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N
MUTATION ASSAY. RESULTS - WITHQUT ACTIVATION

TABLE 3

N AY

SPONSOR: Mafinckeodt, Inc. T STUDY NO.: 0795-2140
EXPERIMENT NO.: B-1 SOLVENT: 016 NHC!
TESTARTICLE: ey, CONC. IN:  ug/plate .
[S tphimurium Average No, of Reveniants Per Piate
Positive  Solvent Concsntration per plale
Conol  Control | 625 125 250 1000
STRAIN: TAS3 REVERTANTS 834 28 23 21 24 15 2
DATE PLATED: STD. DEV. - 68 3 4 3 3 2 3
04/04/03
LAWN . NL NU NL NL NL NL $R
CEU S SEEDEDR: .

1 07408407 |PRECIPITATE NP N NP NP NP NP__ NP
STRAIN: TA1060 REVERTANTS 301 42 41 38 24 25 7
DATE PLATEQD; STD, DEV. 13 3 5 5 [ 8 2
Q4104703

LAWN NL NY NL NL NL NL SR
CELLS SEEDED: .
1.068E+08 PRECIPITATE NP NA__ NP NP NP NP NP
STRAIN: TA1535 REVERTANTS 308 9 8 14 11 8 4
DATE PLATED: STD. DEV. H 1 2 3 4 1 1
04/04/03 :
B , LAWN NL NU NL NL NL NL SR
CELLS SEEDED; .
5.800E407 PRECIPITATE Ne NA___NP NP NP NP NP
STRAIN: TA1537 REVERTANTS 248 10 5 B 3 4 3
DATE PLATED: STO. DEV. 55 3 2 1 1 1 3
04/04/03
LAVWN NL N NL NL NL NL SR
CELLS SEEDED:
5.640E407 PRECIPITATE N NHA NP NP NP NP NP
E. poli Positive  Solvent Concentration per plate
Contro Control 62.5 125 250 500 1000
STRAIN: WP2 uvrA REVERTANTS 471 18 13 15 168 10 5
DATE PLATED: ST0, DEV. 86 2 3 1 4 2 1
04404103 )
LAWN NL N NL NL NC NL SR
CELLS SEEDED: .
7.820E+07 PRECIFITATE NP NH NP NP NP NP NP
NL = Normal, healthy microcolony iawm, NP = Na precipitate.

8R = Slight reduction in the microcolony lawn.

The results of the definitive assay with metabolic activation are reproduced by the
sponsor’s table 4 below. The results indicate that under the conditions tested, ‘o

was not mutagenic in any bacterial strain tested.
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: TABLE4
SALMON I . TE, N Ti
MUTATION ASSAY RESULTS - WITH 5.8 ACTIVATION
SPONSOR: Maflinckrodt, Inc. ' —~ STUDYNOQ.: 0795-2140
EXPERIMENT NO.: B-{ SOLVENT. 016 NHCI
TESTARTICLE: oeamacmmessanl CONC. IN:  pg/plate
| S. fyphimydum Average No. of Revertants Per Plate
Positiva  Solvent Concentration per plate
— Control _ Controd 625 425 250 500 1000
STRAIN: TABS REVERTANTS 563 | 24 27 28 18 15
DATE PLATED: STD. DEV. 58 4 1 3 8 -1 3
04/04/03
LAWN NL NLJ ML NL WL NL NL
CELLS SEEDED:
9.740E407 PRECIPITATE Ne NA_ NP NP he NP NP
STRAIN: TA100 REVERTANTS 493 45 44 45 H &7 18
DATE PLATED: STD. DEV. 14 2 3 8 4 1C 2
04/04/03
LAWN NL NL NL NL NL NL NL
CELLS SEEDED:
1.068E+408 PRECIPITATE NP NA NP NP NP NP NP
STRAIN: TA1535 REVERTANTS 159 14 17 18 11 g8 7
DATE PLATED: STD. DEV. 11 2 4 7 2 2 0
04/04/03
LAWN - NL MU N NL NL NL NL
CELLS SEEDED:
5.800EH7 PRECIPITATE NP N NP NP NP NP NP
STRAIN: TA1637 REVERTANTS N -3 13 9 11 8 & 3
DATE PLATED: STD. DBV, 5 1 2 3 0 2 2
04/04/03
LAWN NL N NL NL NL NL NL
CELLS SEEDED: NFJ
5,540E+)7 PRECIPITATE Np NP NP NP NP NP
E. coll Positive ~ Solvant Conceniration per plate _
Centrdl _Control 625 126 250 500 1000
STRAIN: WP2 uvrA REVERTANTS 203 20 18 15 15 10 8
DATE PLATED: STD. DEV, 4 4 2 <] 1 3 1
04/04/03
LAWN NL N NL ‘NL NL NL NL
CELLS SEEDED:
7.820E+07 PRECIPITATE NP NH NP NP NP NP. NP
NL = Normal, heatthy microcolony lawn. NP = Na precipitate.

Similar results were obtained in a confirmatory assay, suggesting that, under the
conditions of this study, s =eem Was non-mutagenic in the bacterial
reverse mutation assay.

Study title: In Vitro Chromosome Aberrations Study with . . . o [T}
Chinese Hamster Ovary Cells

Key findings: The impurity, tested positive for its potential to
induce chromosome aberrations in cultured CHO cells both with and without metabolic
activation. Under the conditions of the study, e is therefore

considered to be clastogenic.
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‘Study no.: ENDO # SP0002-220-03

Volume #, and page #: _ Electronic Submission (7/22/2003)
Conducting laboratory and location: — et .

Date of study initiation: March 27, 2003

GLP compliance: Yes

QA reports: : yes (X ) no ()

Drug, lot #, and % purity: ———et~~, Lot D14182, =
Methods: The ability for e to induce chromosome aberrations in

cultured Chinese Hamster ovary (CHO) cells with and without exogenous metabolic
activation was determined via a standard assay. Metabolic activation mixture consisted
of phenobarbital/B-naphthoflavone-induced rat liver homogenate (S9) and the cofactor
pool. This was purchased from em===- . The SO was tested for its potential to induce
acceptable level of aberrations in CHO cells with cyclophosphamide (CP). Following
treatment, a total of 1000 cells were scored from each concentration tested (500 from
each duplicate flask) and the number of dividing cells was recorded. The mitotic index
(MI = number of dividing cells from 1000 cells/10) and relative mitotic index (RMI = MI
of test concentration/MI of solvent concentration x 100) was determined.

Strains/species/cell line: The clone ———= of the CHO cell line was used in the
study. The cells originated af == . Doubling time of the cell line is
approximately 12 hours and its modal chromosome number is 21.

Doses used in definitive study: 0.1, 0.5, 1, 5 and 7.5 pg/mL for non-activated system and
0.1, 0.5, 1, 5 and 10 pg/mL for activated system. Based on the relative mitotic index
results, the chromosome aberrations 1.0, 5.0 and 7.5 pug/mL for the non-activated system
and 1.0, 5.0 and 10 pg/mL in the activated system were scored. One hundred metaphases
were scored for chromosomal aberrations from each of two duplicate flasks (total of 200
metaphase cells per concentration). Only cells with 19-23 chromosomes were scored,
and the microscopic coordinates of each cell with aberrations were recorded. The
number of polyploid and endoreduplicated cells in a total of 100 dividing cells were
scored and recorded for each cell culture.

A confirmatory assay was performed in both the non-activated and activated systems.
The procedure was the same as the definitive study, except that the test article treatment
period was extended to 20 hours for the non-activated system and a repeat of the 4-hours
for the activated system. Concentrations tested ere 0.05, 0.1, 0.5, 1, 5 and 7.5 pg/mL and
0.05, 0.1, 0.5, 1, 5 and 10 ug/mL for the non-activated and activated systems, ~
respectively. A total of 100 metaphase cells were scored from duplicate slides except for
the highest concentration of 10 pg/mL in the activated system where only 64 metaphases
were scorable for slide A.

Basis of dose selection: Dose selection was based upon solubility testing and a range
finding study. For the range finding study, cells were treated with concentrations of 5,
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10, 50, 100, 250, 500, 1000 and 2500 pg/mL under both activated and non-activated
conditions. Untreated (water) and solvent (acidic water) controls were employed.
Cytotoxicity was evaluated as a reduction in the relative mitotic index or relative cell
growth. Relative cell growth was determined by the number of cells in the test
flask/number of cells in the solvent flask x 100. If possible, a concentration causing
greater than 50% reduction in RCG and/orRMI was selected as the highest test
concentration for the chromosome aberration assay. In addition, three or more lower
concentrations were included in the assay. If no cytotoxicity was observed, the
maximum concentration tested with four decreasing concentration were scored. The
sponsor’s table 2 below summarizes the results of the mitotic index range-finding test.
As indicated in table 2, the lowest concentration tested (5 pwg/mL) without activation
produced 78% relative mitotic index, whereas the next highest concentration produced
1% relative mitotic index, suggesting cytotoxicity. With metabolic activation, the
relative mitotic index was 58% at 5 pg/mL, 94% at 10 pg/mL and 0% at 50 pg/mL.

SPONSOR : Mallinckrodt, Inc. SOLVENT : Acidic watar STUDY NO. : 07953110
TESTARTICLE : * cesre————sana? "TRIAL NO.: A2
Activaton - Treatment: 4 Hours  Harvest 20 Hours Acthition . Treatment 4 Hours Harvest 20 Hours
Taat Article No. of Mean' | Reiative Test Article - No. of Meann | Relative
Corcentration Tube {Dividing | Mitotie | Mitotic Concandration Tube | Dividing | Miotic | Miotic
{ug/mL) No. _1Ceiia/50d Index (MI}{ index (RMI) {ug/mi) No. { Cella/500 | index (M1} | IndmdRMI)
A 153 A 143
Untreated  [97 (B 47 10.0 103% Untreated |12 {B {75 11.8 236%
A 153 A (20 .
Soivent 35 1B (44 9.7 100% Sotvent 36 B (30 5.0 100%
A |38 A |15
5 34 (B J40 78 8% - 5 24 {B (14 29 58%
Al - A (18 :
10 89 1B |o 0.1 1% 10 90 {8 |29 4.7 94%
A_lo (A_fo '
50 4 (B |0 0 a 50 3¢ 1B {0 0 9
A 10 A 10 .
100 11 1B |0 0 0 100 46 |IB {0 0 Q
A {0 A 10
250 §218 |o 0 {0 250 318 [0 Q Q
: A {0 S iA10
500 52 1B {0 0 g 500 44 |8 |0 0 0
. A 10 A 10 .
1000 B0 |B '|0 0 0 : 1000 56 B [0 0 0
A 10 . : A 10
2500 78 |B_|0 0 Y 2500 7518 |0 Y 0
All test articls concentrations and untreated wers comparad fo sotvent.
Mi = No. of dividing oslis scored from 1000 ealls RMI =  TesiDossMl X 100
T 10 _ . Solvent Control M!
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Negative controls: The solvent control was acidic water as one or two drops of 1N HCI
was added to the test article and diluted with water for solubility purposes. The untreated
controls were treated with water alone.

Positive controls: Mitomycin-C (MMC) and Cyclophosphamide (CP) were dissolved in
sterile water and diluted to 40 and 80 ug/mL (MMC) and 1.25 and 1.5 mg/mL (CP) stock
solutions. The concentration of MMC used was 0.4 and 0.8 ug/mL in the non-activated
system for the definitive assay and 0.2 and 0.4 ug/mL for the confirmatory assay. The
concentration of CP used in the presence of metabolic activation was 7.5 and 12.5

pg/mL.

Incubation and sampling times: In the non-activated and activated systems, the cultures
were treated for 4 hours, the medium removed and the cells were treated with PBS
containing Ca®* and Mg®" for an additional 16 hours prior to harvest. In the confirmatory
assay, the cells were treated with . === for a total of 20 hours without
metabolic activation. For the confirmatory assay with metabolic activation, the study was
repeated as in the definitive assay.

Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): The following criteria for a valid assay were employed: 1) the percentage of cells
with aberrations in the solvent control should not have exceeded 4%, 2) the positive
control should produce at least 25% of the cells with one or more chromosome
aberrations, and 3) At least one of the test concentrations scored should show greater than
50% reduction in the relative cell growth and/or relative mitotic index (unless a
maximum soluble concentration or highest allowable dose is reached without apparent
toxicity). The study appears to fulfill the above criteria for a valid study. In addition, the
study appears to be valid as the appropriate positive controls were used, an acceptable
number of mitotic cells were evaluated and the protocols appear to be consistent with
those described in the OECD Guidelines.

Study outcome: The mitotic indexes for the concentrations used in the definitive
chromosome aberration assay are presented in the sponsor’s table 4 below. The highest
concentrated tested without metabolic activation (7.5 pg/mL) produced a relative mitotic
index of 47%. The highest concentration tested with metabolic activation (10 pg/mL)
produced a relative mitotic index of 32%.

Appears This Way
On Original

95
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SPONSQR : Maflincirodt, Inc, SOLVENT : Adidic water STUDY NO.: 07953110
TEST ARTICLE : = wsusamsmamwmems TRIAL NO.: B1
\WiFout Acivation - Trsalment 4 Hours  Harvest 20:Hours [Wit Activelion - Treatment 4 Hours Havest 20 Hours
Teat Aticia " INaof | Mean | Relative | TestArcl "No.ot | Mean | Rolative
Gonoantration | Tube |Dividing | Mitotic | Mot Coneantration Tube | Dhiding | M Mitotic
(pgimt) No. __ICelin/500 findex (MIY index (RMI) (ughml) No. | Ceila/500 {Index (MIX indax (RM
A 34 A 3t .
Untreated (412 |B a3 8.7 92% Untreted {70 B 28 58 168%
. A 35 A 17
Selvent 27 B as 7.3 100% Solvent tg 1B 20 37 100%
. A ' . A 17
0.1 85 I8 8.7 2% 0.1 7 I8 20 37 | 100%
A A 19
0.5 14 |B 6.5 88% 0.5 42 |8 29 4.8 130%
A 48 ' A 18 )
1.0 s |8 28 74 101% 1.0 62 |B i 29 78%
Al 23 ' A 22
50 33 |B 23 48 B3% 8.0 9 |8 18 44 111%
Al .19 : : Al s
75 24 B 15 3.4 47% 10 67 |B -7 1.2 .32%
A 28 A 5
‘MMCO4 (41 [B as 7.4 106% “CP75 (8 |B 8 1.1 16%
13 A D
" MMGCOB |15 (B 19 32 48% “CP126 jea [B 0 0 0
*MMC = Mitomycin-C ** CP = Cyclophosphamida

All teat article concentrations ware campared to sotvent.
The positive controls were comparad to Untreated since the solvent for MMG and CP was water,

RMI= TostDugoMt X 100
‘Solvent Controf Mi

Best Possible Copy

The results of the chromosomal aberrations test in the absence of metabolic activation are
presented in sponsor’s table 5 reproduced on the next page. As noted, the highest
concentration tested (7.5 pug/mL); which produced a 47% relative mitotic index,
significantly increased the % of cells with aberrations compared to controls. The slight
increase in the % of cells with aberrations noted in the cells treated with 5 pg/mL e
- (which produced a relative mitotic index of 63%) was not significant.
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a® STUDY NO: 07353110
TRIAL NO.t B
METABOLIC ACTIVATION: Yos () Ho ()

NUMBER AND TYPE OF ARERRATIONS : No.or| %
TREATMENT | CELLS HoT " Curatatid Type [ Ehroesme s | cexs|  evaum
AND CONC. | Bcored | COMPUTED Sim Congplex |sspte Compla _|Oters | ¥R | IR | . NNCH-
) tg Viel%pp | B | bb| & lqrla]d| G| & | d]¢]dn | oL | ane. | squares
Untreated A | 100 ¢l o 000 00
Unimeted B_| 100 1] 0|11 3 001! 10
Untrestod A+B | 200 1100]08] 1 0005] 0.5
“SolvantA | 100 o] 1 1 1 002{ 20
SoventB | 100 | ol o 1 e0t] 10
" Sovert AR | 200 0.0los 1 2 co1s{ 15
10A 100 ] 1 ol o 1 0o1] 10
108 100 ol 14 1 001 10
10a8 | 200} 9 0005 2 0.010| 1.0 |<sobvent
50A 100 3 1] 1 ' 005] 50
- 808 100 1 4 2 0.08 8.0
5.0 A+A 200] 1! ‘Joojos] 7 3] 1 0.055] 5.5 |pe0.0568
75A 100 sl 1] s5{ 21 3] 1} 1| 2 0211 17.0
758 100 - o] ol s 1] 1 .2 4 017 130
75A8 | 200 00 loot15] 1] af al af 3] 1] 6 0190 | 15.0 {p<0.0001
mmcosA | 100 | - 6| ol1el sl a4l 6i14] il a] s 1 1| og3] 330 )
wmcos4n | 100l 2 ol olis! 6| ali0l 6] 4 & 1 054) 350
MMCOAAB | 200 | 2 00fo00yo7i12l 71184 17] s]10] 11 ‘4] 11 11 0£85] 34.0 fp<0.0001
WMMG = Mitomydin-G ' Trend test: P<0,0001 -

* »d = 10 abermations in calcutations.

