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Fenofibric acid is the active ingredient in marketed fenofibrate (Tricor NDAs 19-304/21-203/21-656).
Fenofibrate is converted to its active form following enzymatic conversion in the intestine and single pass
metabolism through the hepatic circulation. Similarly, the choline salt of fenofibric acid undergoes
chemical disassociation in the gastrointestinal tract to form fenofibric acid. Abbott Laboratories is the
sponsor of this NDA as well as those for Tricor. Based on their prior extensive experience with Tricor
(fenofibrate), Abbott has conducted 5-week toxicity studies in rat with fenofibric acid and fenofibrate as
well as 3-month toxicity studies with fenofibric acid in rats and dogs to support this NDA 22-224 for
fenofibric acid. These studies have been reviewed in the Pharmacology/Toxicology Review of NDA 22-
224 for Trilipix dated 8/28/08 which recommended approval without requiring further preclinical studies.
Following this review, the medical team expressed concern about hepatotoxicity from the animal studies
based on a clinical signal for elevated transaminases (>3X ULN) with trilipix.

Plasma exposure to fenofibric acid in both 13-week rat and dog toxicity studies are equal or higher than
those described after chronic dosing with fenofibrate in rat (78-week) or dog (52 week) studies. The
demonstration of active ingredient exposure at levels equivalent to the listed product have provided a
sufficient bridge for many 505(b)2 NDA applications, allowing reliance on the Agency’s previous decision
of safety.
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organs of toxicity were: liver (all doses), skeletal muscle (at HD), thymus (HD), pituitary gland vacuolation
in males (all doses) and kidney in females (HD). The liver and pituitary gland findings were noted in rats
at <3X human exposure based on the 135 mg fenofibric acid clinical dose (AUC=183 ug h/ml). All the
remaining target organ toxicities in rat (skeletal muscle, thymus, kidneys) are observed at higher exposure
multiples of 15-60 times maximum therapeutic exposure.

Muitifocal coagulative necrosis appears in male rats given >10 mg/kg/day fenofibric acid (not dose related)
and a single incidence in females at 30 mg/kg/day. Liver hypertrophy is observed at 210 mg/kg/day and is
consistent with peroxisome proliferation and the observed increase in absolute liver weight (42-179%).
Peroxisome proliferation indicated by electron microscopy occurred as early as 2 weeks post-dose with 200
mg/kg/day fenofibrate (Toxicology 41:169-191, 1986). Body weight decreased at 100 mg/kg/day in both
sexes by 14%. ALT/AST elevations of ~2X occur at doses 230 mg/kg/day and are not significantly .
different from control at 10 mg/kg/day. The NOAEL for the study was <10 mg/kg/day.
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The sponsor provided 5-week bridging studies in rats with fenofibric acid (not cheline salt) and fenofibrate
to NDA 22-224. These studies were independent studies conducted using different doses. Exposure to
fenofibric acid given at 150 mg/kg/day results in an AUC=14213-20237 ug h/ml which is equivalent to rats
treated with fenofibrate at 300 mg/kg/day (AUC=15275-19333 pug lvml ) based on a comparison of
exposure 1o the active moiety (fenofibric acid). A similar comparison with the hepatic histopathology from
these studies suggests a slightly higher incidence of single cell necrosis (males, females) and the
appearance of multifocal coagulative necrosis in 2/10 males at 150 mg/kg/day fenofibric acid compared to
8/10 males having single cell necrosis with 300 mg/kg/day fenofibrate after § weeks despite comparable
exposures of fenofibric acid in plasma (see sponsor Table 1 below). A comparison of the 5 week
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Table 1. Animal Toxicology Data From Five- and Thirteen-Week Studies
AUC
Study (tgeh/ml) | ALT(U/L) | AST(WL) | Liver weight
(emg/kg/day) Range Mean, M/F | Mean, M/F | (M/F;ing) | Histopathology
S-week fewolibrate rat (R&DAYE24)
Control NA 28731 91/96 129769 CN,£ IM/IF
100 28504823 34/23 93176 266/121 | CON,mf aMNF
SCN: 3IM
300 1527419333 | 57738 300/192 | 279/130 SCN: 8M
5-week fenofibric acid rat (RAD/0X/823)
Coutrol NA 24721 8/73 122/17.1 .
10 370-625 27138 75/83 | 187/92 CN,mf IM
30 15143506 | - 34/21 88767 2417114 CN, mf: IM
7 8788-10791 42126 124/104 | 261/132 CN, mf: 3M
SCN: 4aM
150 14213-20237 | 67/38 | 238/192 | 27.0/136 CN, mf: 2M
SCN: 10M2F
13-week fenofibrie acid rat (RAD/S/344) ‘
Control NA 32/37 | 125/108 | 1438778 -
10 | $2153%0 43729 | 109/85 | 235/114 CN: IM/IF
30 2586-3209 69139 146/91 31.6/ 144 CN: 4M
100 12021-12194 | 56/38 176/146 | 3507167 CN: IM
13-week fenafibeie acid dog (RAD/ISAS9)
Control NA ~ 33/30 30/21 347/288 -
23 21 | Wi | /e 340/315 | HD,E IM
50 833-1098 | 82/59 43/44 269729 SCN: IM
100 1887-2565 /33 49/36 | 395/254 SCN: IF
Human .
$mg | 11| | 1
f= focal; mf = multifocal; CN = Coagulative necrosi =S = HD =
r Coagnl necrosis; SCN = Single cell necrosis; HD = Hepatocellular
* includes one animal with ALT value of 944 UL

The sponsor concludes that the toxicology findings with fenofibric acid are consistent with those observed
from chronic dosing with fenofibrate. The findings are qualitatively similar as would be expected since the
active component is the same (¢.g. fenofibric acid). Differences in the actual incidence and description of
the liver findings differ across these independent studies. None of the studies have been performed
m&mﬁbdcacidmdfawﬁbmtehmmsudyhuﬁmﬂs. ‘A T8-week Wistar rat dietary
toxicity study was performed by Abbott with dosing equivalents of 13, 60, 200 mg/kg/day fenofibrate. Rat
histopathology incidences are not provided or available from prior reviews. The NOAEL for liver changes
was considered 13 mg/kg/day (~2X human exposure to fenofibric acid), which is consistent with findings
with fenofibrate in longer duration studies (sece NDA 19-304).



In the 3-month dog toxicity study the target organ toxicities were: liver, thymus, stomach, skeletal muscle
(MD/HD); ovaries/testes (all doses) and heart (HD). The ovarian/testicular findings occurred at human
therapeutic exposures, but were partially reversible following a 6 week recovery period. The other findings
occurred at higher exposures; 5-14 times maximum therapeutic exposure. The NOAEL for this study was
<25 mg/kg/day. The liver findings consist of single cell necrosis and and/or minimal to mild mixed
inflammatory cell infiltrates. Minimal single cell necrosis of hepatocytes was identified in 1/10 males at
50 mg/kg/day and in 1/10 females at 100 mg/kg/day. The histopathology table in the
pharmacology/toxicology study combines the incidence of single cell necrosis with those of mixed
inflammatory cell infiltration. Approximately 2-fold increases in ALT and AST were observed at >50
mg/kg/day (5-10 fold maximum therapeutic exposure). Liver weights were unchanged in dog, consistent
with reduced peroxisome proliferation compared to the rat.

3-Month Dog Fenofibric Acid Dose , ' v
Hxstopdhology 0 mg/kg/day 25 mg/kg/day | 50 , 100 mg/kg/day |
M F M F M F M F

szet smgle cell 0 0 0 0 2/4 1/4 3/4 14

necrosis& mixed

inflamm. cell

Heart infiltration ' ' ‘ 74

of mononuclear

cells

Tricuspid value 1/4
h .

Skeletal muscle ' Ya 1/4

Infiltration of

1/4

24 , 3/4 | 3/4
% 274 274 Y % 74 34
2| 7 34
T 7 ME
12 36 . 10-14.

6 WK. RECOVERY | Fenofibric Acid Dose following 6 WK. RECOVERY

% | Omg/kg/day |2

Ex 30 mg/ 00 mg/kg/da

% ; M F M __|F M F M F
% b7 V7]

hepatoceliular _
Heart infiltration of oo % A Y% 11 %
mononuclear cells,
MW«
| hyperplasia




?kéleul muscle
infiltration of
mononucl«r cells

12

1

Tongue infiltration of
inflamm/mononuclear
| cells

%

12

12

A 13-week dog toxicity study was not performed with fenofibrate in this or prior NDAs. Chronic dosing
with fenofibrate in a 52-week dog toxicity study reveals increases in ALT and signs of hepatic peroxisome
proliferation at 1167-1470 pg h/ml comparable to the exposures in dog with fenofibric acid at 50 and 100
mg/kg/day. This suggests that the development of liver findings is not time-related, rather it appears to be
related to exposure. Liver histopathology findings related to fenofibrate treatment in the 52-week dog
study consists of minimal monocytes infiltration in 2/3 males (1/3 controls ) and 1/3 males with minimal

brown pigmentation of Kupffer cells given 400 mg/kg/day (6-8 X human AUC to fenofibric acid).

