no effect of CC-10004 on external/visceral variations. 

The rabbit was not an appropriate species for CC-10004 study. Preliminary studies 
(Reports 1398/290, 1398/291, and 1398/292) indicated that adequate systemic 
exposure of CC-10004 could not be obtained due to poor bioavailability. Therefore, an 
intravenous infusion initial dose-range finding study (Report CC-10004-TOX-009) was 
conducted but animals quickly became moribund and had to be euthanized. The vehicle 
also contributed to the toxicity profile. The sponsor then switched to an alternative 
species, the cynomolgus monkey.

Pregnant cynomolgus monkeys were orally administered CC-10004 at doses of 20, 50, 
200 or 1000 mg/kg/day, once daily, from GD 20 to GD 50. Fetuses were examined after 
Cesarean section on GD 100 (Report CC-10004-TOX-013). The 20 mg/kg dose group 
was added to the study after dose-related increased incidences of abortions were noted 
in the initial dose groups. There was a dose-related increase in the incidence of fetal 
losses, (37.5%, 50%, and 81% for the 50, 200 and 1000 mg/kg doses, respectively). 
Losses in the 20 mg/kg/day group (12.5%) were similar to controls (15%). Losses were 
more common during week 3 and 4 of CC-10004 dosing, with only 1 abortion in the 50 
mg/kg dose (day 62) and 1 abortion in the 200 mg/kg dose (day 90) occurring after the 
dosing period. 

There was an initial mean weight loss during the first week of dosing in the 200 and 
1000 mg/kg dose groups compared to the control group, and a reduction in gestational 
body weight gain in the high dose group compared to the control group. Placenta weight 
and fetal weight tended to be reduced in the 1000 mg/kg dose group compared to the 
control group, again limited by the few fetuses surviving to day 100. There were no 
treatment-related changes in fetal body weights, fetal body measurements, or placental 
weights, or fetal organ weights. However, organ weight analysis was not calculated in 
terms of % body weight, so this analysis was incomplete. CC-10004 was also 
administered at the time of necropsy so that fetal blood levels could be quantified. CC-
10004 was detected in fetal blood with concentrations approximately 40% of the 
maternal concentration at the approximate time of Tmax, which was based on maternal 
toxicokinetic analysis on GD 20 and GD 50. 

As mentioned in the review of Dr Booker (see Appendix 9), the teratogenic effects of 
CC-10004 in the monkey were not adequately evaluated due to the high incidence of 
dose-related fetal abortions, coupled with the absence of examination of these fetuses.
Of the 3 fetuses examined in the high dose group, there was only one skeletal 
malformation, scoliosis, due to vertebra abnormalities (fetus #14695 of the high dose 
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group). Numerous skeletal variations were observed in all dose groups, including the 
control animals, particularly with regards to ossification sites and misaligned tail 
vertebrae. However, the findings were not dose related and were noted as common 
background findings for the conducting laboratory. Although a definitive conclusion 
regarding overall teratogenic potential of CC-10004 was not possible, compared to 
control incidences and given the lack of appropriate numbers of fetuses examined, the 
increased incidence of skeletal variations was considered an effect of CC-10004. 

Pre and Post-Natal Development

In the pre- and post-natal development study (Report CC-10004-TOX-1139) CC-10004 
was administered orally (via gavage) to pregnant female Crl:CD1(ICR) mice (25/group) 
at doses of 0 (1% w/v aqueous carboxymethylcellulose), 10, 80, or 300 mg/kg/day from 
day 6 of gestation (GD 6) through day 20 of lactation (LD 20). There were mortalities in 
the high dose group associated with difficulty in delivering at 300 mg/kg/day (1 death, 
evidence indicating it occurred during delivery), and overt clinical observations including 
those associated with difficulty in delivering at 80 and 300 mg/kg/day (pale ears, 
hunched posture, mild dehydration, dyspnea, hyperpnea, and in 1 high dose animal the 
occurrence of clonic convulsion). The high dose group had reduced maternal body 
weight and weight gain compared to the control group. Reductions in maternal body 
weights on LDs 4 and 14 (5% to 10% below control) and reductions in body weight gain 
on GDs 12 to 15 and 15 to 18 (11% to 17% below control) and LDs 1 to 4 and 7 to 14 
(59% to 55% below control) at 300 mg/kg/day. There were no effects of apremilast on 
the duration of pregnancy, number of pregnant mice at the end of the gestation period 
and the number of mice that delivered a litter. The maternal NOAEL was 10 mg/kg/day, 
due to early abortions, premature delivery and associated dystocia.