*45tatistica] apalysis was performed on the % cells. The regults are considared signlficant Ifp-value Is <9.03.
In the Chi-squers test, all test artiche conotntrations were campred to solveat.
T the Chi-squarc test, MMC wes comptred to Untrewted control data since the solveat for MMC vas water,

In the presence of metabolic activation, the two highest concentrations (5 and 10 pg/mL)
produced a significant increase in the % of cells with aberrations compared to controls.
The relative mitotic indexes at these concentrations were 32 and 111%, respectively,
suggesting that the aberrations can not be attributed to excessive cytotoxicity.

Best Possible Copy
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Reviewer: Mamata De, Ph.D.

TEST ARTICLE:  Seoupey

SPONSOR: Maftieckrodt, Inc,

SOLVENT: Acklc witer

CHROMOS

ME ABERRATION ASSA
OME ABERRATIONS - DEFINITIVE A

TREATMENT TiIME: 4 Hours

BARVEST TIME; 20 Haues

ST STUDY NOL 07953119

TRIAL NO: Bl
METABOLIC ACTIYATION: Yei(X) No()

T

NUMBER AND TYPE OF ABERRATIONS,

TREATMRNT | CELLS o Chrwwnadtd Typs . Chramiouns Type hfi: c::u P-VALUE
AND CONC. | Scwred | COMPUYED Sarple Dftiers FXR WITH ¢ CHL-
| (upfnl) : M e l%pp ] ® [ | e @] cl B | s | & ¢mlpoToar P ame | ass | squasee
Unireated A | 100 4] © 000| 00
Untreated 8 | 100 3l o 1 0.01 1.0
Untrested A+ | 200 35]0.0 1 0.005{. 05
SoiventA | 400 o} 0] 2 1 1 1 005! 50
soiventB | 100 1 1 1 1 ) 0.03 3.0
Solvent A+ | 200 o6loo] 2| 1 2 2 1 0.040] 40
1.0A | 100 2] o 2 1 1 0041 40
1.08- 100 2| ol 1 11 1 1 6041 40
10A+8 | 200 2000l 1 3l 11 4 2 0.040 | 4.0 {p=solvent
50A 100 0] ol 6] 14 24 1 14 2] 1 . 0141 120
508 100 a] 0} 2 2] 1 2 1)1 0.09{ 80
50A¢8 | 200 00to0} a8l 11 41 2 3l 31 2 0.115 | 10.0 {p=0.0314
10A 100 0f 0] 31 1 8| 2 2 0.14 9.0
108 100 | 1 ol of af 2| 47 7! 41 1] 2}-3 -0.2¢] 170
oA+ | 200 § 1 00jo0! et 3l 1813] a] 4| 21 5 1 0.175 | 13.0 [p=0.0023
CPIS5A | 100 of 910} 9)12] 8] 8} 2] 10 10| 4] 1.48] 450
cr7Ss8 | 100 of vitrlt0f 11| 4| 8] 4] 14 8| 7} 147 450
cP2.5A«8 | 200 c0jooi18i{27{ 19§23} 42| 18] 8] 21 15| 11 ) 1325} 45.0 10<0.0001
CP = Cydlophosphamide ’

* od w 10 sharrations In caleulzfona,
“Statistical analysts was pacformed on the % cells with aberrations. The resuits ara considersd significant if p-valua is < 0.05,

{n dm Chi-square text, all fest articls coscentrations wese compared 1o sotvent.

In the Chi-square tast, CP was compared to Untreated contro] data sincs the sotvent for CP was water.

Best Possible CopyY
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In the confirmatory assay where cells were treated for the full 20 hours, both
concentrations of 5 and 7.5 pg/mL produced a relative mitotic index of 0% in the absence
of metabolic activation. A concentration of 1 ug/mL produced a relative mitotic index of
60% in the absence of metabolic activation. In the presence of metabolic activation,
concentrations of 5 and 10 pg/mL produced a relative mitotic index of 137 and 17%,
respectively. The mitotic index values are presented in the sponsor’s table below.

SPONSOR : Malflnckrodt, Ine, BOLVENT : Acidic waler STUDY NO. 1 0795-3110

TESTARTICLE ;  oussmer=owowmrcmme . : TRIAL NO.: B2
Wthaut Activston - Trastrmeat. 20 Hord _ Harweet: 20 Hoors Ve 4_Hows Yook 20 _tin ___
Test Aticls A ) Moen | ' . Mo.of | Meun | Relative
Cotcactration | Tube  [Dhviding Dividing | Mitotie | Miote
{aghnl Mo, |owmisne | mdex ) findex (s uc;‘ Ce4a/500 {Index (M Indenx (RMT)
. A 5 ' ‘ 25 -
Untrastad (48 |B 22 7.3 78% Untreatsd |8 |B 23 4.8 1M7%
Al 4 A 21 .
Sovent: |61 B | 80 83 100% |  Sowveat |98 [B | 20 4,4 100%
Al 4 | j . A 28
0.05 2 B | 3r T4 80% 0.05 Is 21 | 47 115%
A | 2 [a 88
0.1 Bl 26 | 50 sa% | (%] 76 [B 24 | 59 144%
Al x| A 3 b
0.5 w2 Bl 28 A% 63% 0.5 57 |B 18 4.9 120%
A 28 A 1% )
1.0 s B | = 58 80% 1.0 14 [B 19 4.8 93%
B 0 ' o 28
5.0 2 |B o 0 o 80 ea |5 | 28 56 137%
' |2 0 ' ' 2
75 s 8 0 Q a 0 70 |8 5 0.7 1%
' Al H : ' A ] 4
MMCO2 |80 [B 20 52 % | cPr7s s |B 5 0.8 19%
NN A 1
MMCO4 (75 1B 12, 28 BY% cri2s 4 I8 o 0.4 2%

A¥ et aicls concentrations and ummwmmdbwm
mapmmmmmmhmamnmmwmﬂwMMCaMCPmm

AMix TeslCo M X 100
Sohestt Control M

Based upon the cytotoxicity results above, concentrations of 1, 0.5 and 0.05 pg/mL were
scored in the absence of metabolic activation. The highest concentration scored (1
pg/mL) produced a statistically significant increase in the % of cells with chromosomal
aberrations. As this concentration produced a 60% relative mitotic index, these results do
not appear to be due to cytotoxicity. The number and type of chromosomal aberrations is
reproduced in the sponsor’s table 9 below:
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CEROMOSOME FRERA AT corzmMAka ASSAY

TEST ARTICLY: Seertcevmmmm " TREATMENT TIME: 20 Howrs ‘=wmaw  STUDY NO: 6795-3110
SPONSOR: Maliinckrode, Inc, HARVEST TIME: 20 Houns - TRIAL NO: B2
mm Acidic water METABOLIC ACTIVATION: Yes() Na(X} -
ROMBER AND TYPE OF APERRATIONS ¥o.07| %
TREATMENT |} CELLS NOT mimdﬂ Type Muuc'l‘ypc ARS, CRLLS ™YALUE
ANDCONC. | Boord | _comrumm Sagle | . Comphx “pure | oo Jonwn |y _{ wmm wan
| (ml) g %o i) v g lelm)ea] b | d] r1emfpa]or] crir | ans SJQUARK*>
UntreatedA | 100 | ol o ) 0.00{ 00
Untreatsd 8| 100 ol o C000] 00
Untresind A48 | 200 0.0 0.0 . . ) o000 0.0
SolventA [ 100 1o} 1 . ) { o000l o0
SolventB | 100 0l 0 : 0.00{ 00
Solvent A4B | 200 00105} - . -] 0.000 0.0
0.05A 100 [ - o] o ) ool o0
cosg | 100 ] ol o : 0.00 0.0
005A+8 | 200 00|60 . . 0.000 | 0.0 [msatvent
054 100 ol o 1 00i| to
058 100 of 1] 1 3 1 005] 30
0SAB | 200 00los! 1] 11 3 1 . : 0.030] 2.0 |p=0.1918
1.0A° 100 o| o] 4 1 1 1 007] 70
108 100 o] o 3 003| 30
1.0As5 | 200 80{00l 4 1 1 4 0050 { 5.0 Jp~0.0061
- MMco2A | 100 | 1 of of1to 7] 18 2| el 3 1 059! 410
MMco28 | 400 ol 0[14| o] sf22 2| 4! @ 2] 10 os0| 300
MMC02A+8 | 200 | 1 00100{240116] 12] 41{10] 4f10] 9 | 34 1] cess| 400 [p<o.0001
MMC = Mitomycin-C » ) Trend test: P<0.0001
* sd » 10 abarations i calcitations.
*¢Siatistica) analyals was pezfcxmadmdn% w]h with ebertations, mmummmm significant if pvalue tv < 0.05,
I the Chi-aqueace fest, all test articke wers parcd ¢ ey b i Untrnud(wmz‘) mm\dm(oﬂ/)slmu the solvent for test sticla wes

IN HCI and watar, and concurrent valoe i $%4.
In the Chi-square hsi.WCmcompcvdb-hiswrioalUntrcatadeontmldm(o.zz%)sh:ecmuo!vmtmmmwmh-ﬂeommvdm i 0%

As listed in sponsor’s table 10, in the presence of metabolic activation, e

S ——— at the two highest concentrations tested (5 and 10 png/mL) :
significantly increased the % of cells with chromosomal aberrations. As indicated earlier,
these concentrations produced 137% and 17% relative mitotic index, suggesting that the
clastogenic effect can not be attributed entirely to cytotoxicity.
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Best Possible Copy

ASSAL LN

5 « CONFIRMATORY

T SODY MO 0TS
e =" TRAL HO: 32
BOLVIRIT: Acklc vk METAROLIC ACTIVATION: Yoi (X3 N ()
m M.0F] %
TREATHRNT | CXL13 NOT gl Ty 5 X183 PVALE
ANDOQONC, | Swesd i M CHy-
| (piml) % | ap | %elXpn A2 RAREH
Untreabed A | 100 1 3] 0] 11 o0 10
| Untrested B | 100 5| t oge| .00
Urtows Asn | 200 | 1 EOV68] 1. 0005] 05
SolantA | 100 41,01 1 1 002: 29
SetvartB_ | 100 3| o 1 o0 10
Soheit A4S | - 200 asjool 1 14 1 0014 15
104 166 4] of 1 3l _2 0os{ 50
108 100 sl o _ o] o0
10448 | 200 EDjoof 1 3| 2 00801 2.5 [p#0.721
sOA_ | 100 ol of 4] 1] 4] 4} 1] 1 o1a] sa
548 100 0] o} 4 af 14 1 1 of2l 110
£0 At 200 oo0lool s 11 1812] 2% 1 2 0.120§ 0.0 [p=0.0008
w0A | 64 of 1l 2 1]z |t 00| 94l
108 160 of ol s' 41 3] 2] 2] .2 2 0ig] 180
oA {184 | 1 00jos] s|- 4] 4| 4f 2] 3 2 0435 | 12.7 {p<0.0001
cPTEA | 100 | 0] ol o1 5| st ol 7] 4] 21 8 18] 4] 118 470
cetsB | 100 0) o]l s}10| wlt2| s8] 48] d8] 2 13 orel 420
CP7SAE | 200 o0faof14)15| 4] 21] 5] 27l 0] 8 . 81 4] 0960 445 pe0.0001
CP = Cyckophiaphiaside . Trend fest P<0.0001
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Study title: In Vitro Chromosome Aberrations Study with

== in Chinese Hamster Ovary Cells
Key findings:
e The impurity, -~ tested positive for its potential to

induce structural chromosome aberrations in cultured CHO cells both with-and
without metabolic activation. Under the conditions of the study ===

e is therefore considered to be clastogenic.
Study no.: e # AA85YE331.BTL
Volume #, and page #: Volume 3, page 884 DMF ==
Conducting laboratory and location: T ——
Date of study initiation: January 15, 2004
GLP compliance: Yes
QA reports: yes (X) no ()

Drug, lot#, and % purity: , B4968P171R, s

S
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Methods: The ability for - - to induce chromosome aberrations in
cultured Chinese Hamster ovary (CHO) cells with and without exogenous metabolic
activation was determined via a standard assay. Metabolic activation mixture was
prepared of Aroclor 1254-induced rat liver homogenate (S9) and the cofactor pool. The
S9 was tested for its potential to induce acceptable level of aberrations in CHO cells with
cyclophosphamide (CP). Following treatment, a total of 1000 cells were scored from
each concentration tested (500 from each duplicate flask) and the number of dividing
cells was recorded. The mitotic index (MI = number of dividing cells from 1000
cells/10) and relative mitotic index (RMI = MI of test concentration/MI of solvent
concentration x 100) was determined.

Strains/species/cell line: The clone of the CHO cell line was used in the study.
The cells originated at ==e==. Doubling time of the cell line is approximately 12 hours
and its modal chromosome number is 21.

Doses used in definitive study: Concentrations tested were 1.25, 2.5, 5, 10, 15, 20, and
25 pg/mL in the initial test for 4 hrs with activation system. In the repeat test
concentration tested were 2.5, 5, 10 pg/mL with activation system. Concentrations tested
with the non-activated systems were 0.079, 0.157, 0.313, 0.625, 1.25, and 2.5 pg/mL for
4 hr and 0.01, 0.02, 0.04, 0.79, 0.157, 0.313, 0.625, 1.25, and 2.5 pg/mL for 20 hr,
respectively. A total of 100 metaphase cells were scored from duplicate slides.

Basis of dose selection: Dose selection was based upon osmolarity, solubility testing,
and a range finding study. For the range finding study, cells were treated with
concentrations of 0.29, 0.897, 2.99, 8.97, 29.9, 89.7, 299,897, and 2990 pg/mL under
both activated and non-activated conditions. Untreated water was employed as control.
Cytotoxicity was evaluated as a reduction in the relative mitotic index or relative cell
growth. Relative cell growth was determined by the number of cells in the test
flask/number of cells in the solvent flask x 100. A concentration causing greater than
50% reduction in RCG and/or RMI was selected as the highest test concentration for the
chromosome aberration assay. In addition, three or more lower concentrations were
included in the assay. The sponsor’s table 1, 2, and 3 (shown below) summarizes the
results of the mitotic index range-finding test. As indicated in the above mentioned
tables, substantial toxicity >50% were noted at 4 hrs in the presence and absence of the
metabolic activation and in the absence of metabolic activation at 20 hrs with 29.9
ug/mL. The osmolarity of the solvent in the treatment medium was 280 mmol/kg and is
considered acceptable (because osmolarity of the solvent was <20 %).

Negative controls: The solvent control was water; the test article was diluted with water
for solubility purposes. The untreated controls were treated with water alone.