Minimal to slight brown pigmentation of Kupffer cells is also seen in 3/3 females given 400 mg/kg/day.
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NDA 19-304 identifies target organ toxicity in liver, pancreas, kidney and to a lesser extent testicular
interstitial tissue and provides additional insight into the hepatotoxicity findings with longer duration
fenofibrate dosing. Hepatomegaly is present in animals given > 30 mg/kg/day. Liver enzyme elevations
wese observed consistent with other fibrates. The NOEL of 10 mg/kg/day for liver toxicity and hepatic
carcinoma is noted. This dose was approximately 1.5-times the approved human clinical Tricor dose and is
consistent with the NOAEL observed in the rat. The hepatic findings following repeat dosing in several
species are summarized in the table below.

Appears This Way
On Originail



| Duration of testing/species Fenofibrate Dose (mg/kg/day) |
3 Month Rat (Wistar) 50 1 liver weight
. 250 1 liver enzymes - )
500 No significant histopathology
80 Week Mice (Swiss) 10 1 liver weight
45 1 liver weight .
200 1 liver weight
Hepatomegaly, cholethiasis
22 Month Mice (Swiss) 50 1 liver weight
Cholelithiasis
Degenerative changes in
hepatocytes
No tumors
24 Month Dog 25 Cholelithiasis
‘ ” : No hepatomegaly
52 Week Monkey (Rhesus) 12 No treatment related peroxisome
v’ 50 ' proliferation
200 No gross lesions
2 Year Rat (Wistar) . 10 NOAEL '
) ’ 45 Bile stasis
— 200 v v Liver cell carcinoma & adenoma
104 Woek Mice €y 10 1 transaminases M>F
- 60 1 transaminases M>F
. 1 liver weight M>F _
200 -1 transaminases M>F
1 liver weight M>F
Nodular structure/dysplasia
Hepatocyte hypertrophy
Kupffer cell pigmentation
1 liver tumors

Plasma exposure to fenofibric acid in both rat and dog toxicity studies are equal or higher than those
described after chronic dosing with fenofibrate in rat (78-week) or dog (52 week) studies. The
demonstration of active ingredient exposure at levels equivalent to the listed product have allowed a
sufficient bridge for many 505(b)2 NDA applications, allowing for reliance on the Agency’s previous
decision of safety. Furthermore, hepatic findings in animals given fenofibrate are equivalent with hepatic
findings observed with fenofibric acid. Fenofibwate is a currently marketed product, despite the liver
findings observed in various animals at relatively low exposure multiples of the therapeutic dose. There is
a reasonable correlation between increases in liver enzymes and the histopathological correlates in animals.
Many of the rat hepatic findings are attributed to the increased peroxisome proliferative response mediated
by the established PPARa activity of fibrates. While peroxisome proliferation is seen in several species
including dog, primates and humans, it does not occur to the same extent as in rodents. Clinical monitoring
of liver enzymes has been 3 standard safety measurement for marketed fibrates for many years. The
nonclinical studies provided in NDA 22-224 as welil as Abbott’s response from 9/26/08 to DMEP’s request
for information on fenofibric acid have provided an adequate bridge to the prior approved Abbott Tricor
NDAs 19-304/21-203/21-656. The nonclinical hepatotoxicity findings are qualitatively similar across
studies with fenofibric acid and fenofibrate.
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1. Recommendations .

A.

C.

Recommendation on approvability
Pharmacology recommends approval of fenofibric acid for the proposed
indication.

. Recommendation for Nonclinical Studies:

The previous studies conducted with fenofibrate Tricor under NDA 19-304/21-
203 and NDA 21-856 (approved on 11/5/2004) are adequate to support the
current drug product. In addition, Abbott has conducted a 5-week bridging
pahhbilitysmdyinmswithfenoﬂbm:ndfenoﬂbﬁcaeidasweﬂass-monm
mxicnystudbsvﬁmfenoﬁbﬁcacidchomwinmanddogsundoﬂm
70,345, which are also provided in the current NDA 22-224. No further pre-
clinical studies are required

Recommendation on Labeling: see the labeling section on page 32-33.

Il. Summary of Nonclinical Findings:

A. Brief Review of Nonclinical studies

Fenofibric acid is the active ingredient in the currently marketed fenofibrate Tricor
(Abbau),memhmbmwmdbswmawm&nmmhmadeqmb
support the fenofibric acid choline salt. However, the current sponsor (Abbott
labmamries)hasooudumds-wukbﬁdginymmm.andsmnmmdcﬂy
studies with fenofibric acid choline salit in rats and dogs. in a five-week bridging
study in rats with fenofibric acid (0, 10, 30, 75, 130 mg/kg/day, not a choline
salt) vs fenofibrate (0, 100, 300 mg/kg/day), the TK of fenofibrate at 300
mg/kg/day in this study (AUC exposures were 15.3-19.3 mg.h/mi) was roughly
equivalent to fenofibric acid 150 mg/kg/day in a 5-week study (AUC exposures
14.2-20.2 mg.h/ml). Both Fenofibrate (100-300 mg/kg/day) and fenofibric acid
(75-150mglkglday)ingonemlprodu«dshnihrdomsinBWs.food
comumpﬁonandchangoshhomwbghl(mdhhodoellmms,a.g.
deeremsinhemmn,mdimaminRDMandduﬁwdmmisw
parameters (ALTIASTALPmincrmdbyuptozfoldinmhs). Target
organs of toxicity with both fenofibrate (100-300 mg/kg/day) and fenofibric acid
(75-150 mg/kg/day) were liver (centrilobular hypertrophy), skeletal muscile
(myofiber degeneration), and heart (lesions with myofiber degeneration).
Onlydiﬁomneosbetmnﬂ‘losohmm&ngmuﬁndingsinmestomaeh(md
fociinﬂnghnduhrmucoulessm1mmm)whiuhmmwﬂh
funoﬁbricacid(inﬂZOandmomaTa&150mgfkgldaymnecﬁveiy).butnot
with fenofibrate. Anocther comparative 14-day toxicity study of fenofibric acid
(LF 01-0153) and fenofibrate (LF 01-0178) conducted in female SD rats (at0,
1m,300.500m91kgldaym0.5%moﬂwwmsobyamImgo)inm
suggested higher toxicity with fenofibric acid than with fenofibrate. Note that in
mm1mm,mmmmmmmmmM‘mm
hmfbrahmdfenoﬁbrkaddhommodmofmwuayhm.mm
wam”mhmzmmmummmmmamm
mdyadosesuﬁhmmglkglday,whichmuldsmmﬂmahd’mcmof
fenofibric acid is better tolerated for Gl toxicity.
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In a 3-month oral toxicity study of fenofibric acid choline salt in rats (0, 10,
30, 100 mg/kg/day), the mean AUC values of fenofibric acid in combined sexes
on day 86 were higher (530, 2898, 12108 ug.mi at 10, 30, 100
respectively) than on day 0 (337, 1533, 5240 ug.h/mi respectively). A high dose
(HD) produced alopecia and/or thin hair in forelegs/forepaws, and red stained
muzzle (10/20 vs 0/20 in controls). High dose decreased BW (by up to 14% in
both sexes), and BW gains (by up to 86%). A 30-100 mg/kg/day dose produced
changes in hematological (decreases in hematocrit, and increases in
reticulocytes and platelets), and clinical chemistry parameters (ALT and AST
increased by 2 fold at mid and high doses, ALP and serum albumin levels were
increased at all doses). Fenofibric acid produced increases in organ weights,
such as heart (21-46%), kidneys (up to 17%), and liver (by 42-179%) at all
doses. Target organs of toxicity were liver (centrilobular hypertrophy of mild to
moderate severity in 0/20, 6/20, 20/20, 19/20 at 0, 10, 30, 100 mg/kg/day
respectively), skeletal muscle (at a HD in soleus muscle 20/20 vs 0/20 in
controls, and in gastrocnemius muscle 20/20 vs vs 0/20 in controls, with minimal
to moderate severity), pituitary gland in males (4/10, 6/10, 8/10, 10/10 )
respectively), kidneys in females (mineralization at a HD 6/10 vs 3/10 in controls)
and thymus in both sexes (hemorrhage at a HD 4/20 vs 9/20). No drug free
recovery period was assessed in this rat study. The AUC exposures following
multiple dosing of 135 mg of fenofibric acid in humans are 183 pg.h/ml. Since
liver findings were noted at all doses and heart and skeletal findings were noted
at MD/HD (with higher incidences), the NOAEL or tolerated dose of the drug in a
3-month oral toxicity study in rats is <10 mg/kg/day, which provides safety margin
of <3-fold in rats to humans (fenofibric acid AUC values in rats at 10 mg/kg/day
=530/183 pg.hmi= <3X). Thus, liver toxicity was noted at <3X the human
exposures, while the heart and muscle toxicity was noted in rats at approximately
15X and 60X the human exposures respectively. _