The F1 generation had an increased postnatal pup mortality on LDs 1 through 7 
including increased stillbirths, missing and presumed cannibalized pups, pups found 
dead or sacrificed due to adverse signs, with correlating decreases in pup viability index 
(85% for the mid dose, 57% for the high dose compared to 98.6% for the control group) 
and live litter size at LD 21 (10.2 for the mid dose, 8.4 for the high dose, compared to 
13.4 for the control group). This was based on 3 dams at 80 mg/kg/day and 9 dams at 
300 mg/kg/day that had lost all pups by LD 5. Surviving pup mean body weights per 
litter through LD 7 at 80 and 300 mg/kg/day were reduced compared to controls (87.5% 
and 75% of mean control weights, respectively), however by day 21 (weaning) and 
thereafter, there were no differences from control group body weights. Pups that died 
had a dose-related increase incidence in the absence of milk in their stomachs. There 
were no effects of F0 treatment with apremilast on the F1 generation for clinical or 
necropsy observations after weaning; body, testes or epididymis weights; sexual 
maturation; passive avoidance; motor activity; mating; fertility or F2 embryofetal 
parameters. The NOAEL for the F1 generation was 10 mg/kg/day due to early postnatal 
mortality. 

Apremilast in Milk 
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In a single dose study (Report CC-10004-DMPK-034, refer to Section 5 
Pharmacokinetics), lactating mice (approximately day 13 of lactation), were 
administered one dose of 10 mg/kg apremilast and blood and milk samples were 
obtained simultaneously at 1, 6 and 24 hours after apremilast administration. Apremilast 
was detected in the milk of lactating mice at levels at levels approximately 1.5-times that 
of simultaneously collected blood plasma samples at 1 and 6 hours, and not detectable 
in either milk or plasma at 24 hours. 

Recommendations

The nonclinical safety program for apremilast is complete. There are adequate 
nonclinical safety margins (approximately 1 for mouse and 5 for monkey on an AUC 
basis) for the proposed MRHD of 30 mg BID apremilast at the NOAELs of the chronic 
toxicology studies. From a PharmTox perspective, the application is recommended for 
approval. There is no need for further nonclinical studies.

Exposure margins relevant to application approval and product labeling are provided in 
the table below.
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Table 66:  Nonclinical Toxicologically Relevant Exposure Margins

Adverse Effect
NOAEL

(mg/kg/day)
AUC 

(ng-h/mL)
Exposure 
Margin+

General Toxicology

Mouse
6-month study
Report CC-10004-TOX-004

Mortality, Vascular 
Inflammation

10 5728 0.77X

Cyn. Monkey
1 year study
Report CC-10004-TOX-005

None 600 34772 4.7X

Carcinogenicity

Mouse
Report CC-10004-TOX-006

None 1000 63952 8.6X

Rat
Report CC-10004-

TOX-007

male None 20 608 0.08X

female None 3 7721 1.1X

Fertility

Mouse

male
Report CC-10004-
TOX-011

None 50 21040 2.8X

female
Report CC-10004-
TOX-012

Estrous cyclicity and 
Mating

10 7407
a 1.0X

Postimplantation Loss 10 9450
b 1.3X

Embryofetal Development

Mouse
Report CC-10004-TOX-012

Postimplantation Loss 10 9450
b 1,3XX

Cyn. Monkey
Report CC-10004-TOX-013

Postimplantation Loss 
(Abortion)