Positive controls: Mitomycin-C. (MMC) and Cyclophosphamide (CP) were dissolved in
sterile water and diluted to 0.1 and 0.2 pg/mL (MMC) and 10 and 20 pg/mL (CP) stock
solutions.
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Incubation and sampling times: In the non-activated and activated systems, the cultures
were treated for 4 hours, the medium removed and the cells were treated with PBS
containing Ca>* and Mg”* for an additional 20 hours prior to harvest. In the confirmatory
assay, the cells were treated with . HCI for 4 and 20 hours without
metabolic activation and 4 hrs with metabolic activation. '

Results

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): The following criteria for a valid assay were employed: 1) the percentage of cells
with aberrations in the solvent control should not have exceeded 4%, 2) the positive
control should produce at least 25% of the cells with one or more chromosome
aberrations, and 3) At least one of the test concentrations scored should show greater than
50% reduction in the relative cell growth and/or relative mitotic index (unless a
maximum soluble concentration or highest allowable dose is reached without apparent
toxicity). The study appears to fulfill the above criteria for a valid study. In addition, the
study appears to be valid as the appropriate positive controls were used, an acceptable
number of mitotic cells were evaluated, and the protocols appear to be consistent with
those described in the OECD Guidelines.

Study outcome: The mitotic indexes for the concentrations used in the definitive
chromosome aberration assay with metabolic activation are presented in the sponsor’s
table 4 and 5 below. Cytotoxicity was 56 % at the highest concentrated tested without
metabolic activation (10 pg/mL); a reduction in the mitotic, index of 29% was seen at this
dose compared to that of the solvent control. As shown in the table 6 below, a'significant
(p<0.01%) increase in structural chromosomal damage was observed at 5 (8.5%), and 10
(16%) pg/mL compared control (1%). Positive control, 10pg/mL CP showed an increase
in structural chromosomal damage of 26%.

The results of the chromosomal aberrations test in the absence of metabolic activation are
presented in sponsor’s table 7, and 8 reproduced on the next page. As noted, the high
concentration tested (5 pg/mL) produced cytotoxicity (49%) with 4 hrs incubation in the
absence of the metabolic activation. At this dose relative mitotic index reduced to 52%.
Three concentrations 1.25, 2.5, and 5 ug/mL were selected for microscopic examinations.
There was a significant increase (p< 0.01) in the structural chromosomal damage
(sponsor’s table 10) in the cells treated s . wm  With all doses. The
percentage increase in the structural chromosomal damage with 0, 1.25, 2.5, 5 pg/mL,
and MMC (0.2 pg/mL) were 0, 3.0, 5.0, 23, and18 respectively. Although the increase at
low and mid dose was within the historical control range, the finding is considered
biologically relevant because of two reasons. Firstly, the increase in the structural
chromosomal aberration is dose responsive and secondly, the increase at high dose is
even higher than the positive control.

Therefore, e ,

, was concluded to be a clastogen under the
present experimental condition.
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PRELIMINARY TOXICITY TEST USING ™= n,
IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION

4 HOUR TREATMENT, 16 HOUR RECOVERY PERIOD

Viable Celf Cell
Treatment Cell Cell Cell/ Growth Growth
(ug/mL) Count Viability Flask Index Inhibition
(x10% %) (x10%) (%) (%)
Water 1.48 100% 1.48 100%
R R R o
0.299 1.60 98% 1.57 106% £%
0.897 1.66 9% 161 109% %
2.99 - 0.96 98% 64% 36%
0.97 63% 7%
0% 100%
o 100%
0% 100%
% 100%
% 100%
ere observed.

ated group/cells per flask control group),

growth index; not calculated for negative

Best Possible Copy

Appears This Way
° On Original

104



Reviewer: Maméta De, Ph.D. NDA No. 21-610 & 21-611

. N
PRELIMINARY TOXICITY TEST USING R
IN THE PRESENCE OF EXOGENOUS METABOLIC ACTIVATION

4 HOUR TREATMENT, 16 HOUR RECOVERY PERIOD

Visble Celt Cell
Treatmen( Cell Cell Celly . Growth Growth
{pg/mL) Count Viability Flask index Inhibition
(x10% %) (x109) ) )
Water 1.44 . 98% 1.41 100%
[ i
0.299 7 179 LO0Y .79 127% 27%
0.897 1.32 % 131 3% %
99 g - 98% 1.16 82% 18%
8.97 [.30 93% T L7 X% 10%
29.9 0.55 + 9.00 % 100%
89.7 0.29 .. 0.00 % 100%
299 016 hid 0.00 [ 100%
897 0.22 .. 0.00 (27 (00%
2990 0.45 .o 0.00 0% 100%

* Due to excessive toxicity, no viable cells were observed.

** No cells were present.

Treatment: CHO cells were treated in the presence of an exogenous source of
metabolic activation for 4 hours at 37£1°C.

Cell Viability: determined by trypan blue dye exclusion.

Viable Cells/Flask = cell count x % viable cells

Cell Growth Index = (cells per flask treated group/cells per flask control group),
cxpressed as a percentage.

Celt Growth lnhibition = 100% - % cell growth index; not calculated for negative
controls.
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On Original
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299 Y 9% 138 103% %
0897 (.35 9% 133 9% 1%
2199 086 9% .85 3% 379

297 40, 99% gtk s8%

3959 .43 . 0:00 0% 100%
£9:7 0:42 e 0.00 0% 100%
299 © 057 o 0.00 %, 100%:
297 0:56 & 0.60 (120 1007

2990 .20 L 000 (.78 100%.

icity;no viable cells wereobserved:

expressed as:a peteentage:
Celt Grovihi Trhibition -
controls.
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Study title: Bacterial Reverse Mutation Assay S e

Key findings: = was tested in the Ames Reverse Mutation
Assay at concentrations of 15, 50 150, 500, 1500, and 5000 pg/plate. There was no
evidence for precipitate at any concentration. Cytotoxicity was observed > 500 pg/plate.
Under the conditions of the study, ] " was concluded to be

v

negative in the bacterial reverse mutation assay.

Study no: AA85SYE.503.BTL

Study type (if not reflected in title): Bacterial Reverse Mutation Assay (Ames
Test)

Volume #, and page #: Volume 3, page 805 (DMF === )
Conducting laboratory and location:

Date of study initiation: January 15, 2004

GLP compliance: : Yes

QA reports: yes{X)no( )

Drug, lot #, radiolabel, and % purity: +B4968P171-R,
Formulation/vehicle: Water was the solvent of choice

Methods: The assay was conducted in two phases using the plate incorporation method.
The first phase was the toxicity-mutation assay used to establish the dose-range for the
mutagenicity assay and get a preliminary mutagenicity evaluation. The second phase was
the mutagenicity assay. Dosing was adjusted to compensate for test article activity.
Tester strain TA98 and TA1537 are reverted from histidine dependence to histidine
independence by frameshift mutagens. Tester strain TA1535 is reverted by mutagens
that cause base pair substitution. Tester strain TA100 is reverted by mutagens that cause
both frameshift and base pair substitution mutations. Specificity in E.coli is sensitive to
base-pair substitution mutations, rather than frameshift.

Strains/species/cell line: Salmonella typhimurium strains TA98, TA100, TA1535
and TA 1537 and Escherichia coli strain WP2 uvrA.
Dose selection criteria: Toxicity and formation of a precipitate.
Basis of dose selection: Doses used in initial toxicity-mutation assay were
2. 5 7 5,25, 75, 200, 600, 1800 and 500 pg/plate for P S
—m=. The test article was soluble and clear in water at the highest
concentrations tested. NO precipitate was observed. Toxicity was seen at
>600 pg/plate. No positive mutagenic responses were observed in any tester
strains either with or without S9 activation. The definitive study therefore
used the maximum recommended concentrations of test article as the basis for
dose selection.
Range finding studies: Initial toxicity-mutation assay
Test agent stability: Result indicated that drug solutions of 0.025 mg/mL and 50
mg/mL in water were stable up to at least~ days under ambient conditions.
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Metabolic activation system: Aroclor 1254-induced rat liver S9 (male). Each
bulk preparation of S9 was assayed for its ability to metabolize 2-
aminoanthracene and 7,12-dimethylbenz(a)anthracene to forms mutagenic to
Salmonella typhimurium TA100. S9 was tested at 10%.
Controls:

Vehicle: Water

Negative controls: Water

Positive controls:

Strain S9 Activation Positive Control Concentration
(pg/plate)
All Salmonella strains Rat 2-aminoanthracene 1.0
WP2uvrA 10
TA98 2-nitrofluorene 1.0
TA100, TA1535 Sodium azide 1.0
TA1537 None 9-aminoacridine 75
WP2 uvrA Methyl 1,000
methanesulfonate -

Comments: Controls are acceptable according to current standards.
Exposure conditions:

Incubation and sampling times: 48 to 72 hours at 37°C

Doses used in definitive study: Concentrations of e

= 15, 50, 150, 500, 1500, and 5000 pg/plate were tested in the definitive

assay

Study design: Plate incorporation method as described above.
Analysis:

No. of replicates: 3

Counting method: Either entirely by automated colony counter or entlrely by

hand (microscope).
Criteria for positive results: Test article was considered positive if it caused a
dose-dependent increase in the mean revertants per plate of at Jeast one tester
strain over a minimum of two increasing concentrations of test article. For strains
TA1535 and TA 1537, increase in mean revertants must be equal to or greater than
three times the mean vehicle control value. For strains TA98, TA100 and
WP2uvrA, increase in mean revertants at peak must be equal to or greater than
two times the mean control value.

Summary of individual study findings:
Study validity: The study appears to be valid for the following reasons: 1) the
appropriate controls were used, 2) the appropriate strains were tested, 3) the
positive control substances produced reliable positive results, 4) the highest
concentration of : tested, reached the maximum
recommended concentration was the molar equivalent of 5,000 pg/plate 5)
Evidence for increase in revertants following positive control treatment was
noted.

113




Reviewer: Mamata De, Ph.D. NDA No. 21-610 & 21-611

Study outcome: No precipitate was observed, cytotoxicity was observed in all

-different strain with 500 pg/plate. - " " === did not produce
any increases in the number of revertants in any tester stain under the conditions
tested. This is in concurrence with the Sponsor's conclusions.
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Study title; Bacterial Reverse Mutation Assay

Key findings: Under the conditions of this study, essss=es====u a5 not genotoxic
either with or without metabolic activation in the Bacterial Reverse Mutation Assay.

Study no.: —— 4 AA85YD.503.BTL
Volume #, and page #: The study was submitted to the DMEF.
Conducting laboratory and location: _—

Date of study initiation: January 15, 2004

""The Sponsor of this study was Mallinckrodt, Inc., St. Louis, MO
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GLP compliance: Yes
QA reports: yes (X) no ()
Drug, lot #, and % purity: ——m——— . Ot B5586P44-R,

determined authentic via IR, MS, NMR and DSC. Purity ranged from == Over
the course of the study period.

Methods

The assay employed the plate incorporation method. Bacterial cultures were incubated
for approximately 48 to 72 hours at 37+2°C. The condition of the bacterial lawn was
evaluated for potential test-article related toxicity. Precipitation of drug was monitored
for visually. Tester strain and test article were incorporated into the top agar layer and
overlayed onto a minimal bottom agar. Plates were inverted and incubated for 48 to 72
hours at 37+£2°C. Potential toxicity due to the test article was examined visually and
scored compared to the vehicle as described in the sponsor's table below:

1 Normal Distinguished by a healthy microcolony lawn.
Slightl Distinguished by a noticeable thinning of the microcolony lawn
2 red%ce{i and possibly a slight increase in the size of the microcolonies
compared to the vehicle control plate.
Moderatel Distithished by a marked thinning of the microcolony lawn
3 Reducedy resulting in a pronounced increase in the size of the
microcolonies compared to the vehicle control late.
Distinguished by an extreme thinning of the microcolony fawn
4 Extremely resulting in an increase in the size of the microcolonies
Reduced compared to the vehicle control plate such that the microcolony
lawn is visible to the unaided eye as isolated colonies.
5 Absent Distinguished by a complete lack of any microcolony lawn over
more than or equal to 90% of the plate.
6 Obscured by | The background bacterial lawn cannot be accurately evaluated
Particulate due to microscopic test article particulate.
Distinguished by precipitate on the plate that is visible to the
Non-Interferin naked eye but any precipitate particles detected by the
NP Pr—eci itate 9 1 automated colony counter total less than or equal to 10% of the
p revertant colony count (e.g., less than or equal to 3 particles on a
plate with 30 revertants).
Distinguished by precipitate on the plate that is visible to the
Interferin naked eye and any precipitate particles detected by the
P Preci itat% automated colony counter exceed 10% of the revertant colony
P count (e.g., more than 3 particles on a plate with 30 revertants).
These plates are counted manually.

Revertant colonies were counted ether entirely by automated colony counter or by hand.
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The identity of the am=———structure in samples and the concentrations of the
formulations of e were verified using high performance liquid
chromatography (HPLC). In addition, drug solutions were determined to stable at room
temperature and 2 or 8°C. '

Strains/species/cell line: Salmonella typhimurium histidine auxotrophs TA98, TA100,

TA1535 and TA 1537 and Escherichia coli WP2uvrA.

All Salmonella 2-aminoanthracene 1.0
Strains Rat == Lot No. 09106PS ’
Exp. Date 14-Sep-2005
WP2uvrA CAS No. 613-13-8; Purity == 10

2-nitrofluorene
s [0t No. 08708HS

TA98 Exp. Date 08-Mar-2006: CAS No. 607-57-8 1.0

Purity e

sodium azide
TA100, e . 1LOt NO. 073K 0119

TAIS3S Exp. Date 07-Jan-2009: CAS No. 26628-22-8 1.0
Purity e,
None - —
9-aminoacridine
TA1537 oo 1. Ot NO. 106F06681
Exp. Date 08-Nov-2004: CAS No. 90-45-9 75
Purity e,
methyl methanesulfonate
b e | LOt NO. 04115KA
WP2 uvrA Exp. Date 04-Sep-2005; CAS No. 66-27-3 1,000

Purity o

Doses used in definitive study: The confirmatory assay examined 6 concentrations of
test article, each plated in triplicate.

Basis of dose selection: Final doses were chosen based upon an initial toxicity-mutation
assay with preliminary mutagenicity evaluation. Bacterial lawn was evaluated of test
article toxicity via the dissecting microscope. There were no solubility problems at the
limit dose of 50 mg/mL.

Negative controls: Water

Positive controls: See table above.

Incubation and sampling times: Plates were incubated for 48-72 hours.
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Results: The results of the initial toxicity/mutagenicity study are presented in the
sponsor's table 21 reproduced below:
Bagterial Mutatlon Rspay
Sunmary of Basmults ~ Initial Texicity-Hutation Assxy
Table 21

Tagt Article Id ;  ee————mmmmeet
Btudy Nuosber _|mm5n:m mm imenl:m:alv

Avarags Ewvertants Par ¥late 3 Srandard Devigtion
Liver Microscoxs: Hone

pese {(uafplatal  TASE TALEG TALE3S TALS3? WER uvih
Vahicls 22 + 4 182 2 18 35 =x 3 T 0 1%z 1
2.5 15 & 6 182 + 23 21 * [ 7 % & 18 4 )
7.5 15 ¢ 2 14% ¢ 10 27 & L & 2 2z €
25 20 ¢+ 2 151 2 l8x 2 7+ 3 R+ &
TS 0 £ 2 155 x 4 201% 2 Ty t W &
260 12+ 5 153 x 18 & g L 7+ 2 W+ 2
600 12 3 2 M7z 24 g 3 L 3F ™ 9 3 % Q
1400 €% 1 3™Mzx 1 T+ 1 1+ @ 6+ 1
5000 0z 4 8 =+ g o % Q 9 x 9 0 % (¢}
roaltive 121 & 2 B7M & Y% 330 3 0O 629 ¢+ 11 108 + 12
Liver Microgomes; Eat livex 52

Doas {pgfplate)  TASE THLOD _Th1%3s TALE37  WPZ uvxk
Yehiele 29 £ 2 128 % 3 18 3¢ 1 5§+ 0 2% % o
2.5 27 & 3 154 x 20 183 + 1 2+ 1 0% 2
1.5 33+ 8 1254+ 35 15+ 1 g 1 18z 1
2% 34 + T 145 x & 18z 2 5% 3 24+ 1
75 a5 £ I 10 ¥ 13 % 1 3% 1 153 &
200 27 & 1 188 + 11 15 % 1 7T % 1 27 + 3
11} i 24 ¢ 5 161 x 1 8 1 €+ & 18+ 4
1800 1§ £ 1 105 x 13 Bz & 2 1 5+ 3
5000 dx 0 0z 0 6z O nE O 0% 0
Boaitive 234 3 100 581 & 1 1408 3 1 148 £ 25 842 § 198
vehicla = vshicls Control '
Pooitive = Posltiwe Coatrel (50 plL plating wl{pict)

Plating aliquot: 100 al

Best Possible Copy

The data from the table above indicate that concentrations of 600, 1800 and 5000
ug/plate produced toxicity either with or without metabolic activation with S9. There
was no evidence of mutagenicity in any strain tested under these conditions. Although
toxicity was noted at 5000 ng/plate, the limit dose was repeated for the confirmatory
assay.