In a 3-month oral toxicity study of fenofibric acid choline sait in dogs (0, 25,
50, 100 mg/kg/day), followed by a 6-week drug free recovery period, the mean
AUC values in combined sexes on day 84 were higher at MD/HD (247, 965, 2226
ug.h/mi at 25, 50, 100 mg/kg/day respectively) than on day 0 (males 298, 657,
1865 ug.hmi respectively). A HD produced increased incidences of Gl findings
(emesis, abnormal stools) which correlated with decreases in BWs. One high
dose (HD) male was euthanized due to decreases in BWS (by 30%) and Gi
findings. A mid and high dose decreased body weights (BWs) by up to 10-26%
in both sexes. During the drug free recovery period, the BWs were still lower in
HD males (by 20%). A 50-100 mg/kg/day dose produced changes in
hematological (decreases in hematocrit, RBC, and hemoglobin and increases in
APTT), and clinical chemistry parameters (ALT and AST were increased).
Waights of ovaries (2.2, 1.0, 0.95, 0.81 g at 0, 25, 50, 100

respectively, decreased by 55-63%), and testis (14.1, 13.5, 13.3, 13.1¢g
respectively, by up to 7%) were decreased at all doses. Relative heart weights
were significantly increased during treatment (by up to 26%) but not during
recovery period. Target organs of toxicity were liver (cell necrosis and/or mixed
inflammatory cell infiltrates in 0/8, 0/8, 3/8, 4/8 dogs respectively), ovaries
(immature in 0/4, %, 2/4, 2/4 dogs respectively), testis (tubular vacuolation and
hypo-spermatogenesis in 0/4, 2/4, %, % raspectively), thymus (lymphoid atrophy
(3/8, 2/8, 6/8, 4/8 raspectively) and stomach (atrophy 2/8, 0/8, 3/8, 4/8 -
respectively). Additionally a HD produced toxicity in the heart (mononuclear cell
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infiltration and focal tricuspid valve in 3/8 vs 0/8 in controls) and skeletal muscle
(in males mononuclear cell infiltration in % dogs at MD/HD vs 0/4 in controls).
Stomach toxicity was also noted at MD/HD (mucosal or lymphoid atrophy in 2/8,
0/8, 3/8, 4/8 dogs respectively). During recovery, no toxicity was noted in the
stomach, testis and ovaries in dogs, but was still present in the heart (infiltration
of mononuclear celis or hypertrophy, or hyperplasia in males: 0/2, %, %, %
respectively; females: 0/2, %4, %, % respectively) and liver (in females diffuse
vacuolation in 0/2, 1/2, 2/2, % respectively). The sponsor states that the
mucosal atrophy, epithelial cell generation and chronic inflammation (consistent
with healed ulcer or erosion) in % males, and focally extensive pyloric ulcer in 1/4
females at a HD are related to the drug, and so are the findings in the liver and
thymus. The NOAEL or tolerated dose of fenofibric acid in a 3-month oral
toxicity study in dogs is not identified as all doses produced findings in testis and
ovaries. The safety margins at the lowest dose of 25 mg/kg/day was non-
existent in dogs to humans (mean fenofibric acid AUC values in M+F dogs at 25
mg/kg/day =247/183 ug.h/mi= ~1X), based on AUC exposures. Nota that the
liver, stomach, heart and thymus toxicity was noted in dogs at 5-12X the human
exposures. The histopathology findings in testis and ovaries in the dog were
observed at equivalent of the human therapeutic doses (based on exposures),
but these were reversible after 6-weeks of the drug free recovery period. Thus,
_there is a sufficient safety margin for the heart, stomach, and muscle toxicity in
rats and dogs. .

Note that during the 6-week drug free recovery period, the toxicity in the heart
(infiltration of mononuclear cells or hypertrophy, or hyperplasia (in both males +
females in 0/4, 2/4, 2/4, 2/3 at 0, 25, 50, 100 mg/kg/day respectively) and in the
liver (in females diffuse vacuolation in 0/2, 1/2, 2/2, % respectively) was still
present, and was observed at equivalent of human therapeutic doses (based on
exposures), but the number of animals in the recovery group is small, so it is not
clear if these are a cause for concem.

Thus in a 3-month rat study, the target organs of toxicity were liver (all doses),
skeletal muscle (at a HD), thymus (at a HD), pituitary gland in males (all doses),
and kidneys is females (at a HD). Note that the liver and pituitary gland toxicity
was noted in rats at <3-times the human doses, based on exposures. However,
all other toxicities in rats (skeletal muscle, thymus, kidneys) are noted at 15 to
60X the human exposures.

In a 3-month dog study, the target organs of toxicity were liver (MD/HD),
ovaries/testis (all doses), thymus/stomach/skeletal muscie (MD/HD), and heart
(at a HD). Again, toxicity in ovaries/testis was noted in dogs at equivalent of
human therapeutic doses, but these were at least partially reversible after the 6-
week of drug free recovery period. The thymus/stomach/skeletal muscle and
heart toxicities were abserved in dogs at 5-12 X the human exposures.

Note that liver toxicity can be monitored in humans with liver enzymes and
pituitary toxicity (vacuclation) was of minimal severity and appears in males only
and not in females. There is also a clinical experience with the approved
fenofibrate in humans with no major AEs (NDA21-203/NDA 19-304/NDA 21-656).
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B. Pharmacologic activity

Fenofibric acid like other fenofibrates, is a fibric acid derivative. It increases
lipolysis and elimination of triglyceride rich particles from plasma by activating
lipoprotein lipase.

C. Nonclinical safety issues relevant to clinical use
There are no new nonclinical safety issues relevant to the clinical use of
fenofibric acid choline salt.

Appears This Way
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

NDA number: NDA 22-224
Review Number: 1

Sequence number/date/type of submission: December 7, 2007 (original application) it
is a 505(b)(2) application submitted in an electronic format (e-CTD). The prior
fenofibrate application (NDA 21-856) by Abbott was approved on 11/5/04.

Information to sponsor: Yes ( ) No (X)
Sponsor: Abbott Laboratories, Pharmaceuticals Products Div., Abbott Park, illinois.

Manufacturer for drug substance: The drug product will be manufactured by Abbott
Laboratories Barcelonata, Spain, and at Fournier Laboratories Ireland Limited, ireland.

Reviewer name: indra Antonipillai, Ph.D. Pharmacology Reviewer.
Division: Division of Metabolism and Endocrinology Products (DMEP).
Review completion date: 8/11/2008

Drug:
Trade name: TriLipix, it is available in 48 and 135 mg modified release capsule

Generic name (list alphabetically): The choline sait of fenofibric acid.
Code name: A770335.115 (fenofibric acid choline salt), it is also called ABT-335.

Chemical name: 2-(4-(4-clorobenzoyl)phenoxy)-2-methyl-propanocic acid,(2-
hydroxyethyl)trimethylammonium salit.

CAS registry number: For fenofibric acid is not provided (but for fenofibrate is
49562-28-9)

. Molecular formula/molecular weight of fenofibric acid choline sait:
Cz2H2sCINOs /421.91

Structures of fenofibric acid and its choline sait are shown below

Appears This Way
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The chemical stracturs of A-770335.0 (fencfiteic acid) is shows below.

AT T on

The chemical siructuge of A-770335.115 (fenofibric scid chelioe sakt) is shows below.

(T UX e

Relevant INDs/NDAs/DMFs: NDA 21-856 (Tricor, fenofibrate tablets from Abbott,

approved 11/5/04), NDAs 19-304/21-203 (Tricor, fenofibrate capsules and tablets, also

from Abbott), IND 70,345 (fenofibric acid choline salt), DMF ———————— b(4)
DMF numbers 20895, 20896 (choline fenofibrate drug substance and drug product).

Drug class: Fenofibric acid, a phenoxyisobutyric acid isopropranolol ester.

Clinical formulation:

Choline fenofibrate capsules consist of a discrete number of coated mini-tablets in hard
Gelatin capsules. There are two different drug product dosage strengths,135 mg or 45
mg (free acid equivalent). The dosage forms differ only in the number of mini-tablets in
the capsule and the capsule color, size, and markings. The 135 mg capsule containe~——
minmbhhinsh—-'whmsmoﬁmcapaubcom*mim-tabhuma
Each mini-tablat consists of

The tablets are coated with an enteric

coating polymer

- C e -

Thus, the manufacturing process for choline fenofibrate capsules consists of —— b
manufacturing steps: (4)

I—
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Table. Composition of choline fenofibrate 135 mg strength capsule containing the
active drug and following inactive ingredients is shown below:

Table 1. Composition of Choline Fenofibrate 135 mg Capsule
| Compenent | QualityStamdard |  Fusction | Amountiamit
Mini-tablet Cores .
Choline Fenofibrate Mini- Tablets | DMF® | DrugProdsct | ——ini-tablets
| o . N .
Capsule, Gelatin™ —————— _— © Al 1capsule®
D — :
Body: {
————Jellow Iron Oxide NF
Titanium Dioxide UsP
Gelatin USP
FD&C Blue #2 CFR21 :
Titanium Dioxide uUsp
Gelatin UsP
- 1 UsP o .
= 2 UsP . 2

a Composition of choline fenofibrate mini-tablet intermediate is provided in DMF "Choline Fenofibrate
Mini-Tablet Intermediate ", submitted by Abbott 4* Quarter 2007. See Letter of Authorization in
Module 1.

LI , See Letter of Authorization in Module 1.