20 10100 1.4X

50, 15400 2.1X

Pre-Postnatal Development*

Mouse
Report CC-
10004-TOX-
1139

labor
Premature Delivery, 

Dystocia
10 4902* 0.66X

postnatal 
development

Early Postnatal 
Mortality

10 4902* 0.66x

Postnatal 
Development

80 29215* 3.9X

+
  Exposure margins were based on comparisons between the area under the concentration-time curve 

(AUC) for a 24 hour period in toxicology studies and the human population PK value of 7440 ng-h/mL 
for the MRHD of 30 mg BID. The human value was derived from data that included clinical study CC-
1004-RA-002 with an AUC0-24 of ~7200 ng-h/mL and CC-1004-PSOR-005-PK with an AUC0-24 of 
~8900 ng-h/mL

*  TK was not determined in this study; values from the fertility study, Report CC-10004-TOX-012, were 
used to determin exposure margins.

a
AUC at day 14 of premating

b
AUC at day 15 of gestation
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Reviewer's Recommendation

Pregnancy Category C

Risk Summary

Adequate and well-controlled studies with TRADE NAME have not been 
conducted in pregnant women. In animal embryofetal studies, the administration 
of apremilast to cynomolgus monkeys during organogenesis resulted in dose-
related increases in abortion/embryo-fetal death at dose exposures 2.1-times the 
maximal recommended human therapeutic dose (MRHD) and no adverse effect 
at an exposure of 1.4-times the MRHD. Although no teratogenic effects were 
observed in monkeys at doses corresponding to 2.1-times the MRHD, the study 
was insufficient to thoroughly evaluate the teratogenic risk due to 
abortion/embryofetal loss at higher doses. In mice, there were no ampreilast-
induced malformations up to exposures -times the MRHD. The incidences of 
malformations and pregnancy loss in human pregnancies have not been 
established for TRADE NAME. However, all pregnancies, regardless of drug 
exposure, have a background rate of 2 to 4% for major malformations, and 15 to 
20% for pregnancy loss. TRADE NAME should be used during pregnancy only if 
the potential benefit justifies the potential risk to the fetus.

Clinical Considerations
Labor or delivery

The effects of TRADENAME on labor and delivery in pregnant women are 
unknown.  In mice, premature delivery and dystocia were noted at doses 
corresponding to  times the MRHD (on an AUC basis at doses ≥ 80 
mg/kg/day) of apremilast.

Animal Data
Monkey embryofetal development: In an embryofetal developmental study, 
cynomolgus monkeys were administered apremilast at doses of 20, 50, 200, or 
1000 mg/kg/day during the period of organogenesis (gestation days 20 through 
50). There was a dose-related increase in spontaneous abortions, with most 
abortions occurring during weeks 3 to 4 of dosing during the first trimester, at 
doses approximately 2.1 times the MRHD and greater (on an AUC basis at 
doses ≥ 50 mg/kg/day). No abortifacent effects were observed at a dose 
approximately 1.4 times the MRHD (on an AUC basis at a dose of 20 
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mg/kg/day). Although there was no evidence for a teratogenic effect at 20 
mg/kg/day, there were insufficient numbers of fetal monkeys to adequately 
address teratogenic risk at doses approximately 4.5 times the MRHD and greater 
(on an AUC basis at doses ≥50 mg/kg/day). 

Mouse embryofetal development: In an embryofetal study, apremilast was 
administered at dosages of 250, 500, or 750 mg/kg/day to dams during 
organogenesis (gestation day 6 through 15). In a combined fertility and 
embryofetal development study, apremilast was administered at dosages of 10, 
20, 40 or 80 mg/kg/day starting 15 days before cohabitation and continuing 
through gestation day 15. No teratogenic findings attributed to apremilast were 
observed in either study; however, there was an increase in postimplantation loss 
at doses corresponding to a systemic exposure of times the MRHD (≥20 
mg/kg/day). At doses of ≥20 mg/kg/day skeletal variations included incomplete 
ossification sites of tarsals, skull, sternebra, and vertebrae.  No effects were 
observed at a dose approximately -times the MRHD (10 mg/kg/day).