Study validity (comment on replicates, counting method, criteria for positive results,
etc.): The sponsor indicated that positive result should demonstrate dose-related increase
in the mean revertants per plate of at least one tester strain over at least two increasing
concentrations. For strains TA1535 and TA1537, a positive response required an
increase in mean revertants at the peak of the dose response of at least 3 times the mean
vehicle control value. For the other strains, a positive required an increase of at least 2-
fold compared to controls.
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According to the sponsor, study validity was established as follows:

All Salmonella tester strain cultures must demonstrate the presence of the deep
rough mutation (rfa) and the deletion in the uvrB gene.

Cultures of tester strains TA98 and TA100 must demonstrate the presence of the
pKMI01 plasmid R-factor.

All WP2 uvrA cultures must demonstrate the deletion in the uvrA gene. All
cultures must demonstrate the characteristic mean number of spontaneous
revertants in the vehicle controls as follows (inclusive): TA98, 10 - 50; TA100, 80
-240; TA1535, 5 - 45; TAIS37,3 - 21 ; WP2 uvrA, 10-60.

The mean of each positive control must exhibit at least a 3.0-fold increase in the
number of revertants over the mean value of the respective vehicle control.

A minimum of three non-toxic dose levels is required to evaluate assay data.

A dose level is considered toxic if one or both of the following criteria are met:
(1) A >50 % reduction in the mean number of revertants per plate as compared to
the mean vehicle control value. This reduction must be accompanied by an abrupt
dose-dependent drop in the revertant count.

At least a moderate reduction in the background lawn (background lawn code 3, 4
or 5).

Study outcome: The results of the confirmatory mutagenidity assay are reproduced in
the sponsor's summary table 22 reproduced below. The results indicate that the test

article

e Was not mutagenic either with or without metabolic activation

under the conditions tested.
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Eaxcterial Houtation Aszmy
Surmary of Results - Confirmitery Hutaganiciry Acway

Table 22

Tegt Article Id x T —
Etudy Rrnber = BABSYD, 505 . BTN Experivant Po 1 B2
Xvarage Ravercmnty Pay Plabe 4 Btendard Deviacion
Liver Microsomes:; Nons .

Doae (pg/plate) TASH ThR1GH TAL%35 TAL537 WPZ uvrh
Vahicle 11+ 2 1602 % 19 3 1 3¢ 1 Wt 2
1% 1s + 3 167+ 13 17 3 2 E+ 2 181 2
k0 15+ 3 AF1 ¢ 3 17 % 1 5% 1 164+ 3
180 133 1 1554 4 162 1 4 1 124 &
=00 1M 2 1768 ¢ 9 15 x 3 4+ 1 12 2
3500 74 1 87% 1¢ Bz 2 3z @ e+ 1
5000 gz 0O 01 a 0 0 2+« B tx @
Positive 164 # 33 603 ¢ 323 372 & 10 486 & Y1 138 & &

Livar Micxosocmesg: Rat livexr 85

Do & {pgfilltl:l TAS8 muo__ ~ TR1535 TALIBYT Wed uvrh
Vaehicla 24 & 4 155 g 14 11 + 2 B 3 3 14 & 3
18 aT x 2 149 g 13 2 £ & 1 19 ¢ 2
50 a8 % 3 158 ¢ 16 1l 1 8+ & 16 ¢ 5
1540 28 % 4 153 3 17 pL B 3 L 2 13 + 2
504 a3 % 5 141 ¢ 15 10 & 2 5 ¢ 4 11 =+ 2
ix00 10 3 1 116 3 13 8 % 2 2 % 1 A+ z
L1:1:1- 208 6+ G 0% 0 [ ] g+ 0 B+ 0
Fonitive 1398 4 RBY 1E9E & 274 151 ¢ 7 166+ ¢ WGE & 5O

Vahlicla ~ Vehiols Control
Poaitive = Positlve Comtrel (50 gL plaking aliquot)
Plating aliquet: 100 gL

Study title: In Vitro Mammalian Chromosome Aberration Test o=
Key findings: Under the conditions of the assay, e=====w= \as negative for the

induction of structural and numerical chromosome aberrations in the in vitro mammalian
chromosome aberration assay using human peripheral blood lymphocytes.

Study no.: e Study? #AA85YD.341.BTL
Volume #, and page #: Study submitted to DMF

Conducting laboratory and location: -

Date of study initiation: January 15, 2004

GLP compliance: Yes

QA reports: yes (X ) no( )

Drug, lot #, and % purity: enem | ot number B5586P44-R,

determined authentic via IR, MS, NMR and DSC. Purity ranged from — ====""". over
the course of the study period.

2 The Sponsor of this study was Mallinkrodt, Inc., St. Louis, MO.
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Methods

Strains/species/cell line: Peripheral blood lymphocytes were obtained from a healthy
non-smoking 45 year old female for the preliminary toxicity assay and from a healthy 27-
year old female for the definitive study. Aroclor 1254-induced rat liver S9 was used as
‘the metabolic activation system. The S9 was prepared from male Sprague-Dawley rats
via a single ip injection of Aroclor 1254, 500 mg/kg, 5 days prior to sacrifice. Each bulk
preparation was assayed for its ability to metabolize 2-aminoanthracene and 7,12-
dlmethyl benz(a)anthracene to forms mutagenic to Salimonella typhimurium TA100. The
was soluble in water.

Doses used in definitive study: Doses for the definitive study are presented below

‘Treatment  Treatment Recovery

Dose levels (ug/mL)

‘Condition  ~ Time Time
Non. 4 hr 16 hr | 1.25,2.5, 5,35, 50, 65, 75
activated 20 hr Ohr |1.25,25,5,10, 15, 20, 25
S9 activated 4 hr 16 hr |5, 10, 20, 35, 50, 65, 75

Basis of dose selection: Dose selection for the definitive study was based upon a
preliminary toxicity assay (reduction of mitotic index relative to solvent control).

The results of the preliminary toxicity study which examined concentrations of

eecememnne U0 10 3200 pg/mL (10 mM, limit dose), are reproduced in the sponsor's table
below. Significant toxicity was demonstrated at concentrations of > 32 pg/mL
e DY @ reduction in the mitotic index of at least 50% relative to control in the
non-activated 4 and 20 hour exposure conditions. In the presence of S9, substantial
toxicity was noted at doses 0f > 96 pg/mL | eewemsecom.

Appears This Way
On Original

120



Reviewer: Mamata De, Ph.D. NDA No. 21-610 & 21-611

Preliminary Toxicity Test Using ———
Metabolic
Activation? No No
Trr’:;?rtr:zgt 4 hours 7 20 hours
MITOTIC | PERCENT MITOTIC | PERCENT
INDEX CHANGE | INDEX CHANGE
(%) (%) (%) (%)
Water 8.4 7.8
e (MQg/ML)
0.32 8.0 -5 8.4 8
0.96 9.0 . 7 8.4 8
3.2 9.2 10 - 8.8 13
9.6 7.2 -14 6.8 -13
32 1.0 -88 0.4 -95
96 0.0 -100 0.0 -100
320 0.0 -100 0.0 -100
960 0.0 -100
3200 0.0 -100

" Negative controls: Water

Positive controls: Mitomycin C (MMC) was used as a positive control in the non-
activated study at final concentrations of 0.3 and 0.6 pg/mL. Cyclophosphamide (CP)
was used as the positive control in the presence of S9 at a final concentration of 20 and
40 pg/mL. One dose from each positive control was chosen for analysis.

Incubation and sampling times: For the preliminary toxicity, the cells were exposed to
solvent control and 9 concentrations of test article for 4 hours both with and without S9
and for 20 hours in the absence of S9. Cells were incubated at 37°C and 5% CO, in air.
After 4 hours treatment cells were washed with calcium and magnesium free phosphate
buffered saline, re-fed and returned to the incubator for an additional 16 hours.
Following treatments, cells were collected by centrifugation, fixed, stained and the
number of mitosis per 500 cells scored was determined. Isolated cells were fixed on
slides for analysis.

Results: The results of the definitive study are provided in the sponsor's Tables 4, 5 and

6 below. In each case, the highest concentration examined was associated with a mitotic

index of just below 5 (50%) indicating that the concentrations examined produced

significant toxicity. Although the positive controls produced a clear clastogenic effect,
mecmmcme  nder the conditions of the assay was not clastogenic.
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TABLE 4

CYTOGENETIC ANALYSIS OF HUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED
WITH g [N THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION

DEFINITIVE ASSAY: 4 HOUR TREATMENT, 20 HOUR HARVEST

Totxl amber of Structies] Aberratioca
Miwgic Severely Avrvoage
Treatment Flask tndex Cellt Scored % Aberrant Cells Gaps __ Cleomatid Chromasame Damagsd Aberrstions
{ug/mL) (%)  Numegdos] Stroctucl Nomedeal  Strocturid Br Ex Br Dk Ring Cells Pex CeB
Watct A 2.0 100 100 Q 1] 0 0 [+ o 0 0 0 Q.000
B 92 100 100 ] 0 ] [+ ¢ 9 0 0 1] 0.000
——y
125 A 86 100 100 L¢] 1 ‘o 1 0 [ 0 ] 0.010
B 8.8 el 100 ¢ [} 0 0 0 2 0 0 Q 0.000
25 A 72 100 100 ¢ Q 0 0 0 a 0 0 (] 0.000
B [ 100 160 0 9 0 0 0 9 6 0 g $4.000
E A 44 10 % o ] 1 ¢ ] g 0 0 [} 0.000
B 46 100 10 L] ] Q [ a e 0 ] (/] 0.000
MMC, A 55 100 50 4] 20 1 k) 8 9 0 @ Q 0220
0.6 B 62 ¥ 50 [ 22 [ ] ¢ 0 0 [} 0240
TABLE 5 .
CYTOGENETIC ANALYSIS OF BUMAN PERIPHERAL BLOOD LYMPHOCYTES TREATED
WITH U IN THE PRESENCE OF EXOGENCGUS METABOLIC ACTIVATION
DEFINITIVE ASSAY: 4 HOUR TREATMENT, 20 HOUR HARVEST
Totat Nutber of Structneal Aberrations
Mitotle : Severcly Averigs
Trestment Flask  Index Cells Scored % Aberrant Cella Gaps __Chromatid Chromosome Damaged Aberrations
{jrgAnl) %) Numerieal Souetarul Numericsl  Stroctural Br Ex Br  Die Ring Cells Pu Cell
Water A 5.8 100 100 0 (1] 0 g g o ¢ ] 0 0.000
B 9.2 100 100 [ 0 [ o 0 9 ¢ L] 0 0,000
T
5 A 8.8 100 100 a o o ] Q 6 0 [ o 0.000
B8 940 100 100 0 0 D] [} ] 0 0 Q9 Q 0.000
10 A 78 100 (00 0 Q 2 ] q 0 0 0 0 0.000
B 76 100 100 1 [} o -] Q o 0 L] 4 0,000
20 A 44 100 108 0 1 1 1 qa o 0 0 [ 0.010
B 48 100 100 0 3 1 1 @ ¢ 9 L] ] 0.010
cr, A 68 1 100 o 14 1] 12 4 [ Y 4 0.160
20 B 6.4 100 100 [ 14 [t} 12 2 i 9 0 0 G.150

Treatwent: Homan peripheral blood lymphacytes were troated for 4 hours st 37 = 12C in the presence of an
exogenous sonrce of metabolic rotivation. Doss Tevels 35, 50, 65 and 75 pg/mlL were not anatyzed due to excessive
toxicity.
Mitstic Index = number mitotic figures x 100/500 cells counted.
% Aberrant Cellg: suimesical inclndes polyploid and endoreduplicased celis; structaral excludes celis with only geps.
Chromatid breaks inctade chromatid snd isochromatid breaks and fragments; chromatid -hange figares (Ex)
Include quadriradinls, niradials and complex rearmengements.
Chromesome bresks inclode breaks snd acentric fragment; Dic, di centric chromosome.
Severely damaged cells includes cellz with one o mose pulverized chromosomes and cells with 10 or more

berrati .

Average Aberrations Per Cell: severely damaged celis and pulverizations were counted a8 10 sberrations.
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TABLE6

CYTOGENETIC ANALYSIS OF HUMAN PERIFHERAL BLOOD LYMPHOCYTES TREATED
WITH e :IN THE ABSENCE OF EXOGENOUS METABOLIC ACTIVATION

DEFINITIVE ASSAY: 20 HOUR TRBATMENT, 20 HOUR HARVEST

Total Muomber of Stroctural Aberration

Mitotic Severely Averigs

Trestment Flask odex Cells Scored % Abergant Cells Qeps __Chromatid Ch e Damaged Abcrrition
{pghmL} ) MNumerical Stkiuns! Nuoseieal Stroctural Br  Ex Br Dit Ring Celis Per Cell
Wider A )02 100 10¢ ] ¢ 1 9 0 0 0 @ : [} 0.000
B 108 100 100 1] ] 0 a 0 [ [ 0 0.000

R

25 A 3B 100 100 0 [ 0 ] 0 LU 0 [] 0.000
B 9.0 100 100 ] ] 0 ] 0 0 0 ¢ 0 0.00¢
5 A 86 100 100 0 1 0 i 0 0 6 ¢ 0 0.010
B 84 100 100. 9 1 0 1 0 0 0 @ 0 0.010
10 A 52 100 100 ] 1 i i 0 ¢ 0 4 0 8,010
) B 48 160 100 [ ] 0 1 0 0o 0 9 0 8010
MMC, A 6.0 160 50 0 26 1 2 11 0 0 Q 0 0260
0.3 | 4 10 6 0 o0 o 0.320

64 100 50 0 26 1

Treatment; Human peripheral blood lymphocytes were treated for 20 hours at 37 + 1°C in the absenoe of an
exogenous source of metabolic astivation. An additional dose level af 1.25 ug/mL was tested a5 2 safoguard egainst
" gxcessive taxivity at highar doss [evels but was not required for microscopic examination. Dose levels 15, 20 and

25 pg/mL were not andlyzed dus to exosssive toxicity,

Mitotis Index = number mitotic figures x 100/500 calls conntad.

% Aberramt Cells: numerisal includes polyploid and endoreduplicated cells; strachual excludes colls with only g2ps.

Chromatid breaks inchude chromatid and isochromatid breaks and fragments; chromatid exchangs figunss (Ex)

inctude quadriradials, triradials and complex resmrangements.

Chromosome breaks include breaks and acentric fragments; Dic, dicentric chromosome.

Seversly damaped cells includes cells with one or more palverized chromosomes snd cells with 10 or more

sbecrations.