Fenohﬁcacidhasgoodsolubﬂﬁyalmtasﬁmlpﬂ(appmxﬁmtely?mgimlmpHBG)and
Iowsoluhnlitymgasﬁcpl-i(d ug/mi in pH 1.0).

Route of administration: Oral

Proposed use: The drug is indicated to be used alone (as monotherapy), as an
adjunctive therapy to diet for the reduction of elevated LDL-cholesterol, total cholesterol,
TG, and Apo B and increase HDL-C in adult patients with primary hypercholestrolemia
or mixed dyslipidemia (Fredrickson Types lla, and Iib), the recommended dose is 135
mg once daily. It is also indicated in adult hyper-triglyceridemia patients (Fredrickson
Types IV, and V hyperlipidemia), with recommended dose of 45-135 mg once daily.
Additionally, it is indicated for combination therapy with HMG CoA reductase inhibitors
(statins) in adult patients with mixed dyslipidemia. -

Disclaimer: Tmmmmmlmmnmwsmmm
stated otherwise

Data reliance: This is a 505(b)(2) application.

Studies reviewed in this submission: Three month toxicity studies with fenofibric acid
in rats and dogs and the PLR label.

bla)

b(a)



NDA 22-224/000

2.6.1. INTRODUCTION AND DRUG HISTORY

Fenofibric acid, the active metabolite of fenofibrate, is the active ingredient in the
currently marketed Tricor tablets (NDA 21-656) in USA. The current sponsor (Abbott
Pharmaceuticals) has now developed oral formulation of choline fenofibric acid for the
treatment of dyslipidema. Fenofibrate (Tricor) is approved at doses up to 200 mg/day,
both micronized and non-micronized formulations are approved, but the micronized drug
has increased absorption. The Tricor capsules (67 & 200 mg strengths, NDA 19-304)
and Tricor tablets (54 & 160 mg strengths, NDA 21-203) have substantial food effects,
thus making its absorption still variable/incomplete and dependent on food. The
micronized 67 i», — ", is equivalent to 100 mg of the conventional form.
As per labeling, recommended doses of Tricor capsules are up to 200 mg/day, and of
tablets are up to 160 mg/day. Fenofibrate produces beneficial effects on serum total
cholesterol, LDL, and HDL via peroxisome proliferator-activated receptor alpha (PPAR
a) activation. Through this mechanism fenofibrate increases lipolysis and eliminates TG
rich particles from plasma by activating lipoprotein lipase and reduces production of apo
C-1li (an inhibitor of lipoprotein lipase activity). Fenofibrate is an ester that is converted
by esterases to its active circulating form of fenofibric acid, which is the active ingredient
in currently marketed TriCor tablets. Fenofibrate is insoluble in water which limits its
absorption and contributes to the significant food effect. Therefore different complex
hmuiaﬁonshﬂvebeendwebpedtoenhmimsomblnyandabsomﬁontowemme
these problems.

Trilipix (ABT-335 or A77033.115) is a member of the fibric acid class of lipid-altering
agents that acts via activation of peroxisome proliferator activated receptor alpha

(PPAR a). Fenoﬁbﬁcaddhashighersoiubﬂﬂyatahﬁopﬂandhigh«p«meabﬂﬂy,it
hawwmmmmagmmmmmrmmam
thordbrethesponsorisnowdmlophgfonoﬂbficacidchoﬁmsanasadmgforme
WMoIWsﬁpmmaamnoﬂwmpyandembinaﬁonwm\mﬁnbrpaﬁonu
with mixed dyslipidemia. Pharmacology/toxicity of fenofibric acid is expected to be
sithofenoﬁbrateinratsanddoga.Theon!ydmeuneumaybeatm
gutmmmna!bvdduebdimdexposumtoslmmduﬂommofabsomﬁon
of the acid.

2.6.2 PHARMACOLOGY

mmmmmwmmmmmmmmm. The
majoreﬁectofﬂndmgistoenhmﬁglyaﬁdoﬁehﬁpoprmmw
increasing lipoprotein lipase activity. It inhibits fatty acid synthesis and stimulates
mitochondrial oxidation of fatty acids in rat liver. In addition the drug decreases
cmmmwnﬁnﬂsmnhmyinmmmthmmwmdLm
receptor activity. lnaddiﬁonfenoﬁbm&nprwummmaymdmmmu-
glucose homeostatasis.

10
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lnvm*omhumanhepabcytemlhmsandmvivomn'ansgenicmiea fenofibrate activates
proxisome proliferator receptor a (PPAR ). It is believed that by this mechanism the
drug increases lipolysis and elimination of TG rich particles from plasma by activating
lipoprotein lipase and reducing production ofapoprolem C-llt (an inhibitor of lipoprotein

lipase activity).

hmmhMWMMMMd&GdWM
fenofibeic acid seen in the clinic could be explained via the activation of the specific
transcription factor PPARo. PPARa conirals the transcription of many geses involved
in the regulation of fatty acids and cholesterol. These include genes that stimmiate
axidation of fatty acids, increase lipase activity and are involved in the catabolism of
trigiycesides and cholesterol. Fenofibrate also mediates ifs effects through non-lipid
mechanisms including a reduction of inflammation and alieration of lipid metabolism in
the aortic vasculatare. As 2 result of these varied effiects, fenofibric acid significantly
decreases dyslipidemia and the associated risk of candiovascular disease 2s well 25
assisting in the normalization of dystipidemia.

mmmmmuumamummamw
microsomal enzymes. In the presence of human liver microsomes, the convession was
sapid and complete, suggesting that fenofibeate is likely converted to fenofibric acid in
the intestine and via a single pass through the kver afier oral admmistration  ABT-335 is
chemically disassociated to form the free acid in the gastrointestinal tract. Therefore, the
metabolic pathway of fenofibric acid determined in kumans following *C-fenofibrate
administration is applicable to ABT-335. The proposed metabolic pathway is illustrated
mFigure 1.

Appears-This Way
On Original
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Figure 1. Proposed Metabolic Pttllway for Fenoﬂbm and Fenofibric Acid
in Hamans
8—% ;:}O"W-*-\_m
Choline Sat of Fanofibrie Acid
(A-770338.115)
vb-qr‘ ?

i
LT TN
gon @O

acld [ .
Giucuronide of benzivdrol fenclibric acid

In physiologically normal rats fasted for 16 or 24 hours, administration of 5-300 mg/kg
fenofibrate significantly lowered total lipids in a dose-dependent manner at all
doses 2 20 mg/kg.'? The effect plateaned at doses of 100 mg/kg or higher. Similarly,
depression of blood cholesterol in these rats was significant at doses 2 20 mg/kg with
maximal effect obtained at 300 mg/kg. The decrease in cholesterol induced by treatment
withfenoﬁbmewassimihrtothﬂobs«vedwithchﬁbmumbkdom
although clofibrate did not demonstrate similar lipid lowering at these doses."?

Fenofibrate lowered plasma lipids in a high-fat, fructose-enriched dyslipidemia/diabetic
hamster model over seven days of treatment (361 mg/kg/day).’® Plasma triglycerides and
cholesterol decreased by 30% and 76%, respectively. The activity of lipoprotein lipase in
liver, adipose tissue and small intestine was up-regulated. Fenofibrate treatment
improved insulin secretion by 81%, which was likely responsible for a fall in plasma
ghucose (33%). Fenofibrate treatment also reduced body weight and enhanced the fecal
excretion of total lipids, cholic acid and deoxycholic acid. Thus, fenofibrate induced
broad-spectrum lipid lowering along with inhibition of hepatic lipid biosynthesis, while
maintaining lipid-glucose homeostasis.

12
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It appears that animals such as rats, dogs make more reduced fenofibric acid metabolite
(RFD) or (-) isomer than humans, i.e. the enantiomeric ratio of (-/+) in animals is 95:5 vs
that in humans is 52:48. Itisnotknownlfmatpmdtmamomgastmnhsﬁnd(el)
toxicity in animals

2.6.6
Toxicology:

Since fenofibrate is a previously approved drug (NDA 19-304 as Tricor capsules, and
NDA 21-203/NDA 21-656 as Tricor tablets), toxicity studies with fenofibrate have been
reviewed under these NDAs. Majority of studies in these applications were conducted
with fenofibrate (ABT-770799 or ABT-779) rather than with fenofibric acid (ABT-770335
or ABT-335.0) at that time. However because fenofibrate is rapidly converted to
fanofibric acid (either during or immediately following absorption both in animals and
humans), the relevant pharmacology and toxicity studies of fenofibrate also apply to
fenofibric acid.

The toxicities with Tricor is briefly Qummaﬁud (reviewed under IND 70,345 in
DARRTS).

The drug produces proxisome proliferation at doses above 30 mg/kg in rats. In acute
toxicity, single doses of fenofibrate up to 5000 mg/kg did not cause mortalities in mice,
rats, hamsters. in dogs, doses up to 4000 mg/kg/day did not cause mortalities in dogs
(see Table below). Several repeat dose toxicity studies have been conducted. In repeat
dose studies (see Table below), liver and kidneys were the target organs of toxicity.
Liver toxicity was dose related in rats, but not observed in dogs or monkeys. In dogs (7-
24 month tox studies), 25-100 mg/kg/day induced weight loss associated with
cholelithiasis and some nephritis. in monkeys, doses up to 50 mg/kg/day did not

produce any toxicity.