Mouse pre- and postnatal development: In a pre- and post-natal study in mice, 
apremilast was administered to pregnant female mice at doses of 10, 80, or 300 
mg/kg/day from day 6 of gestation through day 20 of lactation, with weaning at 
day 21. Premature delivery, dystocia, reduced viability, and reduced birth weights 
occurred at doses corresponding to -times the MRHD (on an AUC basis at 
doses ≥80 mg/kg/day). No adverse effects occurred at a dose -times the 
MRHD (10 mg/kg/day). There was no evidence for functional impairment of 
physical development, behavior, learning ability, immune competence, or fertility 
in the offspring at doses up to approximately -times the MRHD (up to 300 
mg/kg/day).

Sponsor's proposed label

Reviewer's Recommendation

The following label changes include the recommendations by the Maternal Health Team
as well as CFR language. Studies in lactating mice provided data that CC-10004 
(apremilast) was detectable in mouse milk after oral administration to dams.

It is not known whether TRADENAME or its metabolites are present in human 
milk; however, apremilast was detected in milk of lactating mice. The 
developmental and health benefits of human milk feeding should be considered 
along with the mother’s clinical need for TRADENAME and any potential adverse 
effects on the human milk-fed child from the drug or from the underlying maternal 
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Reviewer's Recommendation

The label for the carcinogenesis information was expanded slighly and included 
exposure margins based on the mouse and rat 2-year bioassay studies.

Long-term studies were conducted in mice and rats with apremilast to evaluate 
its carcinogenic potential. No evidence of apremilast-induced tumors were
observed in mice at oral doses up to -times the MRHD on an AUC basis 
(1000 mg/kg/day) or in rats at oral doses up to approximately 0.08- and 1.1-times
the MRHD in males and females, respectively (3 mg/kg/day in females and 20 
mg/kg/day in males).

Sponsor's proposed label

Reviewer's Recommendation

Suggested edits to mutagenesis language were considered minor in nature and were 
made to ensure conformity with current mutagenesis labeling practices.

Apremilast tested negative in the Ames assay, in vitro chromosome aberration 
assay of human peripheral blood lymphocytes, and the in vivo mouse 
micronucleus assay.

Sponsor's proposed label
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Reviewer's Recommendation

The fertility section was modified to more clearly state the findings.and exposure 
margins.

Impairment of Fertility:  In a fertility study of male mice, apremilast at oral 
dosages up to approximately 3-times the MRHD based AUC (up to 50 
mg/kg/day) produced no effects on male fertility.

In a fertility study of female mice, apremilast was administered at oral dosages of 
10, 20, 40, and 80 mg/kg/day. At dosages -times the MRHD (20 mg/kg/day), 
estrous cycles were prolonged and time to mating was increased. There was no 
effect of apremilast at approximately times the MRHD (10 mg/kg/day).
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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 205437. 
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NDA 205437                                       Reviewer:  L.S. Leshin 
 

1 Executive Summary 

1.1 Introduction 
This document is an Addendum to the Pharmacology-Toxicology review of NDA 205437 
submitted Nov 20, 2013. Appendices 2 - 15 are contained with this document. 
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908 

NDA Number: 205437 Applicant: Celgene Stamp Date: March 21 2013 

Drug Name: Apremilast  NDA Type:  505(b)(1)  

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

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

 
2 

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

X  

 
 

 
3 

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

X  

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

X  

 
 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

X  

 
oral gavage administration of drug 
substance formulated differently than the 
marketed tablet 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

X  

 
 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

X  

 

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

X  
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Content Parameter 

 
Yes

 
No

 
Comment 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

X  

 
expressed as   
 
will need to be rewritten, defer till labeling 
sessions, since substantial changes are often 
made after studies are reviewed 

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

X  
 a major impurity and which is also a 

metabolite were qualified 

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

 
not applicable 
 

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

  

 
not applicable 
 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes_____ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
No review issues were identified at this time. 
 
 
 
 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 
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