Average AberTations Prr Cell: seversly damaged celis and pulverizations were counted a5 10 abermations.
Study validity (comment on replicates, counting method, criteria for positive results,
etc.): The Sponsor's criteria for a valid test noted that the frequency of cells with
structural chromosome aberrations in the solvent controls must be within historical
controls. For a positive response, the % of cells with chromosome aberrations in the

positive control must be statistically increased relative to solvent control.

COMMENT: Statistical significance alone is not an adequate criterion for a
valid study; however, the study does appear to be valid.

Study outcome: The overall results of the study are summarized in the table below,
reproduced from the sponsor's study report.
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TABLE7
SUMMARY
Masa Abeamtions Cails With Aberrations
Trestroent 59 Troeument  Mioto Célls Scored Per Cell Nomerical  Structnal
Mgftol Activadon Time [ndex  Numevical  Structural (Mean +-8D) (% (%)
Water 59 4 9. 20 200 0000  0.000 00 0.6
SRRt
125 59 4 3.7 200 2040 0005 H07 00 0.5
25 -89 4 70 200 200 0000 00600 0.0 0.0
5 59 4 45 200 200 0000 #0000 0.0 04
MMC, -59 4 59 200 100 0230 40468 00 21.0%%
a6
Water +89 4 95 200 200 0000 0400 0.0 6.0
T ——
5 +89 4 a9 200 200 0000 20000 o0 0.0
10 +89 4 75 200 200 9000 0000 0.5 L2}
20 +89 4 46 200 200 0010 =000 a0 1.0
e, +89 4 66 200 200 0,155 #0402 0.0 14.0%+
20
Weter 58 20 105 200 200 0000 20000 0.0 0.0
P ——
2.5 59 20 %9 200 200 4000 20.000 0.0 0.0
5 89 20 &S 200 200 8010 20100 0.0 1.0
16 59 20 50 200 200 0010 20100 0.0 10
MMC, -89 20 62 200 100 0290 #0518 0.0 26,04
0.3

Trertment: Cells from all treatment conditions were harvestad at 20 hours after the initistion of the
treatmenis.

Aberrations per Cell: Severaly damaged cclls were counted as 10 aberrations.

Percent Aberrant Celfy: *, p<0,05; **, ps0.01; naing the Fishsr's exact test.
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Conclusions and Recommendations

The DMF holder submitted two in vitro genetic toxicology studies for =
mememnmemw 3 drug substance impurity that contains an -

structure, i.e., a structural alert for mutagenicity. The results of this minimal genetic

toxicology screen were negative for the === impurity. Therefore, as previously

communicated to the sponsor, the levels of this impurity have been adequately qualified.

2.6.6.5 Carcinogenicity

Study title: A 2-Year Oral Gavage Carcinogenicity Study of Oxymorphone- HCI In
The Albino Mouse.

Key study findings:

e A 2-year mouse carcinogenicity study was conducted in CD-1 mice with
oxymorphone HCL administration by oral gavage using 10, 25, 75, and 150
mg/kg/day doses for males and females.

e The clinical signs of self-mutilation of the skin, excessive grooming, and skin
lesions were noted. There was an increase in mortality at intermediate high and
high dose in male mice. In addition, a decrease in body weight was noted in all
treatment groups >10 mg/kg/day indicating MTD has been reached in this study.
Findings of the gross pathological observation included dilation of the pelvis,
ureters, and urinary bladder wall in-male mice receiving 75 or 150 mg/kg/day of
oxymorphone HCI at an incidence that was greater than either controls or lower
dose groups. Protrusion of the penis, commonly associated with obstructive
uropathy, was also increased in males at these doses (75 and 150 mg/kg/day).
Similar changes in the urinary bladder and pelvis were noted in females at the
high dose. '

¢ Animals from the 75 and 150 mg/kg/day dosage groups showed increased
incidence and severity of urogenital tract lesions consistent with obstructive
uropathy. This incidence was more prominent in males than in females and was
associated with preterminal morbidity. In male animals, some marginal increase
was noted in transitional cell hyperplasia of the urinary bladder. In female
animals an increase was noted in subepithelial edema and/or connective tissue
thickening. The findings are treatment related and might be correlated with the
primary pharmacological function associated with urinary retention in animals.

» Increased incidences of prostate and seminal vesicular inflammation were also
noted in high and high-intermediate dose group male animals.

» No evidence of carcinogenic potential was observed in mice. Although not
statistically significant nor dose-dependent, there was an increase incidence of
malignant lymphoma in several treatment groups compared to controls. The
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incidence was higher in females than males that may be due to the higher
exposure of the compound in females.

¢ The dose for human will be titrated based on individual need. The systemic drug
exposure (AUC ngeh/mL) at the 10 mg/kg/day in mice was 0.35x (in males) and
0.42x (in females) times the human exposure at a dose of 260 mg (the dose for
human needs to be titrated based on individual needs).

Adequacy of the carcinogenicity study and appropriateness of the test model: CD-1
mice were dosed once daily by oral gavage with oxymorphone HCI at doses of 10, 25,
75, and 150 mg/kg/day for males and females. The test model (CD-1 mice) is
appropriate because the mouse is a universal model routinely used for evaluating the
toxicity and carcinogenicity of varjous classes of chemicals and for which thére is a large
historical database. The study was adequate because the study duration met the
regulatory required duration for carcinogenicity studies (104 weeks), the doses evaluated
were judged to have reached the MTD based on mortality in high dose group males and
decrease in body weight in males and females.

Evaluation of tumor findings:

There was a greater incidence of malignant lymphoma in the low-mid dose and high-mid
dose treatment groups compared to controls. However, the incidence in the high-dose
group was below that of the control group, and therefore not dose-dependent or
statistically significant. The historical control data from the == laboratories for male
and female mice showed incidence of spontaneous malignant lymphoma is high 62/805
(7%) in males and 175/805 (21%) in females. In contrast, the historical control data from

~=—====="laboratories show incidence of malignant lymphoma in males and females
of 3/2874 (0.1%) and 317/3192 (9%) respectively.

Opioids have a well documented effect on the immune cells. In the present study a
distinct change in the monocyte/lymphocyte percent was noted at termination. In the rat
carcinogenicity study malignant lymphoma was noted.

Dr Moh Jee Ng reviewed the statistical analysis of the tumor findings, the tables
(showing neoplastic data) incorporated in the review is adapted from DR. Ng’s analysis.

Study no.: w=e==' Project No: 77070

Volume # and page #: EDR; Page 3000-6149
Conducting laboratory and location:
Date of study initiation: August 15, 2002
GLP compliance: Yes

QA report: Yes

Drug, lot #, and % purity: Mallinckrodt D04069 (NCH Sample ID: 103941A),
Mallinckrodt C03785 (======d ot No.: 010232; ammm= Sample

ID 84503A); Purity: s

CAC concurrence: NO
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Methods
Doses: Males and Females: 10, 25, 75, and 150 mg/kg/day.

Basis of dose selection (MTD, MFD, AUC etc.): The dose selection was based
on MTD, and eCAC concurrence was obtained prior to study initiation.

Species/strain: = CD-1e(ICR) BR

Number/sex/group (main study): 65/ sex/group

Route, formulation, volume: Oral gavage, the compound was formulated in
clear Watel  emmmemmeme===e - and 5 mL/kg/day was administered daily via oral
gavage. '

Frequency of dosing: Daily

Satellite groups used for toxicokinetics or special groups: 23/sex/group

Age: Approximately 6-8 weeks old.

Animal housing: 1/sex/ in suspended stainless steel cage with bedding,
temperature 18-26°C and relative humidity 30-70%, a minimum of 10 air
changes/hour 10%. Lighting cycle 12 hours light/12 hours dark per 24 hours.
Water and food (rodent diet: em==______ pellets) were given ad libitum.

Restri_ction paradigm for dietary restriction studies: None.

Drug stability/homogeneity: Dose formulations were determined by the

Sponsor to be stable for «==days at 0.01, 1 and 50 mg/mL under ambient
conditions.

Stability of the compound in the dosing solutions was determined at intervals for
at least ==days of refrigeration (2 to 8°C) storage and 8 hours at room
temperature. Dose analyses results indicated that all dose formulations were
within & 5% of target appropriate for use on study.

Dual controls employed: No, but 100 animals were used in the control group.

Study Design:

The protocol employed a dose-escalation phase in order reach higher exposures of
the opioid. All the animals from the treatment group were dosed with 10
mg/kg/day in the first week of the study; this dose is known as a tolerated dose in
mice. The dose escalation procedures is illustrated in the table below, reproduced
from the sponsor’s submission.
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Doze Level Animal Namber
(g/kg/day) Main Study Toxicokinetic™
Group No. Week | Week | Week | Weeks Males Females Males Females
Identification 1 2 3 14-14
1. Vehicte 0 0 0 ] 1001-1048, | 15011518, - -
1150-1101 1520-1598,
Control _ 1600-1602
2. Oxymorphene 10 10 10 10 2001-2010, 25012565 2066-2088 | 2566-2583,
Hydrochloride 2012262(9)65, - 2585-2589
3. Oxymorphone 10 25 25 25 3001-3065 3501-3511, 3066-3088 | 35663588
- 3513-3565,
Hydrochloride 3500
4. Oxymorphone 10 25 5 75 A001-4065 45014565 40664088 | 45664588
Hydrochloride
5. Oxymorphone 10 25 75 150 5001-5015, 5501-5565 3066-5088 | 5366-5588
. 5017-5034,
Hydrochloride 5038-5065,
5089, 5090
6. Health Screen 0 0 0 i} 6001-6010 65016510 - -

euthanized following Week 26 foxicokinetic blood collection
a reserve of 5 animals/sex/group was maintained until Week 26 to be sampled from in the event of vnexpected
deaths during the toxicokinetic samphing schednle

Interim sacrifices: None

Deviations from original study protocol: None

Observation times:

Mortality: The animals were observed twice daily for mortality and moribundity.
Clinical signs: The animals were observed twice daily for clinical signs.

Body weights: Body weights were recorded once pre treatment and weekly throughout
the treatment period.

Food consumption: Food consumption was measured individually and recorded weekly
throughout the study.

Histopathology: Peer review: Yes;

Toxicokinetics: During Week 26 of the treatment period, blood samples (0.5 mL) were
collected into heparinized tubes from 5 toxicokinetic animals/sex/Groups 2-4/time point
at nominally 0 (predose), 0.5, 1, 2, 4, 8, 16, and 24 hours post dose.

Results

Mortality:
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As shown in the table below the mortality rate for male mice was higher than the controls
in the 75 and 100 mg/kg/day treated groups from Week-78. However, a dose related
increase in the survival rate was observed in the male mice treated 10 and 25 mg/kg/day
from Week-79. At Week-103, the number of male mice survived from the high, medium
high, medium low, low and control dose group was 37, 42, 65, 63, and 50 respectively.
The increase in the survival rate was observed in the female mice from Week 53. This
trend for the higher survival rate in the female rats (see table below) continued up to the
end of the experimental period. At Week 103, the number of female mice survived from
the high, medium high, medium low, and control dose group was 46, 55, 52, 57, and 38
respectively.

_An increase in the incidence of obstructive uropathy and renal inflammatory changes was
described as major cause of death in male mice. In female mice there was some evidence
of an treatment effect at the highest dosage level, the major cause of death is histiocytic
sarcoma which was observed at a higher incidence in control and the malignant
lymphoma the incidence of which may be considered as dose related (5.8/65, 8/65, 11/65
10/65, and 12/65 in the control, low, low mid, high mid, and high dose respectively) in
females.

b

Other spontaneous causes of death were hepatocellular tumors and amyloidosis. A
reduction in amyloidosis as a cause of death was present in male animals at the higher
dose levels.

Cumulative Survival (%.) in Mice

Weeks 0- 52
53- 78 13 £0 C 4 )
79 - 91 62 75 79 57.. 54 54 71 80 77 71.
92 - 103 50 63 65 2 1 37 38 57 52 55 46
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) | 2 3 4 5 [ 2 2 k| 4 &
Miceper gromp - W 55 & 465 6 [ &8 & 6 6
Wumbier of preterminal desths 50 ¥ XM ¥ 4|6 W 3 W I
Carse of death not determined 5 3 5 1w 7 & 4 i 9
Lymphomafnstiocytic sreomat B 4 5 5 1 N 9 m
Pulmnary hemenrs 7 3 - — —13 i — 3 —
Lives torens 3 2 2 i - - - — -
Mammary tummenrs —_ = = = — 3} — 1 4 2
Herangsacmnat 3 —_— = - — 1 —_ 1 — i
Other neoghams 1 — — — — |7 4 3 4 2.
AmrryTeidnsis 13 4 3 4 % 2 3 5 E 1
Chstructive urepratiy ] 7 7 13 ¥ - - — — 3
Glomendemeymgatiny s I 1 — — —}7 1 1 — 1
Pyelitispredoceplitis wr. — i 2 2 4 /1 — — 1 1 3
Orther non-necplastic kesims 3 1 —_ 5 2 15 5 [ 4 2

Best Possible Copy

Clinical signs:

All treatment groups displayed clinical signs typical of a potent opioid. These include
dilated pupils, circling, self-biting, excess grooming, licking and/or scratching. Other
treatment-related clinical signs included oily fur (primarily cervical, cranial and
interscapular) and yellow fur staining (many sites). An increased incidence of protruding
penis and other urogenital findings (skin lesions, swelling, redness of penis, prepuce
and/or scrotum) in treated males were likely related to pharmacologically-mediated
urinary retention. Clinical signs (thin fur cover, severed tail, various skin lesions/scabs)
were also observed, these changes might have resulted from the self mutilation.

Body weights:

Oxymorphone treatment resulted in statistically significant reductions in mean body
weight compared to controls generally throughout the treatment period at all doses. In
males, mean body weight at Week 104 was 98%, 91%, 93% and 93% of controls at 10,
25,75 and 150 mg/kg/day, respectively. Corresponding mean absolute body weight gain
over the treatment period (Week -1 to 104) was 94%, 63%, 72% and 78% of the controls.
In females, mean body weight at Week 104 was 91%, 87%, 87% and 86% of controls at
10, 25, 75 and 150 mg/kg/day, respectively. Corresponding mean absolute body weight
gain over the treatment period (Week -1 to 104) was 74%, 65%, 66% and 64% of the
controls. '

Mean Body Weight (%) for MICE

130



Reviewer: Mamata De, Ph.D. NDA No. 21-610 & 21-611

Male 0 mg/kg/day 30.76 38.71 7.95
10 mg/kg/day 29.80 37.81 8.01 1
© 25 mg/kg/day 29.97 35.22 5.25 -34
75 mg/kg/day 30.22 35.87 5.65 -29
150 mg/kg/day 30.16 35.89 5.73 -28
Female 0 mg/kg/day 23.71 36.23 12.46
10 mg/kg/day 22.76 32.82 10.06 -19
25 mg/kg/day 22.49 31.37 8.88 -29
75 mg/kg/day 23.19 31.53 8.34 -33
150 mg/kg/day 22.19 31.02 8.83 -29

Group Maan Boty Yelghits - Mzl

Lo SR~ B N O B - (R

—é—Goup 1 - Vehide Cordenl ~-{oug 2 - Cepmorptons ydrochionioe (150 10 motg sy
—#i—(oup 3- Cwamphonz hydochkaide (RG] 25piptiny  —s=~Groun 4 - Capenomhene pdmdikaioe (0] 75 mplgiim
—i—{imun 5 - Cewnotonz: admddatte TG 150 makadary

Best Possible Copy
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Food consumption:

The changes in food consumption in males and females were variable throughout the
experimental period. There was a statistically significant (P=0.05-0.001) decrease in food
consumption in males and females between Week 5 and 14 in all dose groups. The food
consumption was close to the control animals after Week 20 in both males and females from all
dose groups. The food consumption decreased again significantly in all treatment groups around
Week 50-62. No statistically significant differences in the food consumption between treatment
groups from Week 70 until the end of the experimental period.