As per label, modmgfenoﬁbrah(Tﬁcot)doesnothavaamuhgomcpommm but in 24
month rat carcinogenicity study the drug produces liver and pancreas carcinomas,
pancreatic adenomas, and benign testicular interstitial tumors (in male rats). in mice it
praduces liver carcinomas. These effects are noted at 0.3-6 times the maximum -
racommended human dose (160 mg/day).

Fenofibrate is labeled as Pregnancy Category C (see the Tricor label and the labeling

supplement with changes to carcinogenicity and pregnancy socﬁans in NDA 21-.856/S-
004 in DFS, approved on 8/10/06)

Following toxicity studies have been conducted with fenofibrate and fenofibric acid
(reviewed under IND 70,345 in DARRTS).

13
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2.6.6.2 Single dose Oral or Acute Toxicity studies:

Table 5. Singls Dose Toxicity Studies with Penofibrate snd Fenofibric Acid
Reste of

Species Admisistration Femelibrate (mp/hy) LDss (mp/hg)
Mouse PO 0, 5000 © >5000

Rat POOTIP 0, 5000 > 5000
Hamster - POl 0, 5000 > 5000

Dog PO 1000, 2000, 4000 > 4000

Rx PP 100, 300, 1000 > 1000

Fenofidrie scid (mg/ky)
Rat PO 100, 308, 1000 > 1000

The acuts taxicity of fenafibrate has beea studied in mice, rats, hamsters and dogs®” by
oral and intraperitones! administration. The compound hay a low level of acute toxicity;
1o mostality or morbidity was observed at the doses used in these studies (Table 6). In an
exploratory single dose study, administration of a 1000 mg/kg dose of fenofibeic acid,
more than 300 times the highest proposed clinical dose, produced a significant
ulcerogenic response in the rat stomach. No effects wers observed st doses up to

300 mg/kg for fenofibric acid or 1000 mg/kg for fenofiteats in the rat >

2.6.6.3 Repeat Dose Toxicity Studies:

The following studies have been conducted with fenofibrate.

Appears This Way
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smw-nrmm—mgm—m

Table 1.
== — vld)
Duration of Treatment and Location of fall ,
Species Reuts of Adminkstration ~_ Doses (mp/kp/day)  repost: Velipags
Mouse' Single dose, PO 0 and 5000 141365
Ret! Single dose, PO or IP ©0and 5000 L4370, 376
Hamster! Single dose, PO or IP 0 and 5000 14282, 388
Dog' Single dose, PO 1000, 2000 and 4000 14400
Rat (Wistar)? 78 weeks, PO 0, 13, 60 and 200 NA1
Dog (Beagle) 52 weeks, PO 0,25, 100 and 400 NA}
Monkey (Rhesus)* 52 weeks, PO 0, 12, 50 and 200 153307
. L1128
Mouse (CF1)* 80 weeks, PO 0, 10,45 and 200 L1126
Mouse (CD1)* 93 woeks, PO 0, 10, 60 and 200 mem ]
Rat (Wistar)’ 104 weeks, PO 0, 10, 4S and 200 Lin
Rat (Spragno-Dawley)* 117 weeks, PO 0, 10 and 60 INET]
Rat’ Pertility, PO 0. 15,75 and 300 1371
. Ra'? Teratogenicity, PO 0, 14, 127 and 361 Le17S
Rabbit'! Teratogeaicity, PO 0, 15, 150 and 300 LM
Rat? Pesi/postastal, PO 0, 15,75 and 300 Lm
Ames/Salmonella™ Gene mutation (in vitro) 3.7 10 366.9 pg/plate 111261
Ames/Salmonells and Gene mutation (in vie) 0.1 10 500 pgfplate 11118t
Saccharomyces™
Rat bone marrows™? Chromosome demags 0, 30 200, 1000 NA2
(in wivo) and 5000
Gusinea pig'* Maximization test vt 0.5 gnimal NA2
Rat (Wistar)"” Single dose, PO " 0, 100, 300 and 1000 NA2
Rat (Sprague-Dawley) * 2 weeks, PO 0, 100, 300 and 500 NA2
Rat (Spragve-Dawiey) 3 weeks, PO (diet) 0, 100 and 300 NA2
NA: not applicable
NAL: published report
NA2: submitted within this application
Appears This Way

On Original
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Following studies have been conducted with fenofibric acid (from the current NDA

submission, toxicity summary section 2.6.6.1)

Table 2. Studies Conducted with ABT-335 [A—-770335.0 (fenofibric acid),
A-T70335.115 (choline fenofibrate), A-770335.45 (calciam
fenofibrate))]

Duration of Treatment IND 19056 Location
and Route of of fall report:
Species Administration Deses (mg/kg/day) Vel/page
Rat (Wistar)? Single dose, PO 0, 100, 300, 1000 NA2
Rat (Sprague-Dawley)’ 2 weeks, PO (givage) 0, 100, 300, 500. NA2
Rat (Sprague-Dawley)” 2 weeks, PO (gavage) 0, 30, 100, 300 NA2
Rat (Spragne-Dawley)! 2 weeks, PO (gavage) 0, 30, 100, 300 NA2
Rat (Sprague-Dawley)” 5 weeks, PO (diet) 0, 10, 30, 75, 150 NA2
Rat (Sprague-Dawley)® 13 weeks, PO (gavage) 0, 10, 30, 100 NA2
Dog (Beagle)™ Single dose, PO (capsule) 150, 300, 600 NA2
2 weeks; PO (capsule) 0, 30, 100, 300
Dog (Beagle)®® 2 weeks, PO (capsule) 0,75, 150, 225 NA2
Dog (Beagle)™® 13 weeks, PO (capsule) 0, 10, 30, 100 NA2
Mouse lymphoma cells”  Gene nwitation (i viro)  0.05 10 0.4 mg/ml NA2
CHO cells® Sister chromatid exchange 198 to 198 pg/mL NA2
Chromosome aberration 150 to0 1200 pg/ml.
: (in vitro) ‘
UDS/rat hepatocytes ~ DNA repair (in vitro) Up t0 50.7 pg/mlL NA2
NA2 - submitted with this application
Appears This Way
On Origingl
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The following studies conducted with fenofibrate and fenofibric acid show the NOAEL
doses in various toxicity studies (from the current NDA submission, section 2.4, page

58). Sponsor states that the fenofibric acid plasma exposures following multiple 135 mg
oral daily doses of fenofibric acid in humans are 183 ug.h/ml.

Data summarized below also show that fenofibric acid exposures in both 13-week
studies are equal or even higher than those described after chronic dosing with
fenofibrate in rat (78-week) and dog (52-week) studies.

Table 14. No—Observed—Adverse-Effect-Levels (NOAEL) and Exposures
from Repeated Dose Toxicity Studies in Rat and Dog
with Fenofibrate and Fenofibric Acid
Desing with Fenefibrate Femefibric Acid
NOAEL Coax AUC
Species (mghgidsy) DesefrPK(mgkg)  (pgml)  (ngeWml)
Rat (78-week) 13 2 332 384
(diet) 80’ 161 2647
320" 304 7388
Rit (5-week) <100 100 134-226  2350-4823
(die) 300 677-842  15275-19333
Dog (52-week) 25 25 127-168  88-136
(capsules) 100 406-413  360-427
v _ 400 776-974  1161-1470
Desing with Fenofibric Acid Femeflbric Acld
NOAEL Comx AUC
Species (mghgdsy) DessfrPK(mphp  (agml) (ugeWml)
Rat (2-week) <100 100 509 9386
(gavage) 300 675 14312
500 757 16678
Rat (2-week) <30 30 132 213
(choline/calcium salt) 100 7] 9346
300 666 13811
Rat (5-week) 10 10 21-28 370- 625
(diet) 30 84-164 15143506
. s 409-472  8788- 10791
150 611-787 14213-20237
Rat (13-week) <10 10 409459  527-530
(choline salt) 30 183188 25863209
100 609-619 12021 - 12194
Dog (13-week) <25 25 53.1-641 22-2M2
(choline salt) 50 115-144  833-1098
100 25-245 18872565
Humsen 19 Y 183
(135 mg fenofibric acid70 kg)