Hematology: '

The hematological parameters were assessed at Week-52 and Week-103. As evident from the
table below there were not much changes in the WBC --related parameters in Week-52. There
was a significant decrease in monocyte counts at termination in both males (60%) and females
(51%). A decrease in lymphocytes was also apparent at termination in males and females. The
decrease in lymphocytes and monocyies were also seen at Week-52 but the changes were less
prominent. An increase in the mean neutrophil percent was seen in males and females at Week
52 and Week 103; however, the changes were more prominent at termination. Circulating
neutrophils are known to increase with stress which may be associated with long term
administration of the compound. The decrease in monocytes and lymphocytes may be associated
with the known effect of morphine and the related compounds on the immune system. The
clinical relevance of the findings is not known.

Hematological Changes at Week 52

Parameters Low Medium Low Medium High High
Male Female Male Female Male Female Male Female
Neutrophil (%) NC NC N3T 4NCT 67 ED 147 127
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Lymphocyte (%) NC 6 N4d N5J 9l 64 104 8l
Monocyte (%) NC NC NC NC NC NC 320 NC
NC: No change
Hematological Changes at Week 103
Parameters Low Medium Low Medium High High
Male Female Male Female Male Female Male Female
Neutrophil (%) 14T 7T 167 1t 247 ED 25T 217
Lymphocyte (%) 124 NC 13) 154 20] 144 2l 154
Monocyte (%) 29+ 274 29+ 24 s2xd 29+ 60*l 514

NC: No change

*Statistically significant P=0.001

Ophthalmoscopy:

There were no ophthalmological findings in mouse.

Gross pathology:

Dilation of the pelvis, ureters, and urinary bladder wall was observed in male mice
receiving 75 or150 mg/kg/day of oxymorphone HCl than in controls or lower dose
groups. Protrusion of the penis, commonly associated with obstructive uropathy, was also
increased in males at this dose. Similar changes in the urinary bladder and pelvis were
noted in females at high dose.

In male mice receiving 75 or 150 mg/kg/day of oxymorphone HCI a reduction in thymic
size was recorded more frequently than in control or lower dose group animals.

Appears This Way
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Histopathology: .
Best Possible Copy

Neoplastic.

There was an apparent increased incidence of malignant lymphoma in treatment group in
general compared to controls. The incidence was higher in females than males may be
due to the higher exposure of the compound in females. The finding is not always dose
related, nor statistically significant. The historical control data from the: ————=
laboratories for male and female mice showed incidence of spontaneous malignant
lymphoma is high 62/805 (7%) in males and 175/805 (21%) in females. The historical
control data from the =~ ~———— laboratories show incidence of malignant lymphoma
in males and females are 3/2874 (0.1%) and 317/3192 (9%) respectively. Morphine and
related substances have well documented effects on immune cells. In the present study a
distinct change in the monocyte/lymphocyte percent was noted at termination. In the rat
study malignant lymphoma was also noted. The present finding was not statistically
significant and discussed by the sponsor as a common tumor finding as noted in the
historical control data. As mentioned above the compound has known pharmacologic
effect on the hematological cell population, a higher incidence of malignant lymphoma is
noted in treatment groups compare to controls, and similar findings were noted in other
species.
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Source data: dataset received on 3/22/2006, analysis data RIM1M and F56919
t: p-value presents for dose groups CD, LD, MD and HD trend.

Non Neoplastic: Best Possible Ccopy

Animals from the 75 and 150 mg/kg/day dosage groups showed increased incidence and
severity of urogenital tract lesions consistent with obstructive uropathy.

These animals were found to have renal pelvic dilatation, renal tubular dilatation, pyelitis/
pyelonephritis, dilatation of the ureters with or without inflammation, and dilatation of
the urinary bladder with or without inflammation. This incidence was more prominent in
males than in females and was associated with preterminal morbidity. In male animals
some marginal increase was noted in transitional cell hyperplasia of the urinary bladder,
although this may have been a secondary response to dilatation, inflammation and urinary
retention. In female animals an increase was noted in subepithelial edema and/or
connective tissue thickening. The findings are treatment related and might be correlated
with the primary pharmacological function associated with urinary retention in animals.

Increased incidences of prostate and seminal vesicular inflammation were also noted in
high and high-intermediate dose group male animals.
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Toxicokinetics: The exposure especially the Cmax was higher in all dose groups in
females compare to that of males. The increase in Cmax and AUC is generally dose
proportional however, at lower doses the increase is more than dose proportional. An
increase in dose from 10-25 mg/kg/day (2.5 fold) gave rise to about 4 fold increase in
Cmax and AUC in males. In females, an increase in dose from 10-25 mg/kg/day (2.5
fold) gave rise to about 8 and 5 fold increase in Cmax and AUC respectively. A 6 fold
increase in dose in males, (from 25-150 mg/kg/day) resulted in 6 and 10 fold increase in
Cmax and AUC respectively. A 6 fold increase in dose in females, (from 25-150

- mg/kg/day) resulted in 5 and 12 fold increase in Cmax and AUC respectively.

Summary of Toxicokinetics Findings:

Parameters Low Medium Low Medium High High
(10 mg/kg) (25 mg/kg) (75 mg/kg) (150 mg/kg)
Male | Female | Male | Female | Male | Female | Male | Female
Cmax (ng/mL) 37 31 142 248 325 432 919 1249
Tmax (hr) 1 2 1 1 1 1 1 !
AUC (0-24 h) 98 116 371 523 1040 1758 4002 | 4767
ng.h/mL

Study title: A 2-Year Oral Gavage Carcinogenicity Study Of Oxymorphone- HC] In
The Albino Rats

Key study findings:

¢ A 104 week carcinogenicity study was performed in SR rats by oral gavage. The
doses administered in the male and females rats were 2.5, 5, and 10 mg/kg/day
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and 5, 10, and 25 mg/kg/day respectively. There was a decrease in the body
weight 210 gm in all doses in males and females indicating that the MTD has
been achieved in this experiment.

e Ophthalmological and histopathlogical observation noted increased eye lesions
including corneal inflammation and retinal degeneration in all doses in females
and mid and high dose in males, the incident is considered treatment related.

o Gross pathological findings included pale and raised area in lungs in both males
and females, histopathological findings in lung include increased histiocyte
infiltration and increase incidence of granuloma/inflammation in both males and
females. The lung is a target organ for the compound and the findings observed
are dose related, therefore, the effect is considered treatment related.

¢ Histopathological findings in skin showed dose related increase in the incidence
of ulceration and scabs which may have resulted from self mutilation and-
excessive licking as observed in the clinical signs; the finding is considered
treatment related. The clinical signs observed are known non clinical
manifestations of morphine and related compounds; however, the clinical
relevance of the findings is not known.

¢ Neoplastic lesion findings include malignant lymphoma in male rat (1/100 in
control vs 4/65 in 10 mg/kg), kidney tubular cell adenoma in males rats (0/100 in

~ control vs 2/65 at high dose), all body leiomyoma in female rats (0/100 in. control
vs 3/65 at high dose) and all body squamous cell carcinoma in males (2/100 in
control, 4/65, 2/65, and 4/65 at low, mid, and high dose respectively) and females
(0/100, 2/65, 2/65, and 3/65 in control, low, mid, and high dose respectively), and
all body leiomyoma in females(0/100 in control vs 3/65 at high dose) . The
lymphoma and adenoma in the tubular cell in the kidney and the skin carcinoma is
considered as neoplastic finding related to the target organ of toxicity and
historical control data showed that the tumors observed in the above mentioned
organs are in the borderline range and can not be considered as common tumor.

e The dose for human will be titrated based on individual need. For the opioid
tolerant patient maximum dose tested was 260 mg AUC (ng.h/mL) =273. At 10
mg/kg in rat different tumor incidences were noted. At 10 mg/kg the AUCs
(ng.h/mL) were 93 and 415 in male and female rats respectively. The safety ratio
in human exposure for tumor incidences compare to rat is 0.34x and 1.5x in males
and females respectively.

Moh Jee Ng reviewed the statistical analysis of the tumor findings, the tables (showing
neoplastic data) incorporated in the review is adapted from Ng’s analysis.

Study no.: =mess==Project No: 77069

Volume # and page #: EDR; Page 1-3000

Conducting laboratory and location: e |

Date of study initiation: July 25, 2002

GLP compliance: Yes

QA report: Yes

Drug, lot #, and % purity: ————— D04069 (&= Sample ID: 103941A)

3
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=7 C03785 \ mmemmmme Lot No.: 010232; amem= Sample

ID 84503A); Purity:

CAC concurrence: NO

Methods
Doses: Males: 2.5, 5, 10 mg/kg/day. Females: 5, 10, 25 mg/kg/day

Basis of dose sélection (MTD, MFD, AUC etc.): The dose selection was based
on MTD.

Species/strain: Sprague Dawley Rats

Number/sex/group (main study): 65/sex/group

Route, formulation, volume: Oral gavage, the compound was formulated in
clear water , === ) and 5 mL/kg/day was administered daily via oral
gavage

Frequency of dosing: Daily

Satellite groups used for toxicokinetics or special groups: 12/sex/group

Age: Approximately 6-8 weeks old

Animal housing: 1/sex/ in suspended stainless steel cage with bedding,
temperature 18-26°C and relative humidity 30-70%, a minimum of 10 air
changes/hour 10%. Lighting cycle 12 hours light/12 hours dark per 24 hours.
Water and food (rodent diet: === Teklad pellets) were given ad libitum.

Restriction paradigm for dietary restriction studies: None.

Drug stability/homogeneity: Dose formulations were determined by the
Sponsor to be stable for - days at 0.01, 1 and 50 mg/mL under ambient
conditions. '

Stability of the compound in the dosing solutions was determined at intervals for
at least == days of refrigeration (2 to 8°C) storage and 8 hours at room
temperature. Dose analyses results indicated that all dose formulations were
within + 5% of target appropriate for use on study

Dual controls employed: No, but 100 animals were used in the control group.

Study Design:
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Deviations from original study protocol: None

Observation times:

Mortality: The animals were observed twice daily for mortality and moribundity.
Clinical signs: The animals were observed twice daily for clinical signs.

Body weights: Body weights were recorded once pre treatment and weekly throughout
the treatment period.

Food consumption: Food consumption was measured individually and recorded weekly
throughout the study. '

‘Histopathology: Peer review: Yes;

Toxicokinetics: During Week 26 of the treatment period, blood samples (0.5 mL) were
collected into heparinized tubes from 3 toxicokinetic animals/sex/time point at nominally
0 (predose), 0.5, 1, 2, 4, 8, 12, and 24 hours post dose.

Results

Mortality:

As shown in the table below the survival rate for male rats was higher in the controls
than that of the treated groups up to Week-78. However, a dose related increase in the
survival rate was observed in the male rats from Week-79. At Week-103, the number
of male rats survived from the high, medium, low and control dose group was 60, 48,
43, and 38 respectively. The increase in the survival rate was observed in the female
rats from Week 53. This trend for the higher survival rate in the female rats (see table
below) continued up to the end of the experimental period. At Week 103, the number
. of female rats survived from the high, medium, low and control dose group was 57,
40, 34, and 30 respectively. A decreasing trend in the number of chronic progress
nephropathy was observed in the treated male rats when compared to that of the
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controls. The treated male and female rats showed a decrease in the number of the
pituitary tumors compared to those of the controls. The cause of death could not be
determined in 44 males and 33 females. The causes of death for the rest of the animals
were spontaneous in nature.

Mortality (%) in Rats

Cause of Death: Best Possible Copy

Males Frenales
3 2 3 4 1 2 3 4

Rats per group 100 65 65 65 100 65 65 635
Humber of pre-terminal deaths 64 38 35 27 71 43 40 28
Cause of death not determined 13 13 12 6 13 6 9 5
Meoplasfic lesions

Lymphomafstiocyte sarcoma 2 ¥ 2 5 3 —_ 1 —_

Priuitary trmoes 20 5 g & 35 25 20 12

Mammary tronors — — — — g 4 4 7

Subcutaneons tunrors 5 3 4 3 1 1 — 1

Uternne tamors — _ — — 1 3 2 _

Otherneoplasmos ¥i 8 2 4 5 1 2 —
Non-neoplaztic

Chronic Progressive Nephropathy 10 3 — —_ — —

Cardiomyopathy 1 2 1 — — — — —_

Pyelifis/ryelonephritis — — 1 1 —

Other non-neeplastic 4 1 4 2 2 1 2 1
Auccidental death 1 2 — — 2 1 — 2

Clinical signs:

There were no dose related changes in the clinical signs in rats. The behavioral
changes observed in the treated animals were excessive licking/self biting causing
swollen paw, wet fur, thin fur cover, and skin scabs. These clinical signs are related to
the pharmacological effect of Oxymorphone HCl. The biological significance of the
findings is yet to be determined.

Body weigﬁts:

A dose dependent decrease in the mean body weights were observed in both
males and females as shown in the table below. A 10% decrease in body weight
was observed in males and females at 2.5 and 5 mg/kg/day dosing at the end of
the experimental period (Week-103). The decrease in body weight gain noted in
both sexes was believed by the Sponsor to have contributed to the higher
survival rate of treated animals when compared with the control animals. The
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present reviewer agreed with these observations based on the data from different
studies reviewed before.

Mean Body Weight (%) for Rats

Male mg/kg/day R
2.5 mg/kg/day 302.1 697.9 -10
5 mg/kg/day 305.6 649.9 -16
10 mg/kg/day 299.3 5781 . -25
Female | 0 mg/kg/day 2103 501.0
5 mg/kg/day 204.2 455.8 -10
10 mg/kg/day 204.5 385.2 24
25 mg/kg/day 201.5 360.1 -29
Appears This Way

On Original
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FEMALER

A

—&—GROUR 1 - VEHICLE CONTROL —1%— GROUP 2 - GXYMIRPHCHE HYDROCHLORIDE {HCT) 5 mpday
—A—GROUP 3 - DXYRIORPHONE HYDROCHLORIDE (HCT} 10 mpigiday  —X—GROUP 4 - DXYMORFHONE HYERDGHUORIDE (HCY) 25 mampiday

Food Consumption:

There was a statistically significant decrease in food consumption <15% in females
from all dose groups at Week-7. The decrease in food consumption after Week-7 was
sporadic in female rats. In male rats at 10 mg/kg a statistically significant decrease in
food consumption was noted up to Week-8 and at Week 56-85. The changes in food
consumption in male rats at other times were sporadic. The decrease in food
consumption is both male and female rats might be related to the decrease in body
weight.

Hematology:

The hematological parameters were assessed at Week-52 and Week-103. A
statistically significant increase in the percentages of neutrophil was observed in males
(5 and 10 mg/kg/day) and females (5, 10, and 25 mg/kg/day) at Week- 52. At
termination this increase was still apparent in female rats at 25 mg/kg/day. There was
a decrease in percentages of lymphocytes and monocytes in male and female rats at
mid and high dose at Week-52. At termination female rats still showed decrease in the
WBC percentages at high dose. The increase and decrease in the percentages of the
WBCs are within the historical control range. Due to the statistically significant
changes in these parameters, these findings are considered treatment related by the
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reviewer. Morphine and its metabolites are known to have substantial effects on the
immune system. However, potential clinical significance of these data is not clear.

Hematological Changes at Week 52

Parameters Low Dose Medium Dose High Dose
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Male Female | Male Female Male Female
2.5 5 5 10 10 25
Neutrophil (%) NC 3747 35*T | 37*7 38*7 | 58*T
Lymphocyte (%) NC 9 7 84 11d 144
Monocyte (%) NC 15+ 154 soxl | 21x | 31w
Eosinophil (%) 184 NC 184 NC 22 NC
Basophil (%) 194 NC 254 NC 214 NC

NC=No Change

Hematological Changes at Week 103

Parameters Low Dose Medium Dose High Dose

(mg/kg/day) (mg/kg/day) ( mg/kg/day)
Male Female | Male Female Male | Female

2.5 5 5 10 10 25
Neutrophil (%) NS 9T NS 9t NS 30*T
Lymphocyte (%) NS 64 NS 7d NS 22%]
Monocyte (%) NS 28] NS 35+ NS 37+

*Statistically significant, P=0.001
NC-No Change

Ophthalmoscopy:

An indirect ophthalmoscopy and biomicroscopic examination was performed on all
animals at Week-53. There was an increased incidence of superficial punctuate
keratopathy (corneal opacity) in female rats at high dose (25 mg/kg/day). An increase
in the incidence of diffuse retinal degeneration was also noted in the mid (10
mg/kg/day) and high dose’in both female and male rats. Peer review of the
ophthalmoscopic observations indicated that the findings might be related to the drug
induced inhibition of the blink response. Also, these observations are related to the
histological findings of increased acute to chronic corneal inflammation in high dose
males and females and retinal atrophy in mid and high dose animals. The findings are
treatment related; however, the toxicological significance of the findings is not known.

Summary of Ophthalmological Findings:

Parameters Control Low Medium High

Male | Female | Male | Female | Male | Female | Male | Female
Superior 18 - 26 33 87 75 57 50
Punctate
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Keratopathy

Diffuse - 22 - 22 - 37 - 25
Retinal
Degeneration

Gross pathology:

A dose related increased incidence of skin ulceration (males and females) and
skin scab (females only) was recorded in animals given oxymorphone HCI at all
dose levels compared with control group (see table below). These changes may be
related to the clinical behaviors observed (excessive licking and self-biting/self
mutilation). This finding is considered treatment related by the reviewer. An
increased incidence of pale area and/or raised area was observed in the lung at
necropsy in males and females given 210 mg/kg/day (high dose males and mid
and high dose females) compared to the respective control group. There is no
histological correlation of this finding. Lung, however, is a known target organ
for morphine and respiratory distress following morphine administration is
evident clinically and non clinically from the published literature. Therefore, this
gross pathological finding in lung is considered treatment related and might have
resulted from the pharmacodynamics effect of the compound.

Histopathology:

Neoplastic:

A positive trend test for uterine endometrial polyp (females), malignant
lymphoma (males) and renal tubular adenoma (males) with p=0.0328, p=0.0264
and p=0.0414, respectively was observed. The Sponsor mentioned that these
tumors are considered as common tumors; therefore, this increasing trend was not
considered statistically significant (nominal level of significance used when
applying a trend test for common tumors is 0.005).

The historical control data from the swmssmmsmse=s [ahoratory shows that in the control
animals from thirty studies where 2146 kidneys were examined, a lesion related to the
adenoma was found in nine kidneys in the male rats. The percentage ranges from 1.33-
4.0. The historical control from the e==== [aboratory where 647 control animals were
examined, three kidneys showed adenoma of the tubular cells. The percentage ranges
from 0.46-1.54. The reviewer believes that there is possibility that this neoplastic lesion
might have been resulted from the secondary pharmacodynamics effect of the compound.
The urinary retention is well documented in animals after morphine administration and
has been noted in the gross pathological observation with this compound under the
present experimental condition. The finding although might not be considered as rare
tumor and therefore is not statistically significant should be presented in the label.

The reviewer concurs that the uterine polyp is a common tumor finding as evident by the
historical control data from the meeesmm———= [ aboratory (70/2143) and ===
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laboratories (52/647). Since there is no morphine related pharmacological or
toxicological findings noted under this experimental condition and with morphine in the
public literature the occurrence uterine polyp may be considered as incidental.

The incidence of malignant lymphoma observed was 3/65 males from the high dose (10
mg/kg/day) in the pre terminal phase. No malignant lymphoma was noted in control
group at this phase of the study. At terminal sacrifice 1/100 and 1/65 male rats were
observed to have malignant lymphoma in the control and 10 mg/kg/day dose group
respectively. In the historical control data from the === -] aboratories 36
lymphomas were identified in 30 studies, the percentage of the occurrence of this lesion
was 1.68% and the incidence was found to range between 0.91-6.0 percent. In the
historical control data from the === laboratories 10/647 animals were found to have
malignant lymphoma. The percentage of the occurrence of this lesion was 1.55 and it
ranges between 0-2.67. Due to the nature of the lesion and well documented
pharmacological effect of morphine on the lymphocytes, the present reviewer believes
that this finding is related to the target organ effect of the compound. The current study
also, demonstrated the effect of the compound on neutrophils, monocytes and
lymphocytes. Therefore, this finding is recommended to be incorporated in the iabel.
There were no changes in the incidence of malignant lymphoma formation in females
compared to those of the controls.

There was an increase incidence of all body squamous cell carcinoma in both male and
femnales; there was an increase incidence of the skin squamous cell carcinoma. The effect
of the compound on skin was observed in the clinical signs as well'as in the
histopathological analysis. The historical control data from the === laboratories
indicated 2/647 (0.31%, range: 0-1.79) females and 6/647 (0.93% range: 0-1.79) males
showed squamous cell carcinoma of the skin. The historical contro] data from the

smmmeeemenm | aboratories documented that 0.51% of males (range 0.91-4.0) and 0.21%
of females (0.56-2.0) has squamous cell carcinoma of the skin. Due to an increase in
squamous cell carcinoma in both male and female rats in all body the reviewer suggests
that the findings may be mentioned in the label.

The incidence of leiomyoma increased in females in the all body analysis at high dose
(one in each of the following organs: uterus, vagina, and cecum). In the historical control
data from == laboratories 1/647 (0.15%) leiomyoma was described in cecum. No
such lesions were mentioned in vagina and 5/647 leiomyoma (0.7 %) was mentioned in
the uterus. In the historical control data from the ®====""" . laboratories, the
occurrence of leiomyoma was described as 2.9 % and 0.4% in the uterus and vagina, no
such lesion was described in the cecum. Due to the increase in the incidence of the
lelomyoma in the whole body it is recommended by the reviewer that this finding may be
incorporated in the label,

Summary of Results of Trend Tests in Tumors for Rats (NOTE: The table below
was reproduced from the Statistical Review of the carcinogenicity studies completed by
Moh-Jee Ng)

Incidence Summary of the Malignant Lymphoma:
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Number of animals examined, 36 30 38

Terminal

Hemolymphoreticular 1 0 0 I

Tissue/Malignant lymphoma

Number of animals 100 65 65 65

examined;Total

Hemolymphoreticular 1 0 0 4 0.0162*
Tissue/Malignant lymphoma . 0.0639

All bodies/carcinoma: squamous

cell

All bodies/Leiomyoma 0 0 0 3 0.1052
UTERUS / Polyp: endometrial 5 1 5 9 0.0328
stromal

T: p-values present for dose groups CD, LD, MD and HD trends.
Source data: dataset received on 3/22/2006, analysis data RIM56919

Best Possible Copy

Non Neoplastic:

An increased incidence of acute to chronic corneal inflammation in males and
females given 10 mg/kg/day and 25 mg/kg/day, respectively were observed at the
study termination. In addition, an increase in the incidence and severity of retinal
atrophy was observed in males and females given =5 mg/kg/day (mid and high
dose males and all dose groups in females). This change, graded minimal to
moderate in severity, was characterized by a partial to total loss of the outer
nuclear layer of the retina as described in the peer review by the pathologist. The
findings in the eye were dose related and therefore considered treatment related
by the Sponsor. Reduce lubrication in the cornea and dryness of eye might be the
likely cause for the inflammation noted.

An increase in the incidence of pulmonary histiocytosis was observed in males
and females given 25 mg/kg/day (mid and high dose males and low, mid and high
dose females) compared with the control group. This was accompanied with an
increase in the incidence of pulmonary granulomas and/or subacute inflammation
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which is often associated with the presence of foreign material (bedding) in the
bronchi, bronchioles and/or alveoli. These changes were graded minimal to
severe.

The increase in the airway inflammatory lesions, and the associated plant
material, was most likely the result of decrease in swallowing efficiency and/or
suppression of the cough reflex. This is a morphine related well known
pharmacodynamics effect, the clinical relevance of the finding with the present
compound should be adequately analyzed.

Summary of Gross Pathology and Histopathological Findings:

Parameters Sex/Dosages (ing/kg/day)
Male /0 Female /0 Male/2.5 Female/5 Male/5 Female/10 | Male/10 | Female/25
Atrophy: Retina 10 14 11 49 20 48 37 66
Inflamimation 4 6 5 9 2 8 14 23
Cornea
Histiocytes:Lung 22 19 29 35 32 62 62 86
Inflammation 7 I 8 g 7| 15 54 57
Lung
Lung: pale area 5 ) 5 15 9 15 29 34 48
Lung: raised area | 5 6 5 3 2 11 12 28
Skin:Scab 36 15 48 34 45 46 48 51
Skin:Ulceration 21 7 42 34 54 31 60 25

Adequacy of the carcinogenicity study and appropriateness of the test model:

SD rats were dosed once daily by oral gavage with oxymorphone HCI at doses of
2.5, 5, and 10 mg/kg/day in males and 5, 10, and 25 mg/kg/day in females. The
test model (SD rats) is appropriate because the rat is a universal model routinely
used for evaluating the toxicity and carcinogenicity of various classes of
chemicals and for which there is a large historical database. The study was
adequate because the study duration met the regulatory required duration for
carcinogenicity studies (104 weeks), the doses evaluated were judged to have
reached the MTD based on decrease in body weight in males and females.

Evaluation of tumor findings:

Neoplastic lesion findings include malignant lymphoma in male rat (1/100 in
control vs 4/65 at10 mg/kg/day), kidney tubular cell adenoma in males rats
(0/100 in control vs 2/65 at high dose), all body leiomyoma in female rats (0/100
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in control vs 3/65 at high dose) and all body squamous cell carcinoma in males
(2/100 in control, 4/65, 2/65, and 4/65 at low, mid, and high dose respectively)
and females (0/100, 2/65, 2/65, and 3/65 in control, low, mid, and high dose
respectively), and all body leiomyoma in females (0/100 in control vs 3/65 at high
dose) . The lymphoma and adenoma in the tubular cell in the kidney and the skin

carcinoma is considered as neoplastic finding related to the target organ of

toxicity and historical control data showed that the tumors observed in the above

mentioned organs are in the borderline range and can not be considered as
common tumor. Therefore, it is recommended that the findings may be
incorporated in the label.

Toxicokinetics: The exposure was higher in all dose groups in females compare to that
of males. The Cmax and AUC increased with increasing doses, however; the increase
was found to be more than dose proportional. An increase in dose from 2.5-10 mg/kg/day
(4 fold) gave rise to about 6 fold increase in Cmax and approximately 7 fold AUC in
males. In females, an increase in dose from 5-25 mg/kg/day (5 fold) gave rise to about

17 and 15 fold increase in Cmax and AUC respectively.

Summary of Toxicokinetics Findings:

Parameters Low Dose Medium Dose High Dose
(mg/kg/day) (mg/kg/day) (mg/kg/day)
Male | Female | Male | Female | Male | Female
2.5 S 5 10 10 25
Cmax (mg/mL) 4 6 7 27 24 103
Tmax (hr) [ 1 0.5 1 1 1
AUC (0-24h) 14 27 37 120 93 415
mg.h/mL

2.6.6.6 Reproductive and developmental toxicology

Study title: A dose range-finding study of the effect of oxymorphone hydrochloride

Fertility and early embryonic development

on fertility and early embryonic development to implantation in rats

Key study findings: Oxymorphone (0, 0.1, 1, 10, 25 or 50 mg/kg/day) was administered
to male and female rats to determine appropriate dosing for the definite Segment I study.

The findings indicated the following:

1.

Mortality was noted in the high dose males and females.
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2. Clinical signs associated with mortality were primarily associated with classical
opioid-receptor mediated effects including whole body tetany, Straub tail and
excessive chewing. Additional clinical signs include decreased defecation,
absent feces, exophthalmia and lacrimation.

3. The mean number of days between pairing and coitus was increased in the high
dose group compared to control values.

4. Mean estrus cycle length was increased in the females treated with 50 mg/kg/day.

5. Oxymorphone at a dose of 50 mg/kg/day produced decreased mean number of
viable embryos and decrease the number of implantation sites and corpora
lutea.

Study no.: = 411001

Volume #, and page #:
Conducting laboratory and location:

Date of study initiation:
GLP compliance:

QA reports:

Drug, lot #, and % purity:

EDR

September 5, 2000

Yes

yes (X )no( )

Oxymorphone HCI USP, Lot 0881 A 42771,

purity was === (doses were corrected based on purity). Analysis of this lot provided the
following impurity profile.

TEST RESULTS LIMITS

Related Substance:
Impurities:

Degradation Products:

O‘thcr'lmpun' itiss: . o 1
Total Related Substances:

Residual Solvents( IPA) s AR

Methods

Doses: 0, 0.1, 1, 10, 25 and 50 mg/kg/day (doses based on a 5-day preliminary
study).

Species/strain: Rats s==:CD(SD)IGS BR

Number/sex/group: 10/sex/group for toxicology

Route, formulation, volume, and infusion rate: oral gavage, deionized reverse
osmosis treated water in a volume of 10 ml/kg.

Satellite groups used for toxicokinetics: 36 rats/sex/group.
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Study design: Toxicology males were dosed daily for 29 days prior to pairing and
continued until one day prior to euthanasia. Females for toxicology were dosed daily for
14 days prior to pairing and through mating, continuing through gestation day 7.

Parameters and endpoints evaluated:

Clinical signs: Animals were examined twice daily for mortality and
moribundity for the duration of the study. In addition to general clinical observations,
each animal was examined for signs of toxicity both 15 minutes and 1 hour following
dosing.

Body weights: Male body weights were recorded twice weekly throughout .
the dosing period until euthanasia (males day 59). Female body weights were measured
twice weekly beginning at the initiation of treatment through day 15 of gestation.

Food consumption: Individual food consumption was recorded twice
weekly corresponding to the body weight days described above.

Toxicokinetics: Blood was collected for toxicokinetics prior to dosing,
0.5,1,2,4,6,8,10, 12, 16, 20 and 24 hours following treatment.

Estrous Cycles: Vaginal smears for determining the stage of estrous were
evaluated daily beginning with the first dose and continuing until evidence of copulation
was observed.

Mating and fertility indices were catcutated as follows:

No, of Males (Females)
with Bvidence of Mating or Confirmed Pregnancy %100

Male (Female) Mating I % -
ale (Female) Mating Index (%) Total No, of Males (Females) Used for Mating

_ No.of Males Siring at Least 1 Litter

Male Fertility Index(%) ~ : —
Total No. of Males Used for Mating

100

No. of Females with Confirmed Pregnancy %100

Female Fertility Index (%) =
v () Total No. of Females Used for Mating

Gestation Day 15 Uterine Examinations: Animals were euthanized by
CO, inhalation on gestation day 15. The abdominal and thoracic cavities were opened
and the contents were examined. The uterus and ovaries were examined. The number of
corpora lutea on each ovary was recorded. The number and location of all embryos, early
resorptions, and the total number of implantation sites were recorded.

Necropsy: Macroscopic examination was completed for all toxicology
animals at the scheduled euthanasia, as well as on animals that died or were euthanized in
extremis. Necropsy included examination of the external surface, all orifices, the cranial
cavity, the external surface of the brain and spinal cord and the thoracic, abdominal and
pelvic cavities, including viscera. No tissue was preserved for histopathological
examination in this dose range-finding study.

Organ weights: Weights of the following were obtained: adrenal gland,
brain, epididymides, kidneys, liver, ovaries, pituitary gland and testes. Paired tested and
epididymides were weighed separately. Absolute and organ-to-final-body-weight ratios
were recorded.
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Statistics: Statistical analysis was not completed for this study.

Results

Mortality: One male in the 10 mg/kg group and 3 males in the 50 mg/kg group were
found dead between study days 2 and 20. One male in the 50 mg/kg group was
euthanized in extremis on study day 6. One female in the 50 mg/kg group was found
dead on study day 12.