a. PK data available only after single dosing from a diffcrent study

17
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A comparative 14-day tox study of fenofibric acid (LF 01-0153) and fenofibrate (LF 01-
0178) was conducted in female SD rats. Each drug was administered at 0, 100, 300,
5§00 mg/kg/day in 0.5% methyicellulose by oral gavage. Additional 9 rats/group were
used for TK analysis. At 2 300 mg/kg/day fenofibric acid produced clinical signs
(piloerection, this was also noted at 100 mg/kg/day in 1 female), as well as dose
dependent decrease in weight gain (by up to 10%) and decreased FC (30-35%) in rats.
Fenofibric acid affected hematological parameters (decreased mean corpuscular
volume, decrease in reticulocyte count, decrease in prothrombin time). Both drugs
increased clinical chemistry parameters (increases in ALT and AST, TG levels at 2 300
mg/kg/day, but total bilirubin increased at a HD with fenofibric acid). Target organs of
toxicity with both drugs were liver (hepatocellular hypertrophy which correlated with
gross liver enlargement), and glandular stomach, where petechiae and /or uicers were
observed at all doses of fenofibric acid or fenofibrate. In the glandular stomach,
erosions, submucosal edema, focal mucosal congestion were noted from the dose of
300 mg/kg/day, but severity was increased with fenofibric acid and not so much with
fenofibrate. Thymic atrophy was only noted at a HD with fenofibric acid which
comelated with the dose dependent decrease in thymic weights in rats. Sponsor's
NOAEL dose was 100 mg/kg/day for both drugs and plasma exposures of fenofibric acid
were 9.4 and 5.4 mg.h/mi with this dose of fenofibric acid and fenofibrate respectively.
Thus with fenofibric acid, almost 2-fold higher exposures are observed. Histopathology
Tables were very poorly presented and were hard to read. This study in general .
suggests higher toxicity with fenofibric acid than with fanofibrate. It is interesting to note
that toxicity was observed from the dose of 300 mg/kg/day in the glandular stomach in
this 2-week study with both fenofibrate and fenofibric acid, and not in the 2-week study
with fenofibric acid choline salt at doses up to 300 mg/kg/day, which would suggest that
choline salt of fenofibric acid is better tolerated as for the Gi toxicily is concemed.

In a single dose non-GLP study, the ulcerogenic potential of fenofibrate and fenofibric
acid was evaluated in a groups of rats (6/sex/group). Effects of micronized fenofibrate
and fenofibric acid on gastric ulcerogenic potential and PK were examined. Vehicle
group were given 3% gum Arabic and acetyisalicylic acid (ASA) was given to 6
rats/sex/group as a positive control. The pharmacokinetic effects are shown below.
Only fenofibric acid produced a significant uicerogenic effect at a HD of 1000 mg/kg/day.
The total lesions (including hyperplasia of petechiae, pinhead uicers) seen with fenofibric
acid were higher (6/12, 7/12, 10/12*, at 100, 300, 1000 mg/kg/day, *p<0.05) vs the
control (5/12). Fenofibrate also induced these lesions (5/12, 6/12, 7/12 at 100, 300,
1000 mg/kg/day), but were not significant. The assay was valid as the paositive control
ASA showed these lesions in 12/12 rats. It is not clear why 5/12 controls had these
lesions.
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Toxicokinetic parameters for fenofibric fid following dosing with cither fenofibrate (LP
01-0178) or fenofibric feid (LF 01-0153) are summarized in the following table.

Fenofliente

DeltyDowe (ng ki) 106 ) 1

Number of Animals M6 B6 6 E6é I Y) ES6
Coe (119l 887 243.0 M9 305 096 4166
Tuas () 4 1 ] s 4 ]
AUCox (Hgohvml.) 1904 6387 S364 11060 10846 13258

Fenolfilbele Acld

Daily Dose (mg acidfig) 100 308 1000

Number of Asimsls M6 E6 M6 B6 M6 0]
Cona (pg/miy S 4543 M9 T WAL 10MS
Taa () 2 ] as ] 2 3
AUCo (pgeiviml) 5482 11609 12908 25626 2923 426k6

Under the experimental conditions of this study, a statistically significant ulcesogenic
effect, characterized by a significant increase in the incidence and severity of gastric
damage, was only detected with fenofibric acid at the highest dose (1000 mg/kg). The
damage was located in the corpus of the stomach and incladed petechise, pinhead nicers
and/or ulcer furrows. This dose Jovel correlatod with fenofibric acid plasma exposures of
29,223 and 42646 pgeh/ml. in male and female rats, respectively. No significant
ulcerogenic activity was noted in rats administered fonofibric acid at 100 or 300 mg/kg or
in sats administered fenofibrate at 100, 300, or 1000 mg/kg. Under similar expesimental
conditions, rats administerod ASA (method-control) az 100 mg/kg developod gastric
damage, confirming the validity of the method used.

Similarly, five-week bridging studies with conducted in rats with fenofibric acid (0, 10, 30,
75, 130 mg/kg/day) vs fencfibrate (0, 100, 300 mg/kg/day). These studies were
conducted at different times using different doses. The study with fenofibric acid was
GLP, while with fenofibrate was non-GLP study. Doses used were different. Also
fenofibric acid used was not a choline sait (see IND 70,345 review in DARRTS).
However, the TK of fenofibrate at 300 mg/kg/day in this study (AUC exposures were
15.3-19.3 mg.h/mi) was roughly equivalent to fenofibric acid 150 mg/kg/day in a 5-week
study (AUC exposures were 14.2-20.2 mg./mi). Both Fenofibrate (100-300 mg/kg/day)
and fenofibric acid (75-150 mg/kg/day) in general produced similar decreases in BWs,
food consumption and changes in hematological (red biood cell parameters, e.g.
decreases in hematocrit, and increases in RDW) and clinical chemistry parameters
(ALT/ASTALP were increased by up to 2 fold in males). Target organs of toxicity with
both fenofibrate (100-300 mg/kg/day) and fenofibric acid (75-150 mg/kg/day) were liver
(centrilobular hypertrophy), skeletal muscie (myofiber degeneration), and heart (lesions
with myofiber degeneration).  Only differences between these two wera the gross
findings in the stomach (red foci in the glandular mucosa less than 1 mm diameter)
which were seen with fenofibric acid (in 1/20 and 3/20 rats at 75 & 150 mg/kg/day
respectively), but not with fenofibrate.
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Rals : ,

In a 3-month oral toxicity study of fenofibric acid choline sait in rats, (n=
10/sex/dose, rats 7 weeks of age), doses of 0, 10, 30, 100 mg/kg/day were used. The
drug accumulated over time and AUC values on day 86 were higher (males 527, 3209,
12021 ug.h/ml at 10, 30, 100 mg/kg/day respectively; females 530, 2586, 12194 ug.h/mi
respectively) than on day 0 (males 223, 975, 5241 ug.h/mi at 10, 30, 100 mg/kg/day
respectively; females 451, 2092, na ug.W/mi respectively, na=not available). A HD
produced alopecia and/or thin hair in forelegs/forepaws, red stained muzzie (1020 vs
0/20 in controls) and dark colored tail (in males). High dose decreased body weights
(BWs by up to 14% in both sexes), BW gains (by up to 86%), and food consumption in
females during the third week (by 11%). A 30-100 mg/kg/day dose produced changes
in hematological (decreases in hematocrit, and increases in reticulocytes and platelets),
anddinicdchenﬁsﬁypammehrs(ALTandASTmmmedbnyold. ALP and
serum albumin levels were increased at all doses). Weights of several organs, such as
heart (21-46%), kidneys, and liver (by 42-179%) were increased at all doses, and were.
associated with histopathology changes in these organs. Target organs of toxicity were
liver (centrilobular hypertrophy of mild to moderate severity in 0/20, 6/20, 20/20, 19/20 at
0, 10, 30, 100 mg/kg/day respectively), skeletal muscle (at a HD in soleus muscle 20/20
vs 0/20 in contrals, and in gastrocnemius muscle 20/20 vs vs 0/20 in controls, with
minimal to moderate severity), pituitary gland in males (4/10, 6/10, 9/10, 10/10
respectively), kidneys in females (mineralization at a HD 6/10 vs 3/10 in controls) and
Mymusinbothsoxes(hemorrhageataHDMONWOhenmmls). No drug free
recovery period was assessed in this rat study. Sponsor states that in humans the AUC
exposumatmulﬁphdoscofﬁSmgomldailyd«iugofMﬁcaddmmaug.le
(see page 16, Table 14 of this review). The proposed dose of fenofibric acid is intended
mpmidemnsamephmexposumasmmmammzoomg

Since ﬁverﬁndngsmnnondataﬂdmandmnmdmbuﬂndkmswemhdat
MD/HD (with higher incidences), the NOAEL or tolerated dose of the drug in a 3-month
ordbxicﬁystudyinmsisdomglkgfm.whhhpmmsmymhok&mm
rats to humans (mean fenofibric acid AUC values in male + female rats at 10 mg/kg/day
=530/183 pg.h/mi= <3X). Note that liver toxicity was noted at <3X the human
exposures, while the heart and muscle toxicity was noted at 15X and >60X the human

exposures respectively.
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Tabulated summary of histopathology data in a 3-month toxicity study in rats with
fenofibric acid choline sait (A770335.115) are shown below:

Males
(0, 10, 30, 100 mg/kg/day)

Females :
(0, 10, 30, 100 mg/kg/day

Heart degeneration 5/10, 3/10, 6/10, 9/10 3/10, 2/10, 5/10, 5/10
(minimal to mild)

Liver, coagulative necrosis | 0/10, 3/10, 4/10, 2/10 0/10, 1/10, 0/10, 0/10
Liver, hypertrophy 0/10, 0/10, 10710, 10/10 0/10, 6/10, 10/10, 9/10
(moderate to marked)

Pituitary vacuolation, in
pars distalis, minimal

4/10, 6/10, 9/10, 10110

Soleus muscle
degeneration of myofiber,
muttifocal mild to moderate

0/10, 0/10, 0/10, 10/10

0/10, 0/10, 0/10, 10/10

Gastrochemius muscle

degeneration of myofiber,
minimal to mild

0/10, 0/10, 0/10, 10/10

0/10, 0/10, 0/10, 10/10

Kidney multifocal medulia
mineralization

3/10, ne, ne, 6/10

7MM We

'4/10, ne, ne, 6/10

0/10, ne, ne, 3/10

Sponsor explains below that there are sufficient safety margins in the toxicity findings
with fenofibric acid in the above13-week study in rats:

Plasma exposure of fenofibric acid (Table 14) in rats at minimally toxic dosages
(peroxisome activation) following 13 weeks of daily administration of fenofibric acid are
approximately three-four-fold greater than the intended exposures following fenofibric
acid administration in humans. At exposure multiples of about 15-20-fold, cardiac
myofiber damage was seen and at higher dosages, with exposures of 2 50-fold those
expected in humans, anemia, skeletal muscle degencration and decreased body weight
gain were observed. An identical spectrum of toxicity at comparable mmitiples above
human exposure was seen after dosing with fenofibrate (five-week study).

Sponsor states that in rats, no uicerogenic effects were found following oral (gavage)
administration of the choline salt of fenofibric acid. In thase studies, the exposure levels
of fenofibric acid (approximately 12000 pg-h/ml.) were 2 80-fold higher than the clinical
exposure at the 135 mg dose (183 pg-ivml.).
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Dogs
Ina&monﬂnonltoxicltystudyoﬂomﬂbﬂcacldchoﬁmsdthdogs
(n=4/sex/dose), doses of 25, 50, 100 mg/kg/day were used followed by the 8-week of
the drug free recovery period. The drug accumulated over time at MD/HD and AUC
values on day 84 in combined sexes were higher (males 222, 832, 1886 ug.h/ml at 25,
50, 100 mg/kg/day respectively; females 271, 1098, 2564 ug.n/mi respectively) than on
day 0 (males 225, 662, 1553 ug.h/mi; females 372, 652, 1777 ug.mi respectively). A
HD produced increased incidences of Gl findings (emesis, abnormal stools) which
correlated with decreases in BWs. One HD male was euthanized due to decreases in
BWS (by 30%) and due to Gl findings. MD/HD decreased BWSs (by up to 10-26% in
both sexes). During the drug free recovery period, the BWS were still lower in HD males
“(by 20%). A 50-100 mg/kg/day dose produced changes in hematological ( decreases in
hematocrit, RBC, and hemoglobin and increases in APTT), and clinical chemistry
parameters (ALT and AST were increased). Weights of several organs, such as ovaries
(2.2, 1.0, 0.95, 0.81 g at 0, 25, 50, 100 mg/kg/day respectively, by 55-63%), and testis
(14.1,13.5, 13.3, 13.1 g respectively, by up to 7%) were decreased at all doses, and
were associated with histopathology changes in these organs. Relative heart weights
were significantly increased during treatment (by up to 26%) but not during recovery
period. Target organs of toxicity were liver (cell necrosis and/or mixed inflammatory cell
infiltrates in 0/8, 0/8, 3/8, 4/8 dogs respectively), ovaries (immature in 0/4, %, 2/4, 2/4
dogs respectively), testis (tubular vacuolation and hypo-spermatogenesis in 0/4, 2/4, %,
% respectively), thymus (lymphoid atrophy (3/8, 2/8, 6/8, 4/8 respectively) and stomach
(atrophy 2/8, 0/8, 3/8, 4/8 respectively). Additionally, HD produced toxicity in the heart
(mononuclear cell infiltration and focal tricuspid vaive in 3/8 vs 0/8 in controls) and
skeletal muscle (in males mononuclear cell infiltration in % dogs at MD/HD vs 0/4 in
controls). Stomach toxicity was also noted at MD/HD (mucosal or lymphoid atrophy in
2/8, 0/8, 3/8, 4/8 dogs respectively). During recovery, the toxicity was not seen in the
testis and ovaries, but was still present in the heart (infiltration of mononuclear cells or
hypertrophy, or hyperplasia in males: 0/2, %, %, % respectively; females: 0/2, %, %, %
respectively) and liver (in females diffuse vacuolation in 0/2, 1/2, 2/2, % respectively).

Alsohtheheanhehckocardbgmphicevaluaﬁon,aﬂmmhmsignmanuy
increased at a HD in females on days 76-77 (185, 180, 196, 205 seconds at 0, 25, 50,
100 mg/kg/day respectively) but not during the drug free recovery period. QRS were
sign&anﬂydmasedinbmahsatahﬂbothdmhgmommm_(ondayan-ﬂ v
were 1.42, 1.10, 0.93, 0.83 mv respectively) and recovery period (day 126 were 2.2, 2.1,
1.85, 1.40 mv respectively. QTef (213, 220, 217, 235 msec respectively) and QTcv
(213.219.217.233msocmpccﬁnly)mabosigniﬂeanﬂyaWataHDduﬁng
treatment (by approximately 20 msec) but not during recavery periods. These changes
were observed in females. The data were considered significant at the p value of =0.05
for each variable. Sponsor states that no drug related effects were observed on
electrocardiography (for complete review see IND 70,345 in DARRTS).

The NOAEL or tolerated dose of the drug in a 3-month oral toxicity study in dogs was
<25 mg/kg/day as all doses produced findings in testis and ovaries. There was no
safety margins at the lowest dose of 25 mg/kg/day in humans (mean fenofibric acid AUC
values in male+ female dogs at 28 mg/kg/day were 247/183 ug.mi= 1X) as these
mﬁammamwmahmmuﬁeMMmAuc«m.
Thus, liver, heart, stomach and thymus toxicity was noted in dogs at $X-12X the human
exposures. Tosﬁcuhrandmﬁm,ﬁndiﬂgsmmm%m&mksofdmm
recovery period
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Tabuhudsummatyofhbtopaﬂlologydmm-&monmmmysnmyinm
with fenofibric acid choline salt (A770335.115) during treatment are shown below

(n=4/sex/dose):

Males
(0, 25, 50, 100 mg/kg/day)

Females
(0, 25, 50, 100 mg/kg/day)

Heart, infiltration of
mononuclear cells in males,
and hematoma, focal in
tricuspid valve in females

0/4, 0/4, 0/4, 2/4

0/4, 0/4, 0/4, Y4

Stomach, atrophy in the
mucosa, multifocal in

males, lymphoid atrophy in
females

0/4, 0/4, 0/4, 1/4

2/4,0/4, %, 3/4

Liver, single cell necrosis
and/or mixed inflammatory
cell infiltrates (minimal to
mild)

0/4, 0/4, 2/4, 314

0/4,0/4, %4, %

Testis, tubular vacuolation
and hypo-spermatogenesis

0/4, 2/14, %, 3/4

'

"Skeletal muscle, infiltration
of mononuclear cells

0/4, 0/4, Y4, Y4

Y%, 214, %, 114

204, 0/4, %, 314

0/4, %, 2/4, 2/4

Bvars i
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Tabulated summary of histopathology data during recovery are shown below
(n=2/sex/dose): Note that One male animal in the recovery group at a HD of 100
mg/kg/day was euthanized on day 39. '

Males Females

(0, 25, 50, 100 mg/kg/day) | (0, 25, 50, 100 mg/kg/day)
Heart, infiltration of 0/2, 112,172, 111 0/2, 112,112, %
mononuclear cells, focal
hypertrophy or focal
hyperplasia
Liver, diffuse hepatoceliular | — 02,112, 212, 112
vacuolation
Skeletal muscle, infiltration | 0/2, 0/2, 072, 1/1 072, %, 012, %
‘of mononuclear cells
Tongue, infiltration of mixed | 072, %, %, O/1 072, 072, 072, 112
inflammatory muscle or
mononuclear cells

Sponsor states that testicular findings in dogs i.e. presence of vacuoles and hypo-
spermatogenesis (in 0/4, 2/4, %, % respectively) has been previously reported with
several HMGCoAreduMeinhibitorsMﬂ:mchangaormgﬁgibhd\angeainmmor
semen parameters in men.

mus.mmmmmmmtmmmmm.mwmmammmw
and clinical chemistry parameters were noted with choline salt in both 3-month rat and
dog studies. Target organs of toxicity in both species were liver (hypertrophy/necrosis in
rats, necrosis/mixed inflammatory cell infiltrates in dogs), skeletal muscle (degeneration
inrau.mononuclearcouinﬁnraﬁonindogs)andhun(hminheanweigm.wim
Adegemmﬁoninmandmononuc!emceummﬁmhdogsamomos). No safety
pharmacology studies with fenofibric acid choline salt have been conducted to further
evaluate the heart findings. Plasma exposures were higher in rats (500, 2000, 10000
ug.h/mi at 10, 30, 100 mg/kg/day) than in dogs (247, 966, 2226 ug.h/ml at 25, 50, 100
mg/kg/day respectively). In a 3-month rat study 1/10 male rat was found dead on day
83 at a HD of 100 mg/kg/day, no cause of death was identified, but rats in this dose
group lost significant weight (by 14%). Similarly, in a 3-month dog study, 1/6 male dog
(includingzlsax/dosefmmtherecov«ygroup)wumnmdat100mglkgldaydueto
Gl signs (emesis, abnormal stools) and weight loss of 30%. In the stomach mucosal or
Iymphoidatmphywasincmasedatamnindogs(m,w&,31'8.4/8dogsat0.10,30,
100 mg/kg/day respectively). In rats no Gl findings were noted in this study but in a 5-
week study with fenofibric acid (not the choline salt), 75-150 mg/kg/day produced red
focihtlwglandularmucosa(umandﬂmrmﬁ?sm?mw&yr«pocﬁvdy).
Additionally, testis (decreases in weights, tubular vacuolation and hypo-spermatogenesis
in 0/4, 2/4, %4, % respectively) and ovaries (decreases in weights and immature in 0/4, %,
2/4, 2/4 dogs respectively) were target organ of foxicity in dogs. Sponsor states that the
testicular findings in dogs have been previously reported with several HMG CoA
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reductase inhibitors with no changes in these parameters in men. Note that during the
drug free recovery period, the toxicity in stomach, testis and ovaries was not seen, but
the toxicity in the heart (infiitration of mononuclear celis or hypertrophy, or hyperplasia
(in both males + females in 0/4, 2/4, 2/4, 2/3 at 0, 25, 50, 100 mg/kg/day respectively)
and in liver (in females diffuse vacuolation in 0/2, 1/2, 2/2, % respectively) was still
present, and was observed at equivalent of human therapeutic doses, based on
exposures, thus there appears to be no safety margin in dogs to humans. However, the
number of animals in recovery group is small and there is prior experience with
fenofibrate in humans. Also dogs at MD/HD (including recovery animals) received
dietary supplementation which controls did not.

Sponsorexplaimthatnomofmmﬁndingsamaconeemastobwz

In dogs gastric lesions were found at 75 mg/kg/day (2-week study) and 100 mg/kg/day
(13-week study) comresponding to fenofibric acid plasma exposure (approximately 2500
to 4500 pgehvmL) of approximately 17 to 31-fold the highest proposed dose in humans.
Tubular vacuolation of the testes was a consistent finding in the 2-week and the 13-week
studies where young dogs (about 7 to 9 months at necropsy) were administered fenofibric
acid or fenofibric acid choline salt. By 13 weeks of dosing the vacuolation was
associated with a partial depletion of germ cells from the seminiferous tubules from the
low dose onwards (25 mg/kg/day, about 2-fold the human exposure).
Hypowmmk.wbﬂmbemspﬂoﬁkwm”h
approximately 30% of normal beagle dogs”™, was not noted, however, after long-term
treatment (up to 52 weeks) with the pro-drug fenofibrate.*® Effects on dog testes have
been described for a number of lipid-lowering compounds, including clofibeate™ and
various statins.”” The described lesions after fenofibric acid treatment are very similar
to those observed after statin treatment and were shown to be revessible. Although these
changes provide a low safety margin in animals for both, fenofibric acid and statins,
clinical studies in humans with several statins have demonstrated negligible or no
changes in hormones or semen parameters in human.”*”™ In addition, a review of all
pathological finding in the preclinical dog study.” Moderately decreased ovary weights
that correlated microscopically with immaturity were obscrved in all treated female dogs.
The testicular and ovarian findings were not present in dogs following a six-week
recovery period. In conclusion, the testicular and ovarian findings are not expected to
have clinical significance and no further preclinical studies with fenofibric acid are
needed to further investigate thesc findings.®
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Sponsorhasnotpmidedanycomparhonsofmabﬁcacidwihbmﬁbmhrdog
studies. Hmr,wmdhmmbmmmmmmm
in dogs may be kidney, liver, and galibladder. No testicular or ovarian toxicity has been
mentioned with fenofibrate in dogs. mmomoawmhmmw
Mutagenesis, impairment of Fertility, there is no mention of fertility studies, however it is
stated that fenofibrate produces benign testicular interstitial cefl tumors at 6 times the
Mmdmummeomndedhumandou(MRHD)hmahainomMofms,andthm
tumors are observed at 2 times the MRHD (200 mg/day) in a second study in another strain
of rats. ’

6.6.64 GENETIC TOXICOLOGY

Following Gene-toxicity studies have been conducted with fenofibrate or fenofibric acid

Table 15. Genotoricity Studies

— Test Test/Species " Compouwd Remits

Gene mutation Ames/Salmonells test Fenofibrate Negative

(i vitro) .

Gens mutation Ames/Salmonsils and Femofibeasta/Fenofinic acid |  Negaive

(invigo) - Saccharomyces .

Cheomosome SCE/CHO celis Fenofibric acid Negative

dummage (in vivo) ; .

Cheomosome Mouse lymphoma cells Femofibwic acid Neogative
- _damage (in vito) —

d.—gum) chromosomes/rat ‘ v

DNA repair UDS/primary culturs of rat Fenofibric acid Negative

(invitro) hepatocytes

No evidenos of mutagenic or clastogenic activity was observed in amy of the genotoxicity
studies conducted using cither fenofibrate or fenofibwic acid, S2S45.6667 :

memmmmummmmmmmmm(ﬁmmm
NDA submission of NDA, section 2.4.4.5, pages 46-47)
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Table 12. Summary of Genetic Toxioslogy Studies en Fenofibrate and Fenollbric Acid
Dese Rauge IND 19058
Type Stndy Methed (wpjmt.pginl.ormphypley)  Findlogs ULaderstery  SegestNa
Giene mautation in 3 Suzins (TA 93, 108 Fenofibrase 3¢ 3.7 - 367 noiplase Negmive [ 1 SRDONELS 151268
Bactcria ~ Ames Test and 1533), & st liver
Arocler induced 59 o >
metabolic acsivation -
Gene mutation in SSuwaing (TASS. 108, Femefibeme and Femofibric acid 201 Negative C - BEDW6SIS  10m
Scelmuonetia typh. 1535, 1537 and 1538) - S08ugiplae
Succharomyces corcy n e -~/
(& rat liver Arocler
induced 59 motabolic
activation, husman liver
9 mix) - -~
Mouse Lymphonta 45 weament of 0.008 - 0.3 59 Negasive \ REDUGSIS NA
Forwand Mutash m's; d colts (£ o 0.005 - 0.3(+9%) o <
Assay iver 9 wctsholic Clofibric Acid__ 0.1 - 1L84-59)
Ak inal fotowed by 0005 - 0.25 (+59)
2days Fenalibric Acid 0.095 -0-4¢39)
008 -0 4(+S9) I -
Sisr Cheomatid 2 cemment and 242- 202¢-59 Negmive R&DVSSIe NA
Exchange culiused for ~23 b 0.1 -620(+59) L J
Clofiteic Acid 196 ~ 654 9%
66.7 - 2000 (+59)
Fenafibric Acid 198 - 198 ¢-59)
20.1 668 (+39)
NA = Notapplicable :
Table 12 Summary of Genetic Texicology Studics on Fenefibrate and Fenafibric Acid (Cont.)
Dese IND 19886
Type Study Nethad (mg/ml, ug/ml. or mpbgay) Fiadings  Lalbratsy  RegoriNe.  Velipage
Chromosormal Cells weasod e <17 h CGemtthoonil 103 - 574¢-59) Negative ’
Abcrmtion (-$9)or ~8 W (+59) 100561 (+59)
(Htuman lymphocytes) Chofibeic Acid 507 - 2000(-9%
501 - 2000 (+S%
Femotibeic Acid 150 - 990 ¢-$9)
250- 10089 —
Unscheduled DNA Cellstreated fr ~18 hin  GonFibsowil aks-l08 Negative ADNe/620 NA
Sywthsis the presence of Clofitric Acid  1.01 - 0.3
*Hi-thymidine Fonofiteic Acid 1.01 - 507 o
Rat Bowe Massow In vivo chromesom Fenolibeate @, 200, (090, 5608  Ncgative BADOES1I6 NA
Cheomosome damage domage inrats « J
Single dose with
cvaluntions a1 6, 24, or
48 h post-dose
NA. = Not applicable

On Original
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Carcinogenicity (from gho current NDA submission)
26741 tm(cm.)

Speckssad  Methedef  Dursiien  Deses cLr Testing Study Location
Typeot Smdy Swsia  Admisiarsics ofDesieg (mghgr  Complience ' Facilty  Nemher Vel Sech
Carcimogenicity Mowse(CDI)  PO(e)  SOwecks® 1048 N 7Y ranwssis

Mowse (CDI) PO  Bowocks® %1060 Yes ——  rapwesn

Ru(Wisw)  PO(Ge)  Ikwads” 1005 No 220006623

"“n‘s"""‘” FOdict)  17wocks® 0,10,60 Yo L_ 2 rabDosses

*  Usless othcrwise specificd. For Repeat-Dase Taxicity, e highest No Obscrvod Adverse Effect Level (NOAEL) is wadcriingd.
o Fesofibeae: b. Fonofibric ackl (fee acid)

26.6.6 Reproductive and developmental toxicology
Following repro-toxicity studies have been conducted with fenofibrate
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