Summary of Animal Disposition

Males (mg/kg) Females (mg/kg)

Disposition 0.1 1 10 | 25 | 50 0.1 1 10 | 25 | S0

Found Dead 0 0 1 0 0 0 0 1

oo |e

Euthanized in Extremis 0 0 0 0 1 0 0 0 0 4

OO (O |l
(e}

Euthanized and Discarded 0 26 26 25 26 23 26 26 26 26 26

Terminal Necropsy 10 10 | 10 10 10 9 10 10 10 10

—
(=)
bt
o

n/n = total occurrence/number of animals

Clinical signs: Prior to death CNS effects included excessive chewing of the tail and
hypoactivity, exophthalmia, paleness and/or lacrimation. Other clinical signs inciuded
whole body tetany, convulsions, gasping, lethargy, repetitive movement of the mouth and
jaws, Straub tail, rocking, lurching and swaying, exophthalmia, lacrimation, decreased
defecation, and extreme aggravation on handling. The incidence of clinical signs is
provided in the table below:

Appears This Way
On Original
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Incidence of Clinical Observations (n=10/group)
Males (mg/kg) Females (mg/kg)
Parameter 0 |01] 1 | 10 25 50 0 | 0.1 1 10 | 25 50

Behavior/CNS

Hypoactive 0/0 | 0/0 | 0/0 | 0/0 | 0/0 3/3 0/0 | 0/0 | 0/0 | 0/0 | 0/0 1/1

Rocks, lurches and sways 0/0 | 0/0 | 0/0 | 0/0 | 0/0 1/1 0/0 | 0/0 | 0/0 | 0/0 | 111 0/0

Hunched appearance 0/0 | 0/0 | 0/0 | 0/0 | 0/0 2/1 -- -- -- - -- -

Extremely aggressive upon 0/0 | 0/0 | O/0 | 0/0 | S1/5 | 22/4 -- -- - .- - --

Handling

Convulsions -- -- -- -- -- -- 0/0 | 0/0 | 0/0 | 0/0 | 0/0 /1
Eyes/Ears/Nose

Wet red material around nose 0/0 | 0/0 | 0/0 | 0/0 171 4/4 0/0 | 0/0 | 0/0 | 0/0 | 0/0 0/0

Dried red material around nose 0/0 | 1/1 | 4/3 | 17/7 | 12/7 | 60/22 § 0/0 | 0/0 | 0/0 | 0/0 | 0/0 0/0

Dried red material around eye (rt) | 0/0 | 2/1 | 0/0 | 26/2 | 5/3 1176 § 0/0 | 0/0 | 0/0 | 0/0 | 9/3 | 45/18

Dried red material around eye (it) | 0/0 | 6/1 | 0/0 | 27/2 | 3/2 8/6 0/0 | 0/0 | 0/0 | 0/0 | 12/4 | 39117

Dried red material around mouth 0/0 | 0/0 | 0/0 | 2/1 0/0 7/6 0/0 | 0/0 { 0/0 | 0/0 | 0/0 | 18/10
Excreta '

Urine red in color 0/0 | 0/0 | 0/0 | 0/0 | 0/0 4/3 - - - - . --

Soft stool V1| 22|95 76 | 7/5 9/7 0/0 | 0/0 | 1/1 | 5/3 | 8/6 7/4

Decreased defecation 0/0 | 0/0 | 0/0 | 0/0 0/0 6/3 0/0 | 0/0 | 0/0 | 0/0 | 0/0 | 17113

Feces appear light in color - - -- -- -- -- 0/0 | 0/0 | 0/0 | 0/0 | 5/5 5/5

Feces absent -~ -- -- -~ -- - 0/0 | 0/0 | 0/0 | 0/0 | 0/0 1/1
Cardio-Pulmonary

Gasping - | - | - -- -- -- "0/0 | 0/0 | 0/0 | 0/0 | 0/0 212

n/n = total occurrence/number of.animals; --

=no data recorded

Incidence of Clinical CNS Observations 15 minutes post dose (n=10/group)

Males (mg/kg) Females (mg/kg)
Parameter 0 0.1 1 10 25 50 0 0.1 1 10 25 S0
Behavior/CNS

Whole body tetany 0/0 0/0 0/0 0/0 /1 0/0 0/0 0/0 0/0 0/0 0/0 8/7
Hypoactive 0/0 | 0/0 | 0/0 11 0/0 0/0 0/0 | 0/0 0/0 0/0 1/1 6/5
Straub tail 0/0 | 0/0 | 0/0 413 3/3 5/4 0/0 | 0/0 0/0 4/4 10/8 9/8
Rocks, lurches and sways 0/0 0/0 0/0 0/0 2/2 /1 0/0 0/0 0/0 0/0 0/0 171
Head sways from side to side 171 2/2 | 94 | 29/14 | 49/22 | 41/13 | 0/0 | 18/7 | 15710 | 16/10 | 25/17 13/9
Popcorn seizure 0/0 | 0/0 4/3 8/6 9/4 6/5 0/0 0/0 1/1 4/2 515 7/5
Excessive chewing of cage bottom 0/0 0/0 3/1 18/8 28/15 | 50/15 1 0/0 22 10/4 26/9 16/12 | 28/16
Excessive chewing of tail 0/0 ;| 0/0 | 0/0 11 0/0 0/0 0/0 | 0/0 0/0 0/0 0/0 11
Hyperactive 0/0 0/0 0/0 12/8 14/5 1277 0/0 0/0 0/0 0/0 0/0 0/0
Hunched appearance 0/0 { 0/0 0/0 0/0 1/1 1/1 0/0 0/0 0/0 1/1 0/0 0/0
Repetitive movement of mouth 0/0 § 0/0 | 0/0 1 5/3 33 0/0 | 0/0 0/0 1/1 0/0 4/4
Excessive chewing of rt forelimb 0/0 1 5/4 10/6 29/10 | 24/12 -- -- - - - -
Excessive chewing of It forelimb 0/0 111 0/0 | 21/10 2917 33/9 -- -- - - - --
Excessive paw licking 0/0 { 2/2 | 272 | 32/10 22/8 22/8 | 0/0 | 3/3 12/6 19/10 | 25/11 26/8
Excessive pawing of bottom cage 0/0 | 0/0 0/0 0/0 171 2/2 - - - - - --
Excessive licking of cage bottom 0/0 0/0 0/0 /1 11/3 25/8 0/0 0/0 0/0 /1 0/0 0/0
Excessive licking of cage sides 0/0 | 0/0 | 0/0 0/0 2/2 714 -- - -- -- -- -

n/n = total occurrence/number of animals; -- no observations recorded

Body weight: Body weights and body weight gains in male animals were reduced in the
10, 25 and 50 mg/kg/day groups beginning on day 7 and continuing until termination on
day 59. On study day 59, mean body weight were reduced by approximately 12.6%,
19.9% and 18.5% following treatment with 10, 25 and 50 mg/kg/day, respectively.
Body weights in females treated with 25 or 50 mg/kg were decreased by approximately
10% during the first two weeks of the pre-mating period. During the gestation period,
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female animal body weights were decreased by 10% or greater following treatment with
.10, 25 or 50 mg/kg/day on Day 7 and by 50 mg/kg/day on Day 15.

Body Weights (% change of control; N=9-10)
Oxymorphone (mg/kg/day)
Parameter 0.1 1 10 25 50

Males

Day 0 to 59 +1 0 -12.6 -19.9 -18.5
Females

Pre-Mating Period Day 7 -6 -3 -5 -8 -11

Pre-Mating Period Day 14 -6 -3 -6 -10 -11

Gestation Period Day 7 -2 -4 -10 -15 -13

Gestation Period Day 15 -1 -3 -3 -8 -13

n/n = total occurrence/number of animals

Food consumption: Food consumption in males was reduced by doses of 10, 25 and 50
mg/kg/day. Some evidence of tolerance to this effect was noted following day 21;
however the three highest doses continued to reduce food consumption in males
throughout the study.

Male Food Consumption : Female Food Consumption
(gm/animal/day, % change of (gm/animal/day, % change of
Parameter control; N=9-10) control; N=9-10)
Oxymorphone (mg/kg/day) Oxymorphone (mg/kg/day)
0.1 1 10 25 50 0.1 1 10 25 50
Day 0-3 0 -4 -17 -13 -18 -16 -16 | -16 | -21 -58
Day 3-7 0 -4 -8 -12 | -23 0 -5 -16 | -21 -26
Day 7-10 0 -4 -19 -23 =27 0 0 -11 -17 -11
Day 10-14 -4 -8 -15 -15 -15 0 -5 -11 -11 -11
Day 14-17 -4 -4 -12 -19 | -23 *
Day 17-21 0 +4 -8 -12 -4 *
Day 21-24 0 0 -7 -1t -7
Day 24-28 0 0 -7 -15 -11
Day 56-59 +4 +4 -11 -19 | -15

n/n = total occurrence/number of animals.
* NOTE: Food consumption was not recorded during gestation (days 14-21).

Toxicokinetics: Plasma levels of oxymorphone in the range-finding study are reproduced
in the sponsor’s table below. The table contains data from both the range-finding study
as well as the definitive study. The results indicate that the rats were exposed to a
significant amount of oxymorphone. The levels increased with increased dose, but did
not appear to be altered from day 1 compared to day 14 suggesting no alterations in the
metabolism of oxymorphone under the conditions tested.
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Table 1: Comparison of 1 hour Plasma Levels from the Definitive Study
versus that for the Range-finding Study,

. " Plasma Concentration (ngfml)
Study Day | Sex | Dos¢ Group | Time g i eding Study | Definifive Study
(mgfkgfday) | (hr) |""—— 5001y | — .411004)

"Day | M { 1 0.78 (1.22%) I
1" Day M 5 1 4.36
1% Day F 1 1 1.04 (1.76%)

1" Day F 3 1 5.90
1"Day | M 10 1 724

1% Day F 10 1 B.85

"Day | M 25 1 16.63 11.85
1% Day F 25 1 21.96 15.97
"Day | M 50 1 25.63

1% Day F 30 1 139.97

14°Day | M 1 1 18.33 (1.23%)

14"Day | M 5 1 6.10
14°Day | F 1 1 2.14*

14 Day | F 5 1 6.17
i4%Day | M 10 6952 (28.17%)

149 Day | F 10 18.16

14%Day | M 25 i 69.52 43.17
14°Day | F 25 1 49.80 36.71
14%Day | M 50 1 172.49

14%Day | F 50 1 184.63

* . Method 2 value.

Necropsy: Although several necropsy findings were noted in surviving animals, the only
potentially treatment-related changes were noted in the bladder of one male animal and 2
female animals treated with the highest dose of 50 mg/kg/day.

Incidence of Gross Necropsy Observations (Scheduled Necropsy)

Males (mg/kg/day) Females (mg/kg/day)

Parameter 0 0.1 1 10 25 50 0 0.1 1 10 25 50

N1 10 10 10 10 10 9 10 10 10 10 10 10

Urinary Bladder
Thickened 0 0 0 0 0 1 0 0 0 0 0 2
Calculi 0 0 Y 0 0 1 0 0 0 0 0 0

Organ weights: There was an apparent decrease in absolute and relative liver weights in
males treated with 10, 25 or 50 mg/kg/day oxymorphone. Relative adrenal weights in
males appeared to increase in a dose-related manner. A similar trend was noted in
absolute adrenal weights in males, although the effect was not statistically significant.
There were no clear changes in brain, kidneys, testes, epididymis or pituitary in male rats.
Likewise, there were no clear effects of oxymorphone on the organ weights in female
rats.

Summary of Organ Weight Changes (% C of control; Scheduled Necropsy)

Males (mg/kg/day) Females (mg/kg/day)
Parameter 0.1 1 10 25 50 0.1 1 10 25 50
N 10 10 10 10 9 9 10 8 10 9
Liver
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Absolute +1 -1 -26% | -42% | -40* +2 -3 -3 -8 -15

Relative to body weight +1 -1 -19 | -27% | -26%* +2 0 -2 +1 -2
Adrenal

Absolute -1 +2 -1 +5 +15 | +11 -1 -3 +12 -4

Relative to body weight 0 0 +17 | +33% | +42% | +13 +4 0 +9 +9

* p < 0.05 compared to controls.

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):
There was no effect of oxymorphone on either male mating index or male fertility index
noted. Male mating index (%) was calculated by dividing the number of males with
evidence of mating (or confirmed pregnancy) by the total no of males used for mating
(x100). Male fertility index was calculated by dividing the number of males siring a litter
by the total number of males used for mating (x100).

Summary of Male Reproductive Performance (N=9-10)
Males (mg/kg)

Parameter 0 0.1 1 10 25 50
Male Mating Index (%) 100 90 90 100 100 100
Male Fertility Index (%) 90 80 90 90 100 88.9

In females, the female mating index and female fertility index were not changed by
oxymorphone treatment. The mean pre-coital interval was increased in the animals
above the ™= historical control values (range 2.0-3.3 days). Estrus cycle length was
increased in animals treated with 50 mg/kg (6.9 days) compared to the control group
value (4.1 days), as depicted in the sponsors table below:

Summary of Female Reproductive Performance (N=9-10)
Males (mg/kg)

Parameter 0 0.1 1 10 25 50
Female Mating Index (%) 100 100 100 100 100 100
Female Fertility Index (%) 90 90 100 90 100 90
Mean pre-coital intervals 33 3.7 3.8 3.4 2.6 4.1
(days)
Mean estrus cycle length 4.1 4.4 4.9 4.6 4.5 6.9

n/n = total occurrence/number of animals

Embryonic Data. Mean embryonic data is presented in the table below. Although
statistical analysis was not completed on this data, doses of oxymorphone of 50
mg/kg/day appeared to decrease the mean number of viable embryos and decrease the
number of implantation sites and corpora lutea. There were no apparent changes noted in
the number of dead embryos, resorptions, post-implantation losses or pre-implantation
losses. Doses of 25 mg/kg/day were associated with reduced mean numbers of corpora
lutea, implantation sites and viable embryos, however, the number of implantation sites
and viable embryo changes were within historical control values. All other parameters
did not appear to be altered in a dose-dependent manner by oxymorphone treatment.
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TABLE 2& (TOXICOLOGY PHASK)

PROJECT N0 ™% _411001F R-F STUDY OF OIYMORPHONE HYDROCHLORIDE IN RATS PAGE 1
BPONSORJEMDO PHARM., INC. SUMMARY OF NEAN BMBRYONIC DATA AT THE SCHEDULED MECROPSY
POST PRE w0, OF
VIABLE DEAD RESORPTIONS XMPLANTATION DHPLANPATION CORPORA IMPLAMIATION  GRAVID
GROUP EMBRYOS  EMBRYOS  EABLY LATE 1088 SITES LUTRR 1088 PEMALES
1 TOTAL 136 0 5 0 5 1 149 8 9
MERN 15.1 .0 0.5 0.0 0.6 15.7 16.6 0.3
§.D. 1.45 0.00 0.73 0.00 0.73 1.22 1.88 1.17
2. TOTAL 123 ] 7 [ 7 130 157 37 3
HEXK 13.7 0.0 0.8 0.0 0.8 4.4 17.4 1.0
8.D. .44 ¢.00 1.08 0.00 1.09 3.97 3.32 3.35
3 TOTAL 143 0 6 [ 6 145 161 12 10
MERY 14.3 0.0 0.8 5.0 0.8 14.9 16.1 1.2
3.p. 1.49 0.00 0.97 0.00 0.s7 1.10 1.66 1.14
4 TOTAL 102 ° 12 1 13 115 134 ) ]
NEAN 12.8 .0 1.5 0.1 1.6 1.4 6.8 2.4
8.D. 2.38 0.00 1.85 0.35 2.13 2,67 1.16 2.92
§ TOTAL 140 4] 4 [ B8 e 157 9 10
MEAR 14,0 0.0 0.8 0.0 0.8 4.8 15.7 0.9
8.D. 1.49 0.00 0.73 0.00 0.7% 1.48 1.42 1.20
109 133 24 s
12.1 4.8 2.7
2.62 2.33 2.83
1- 0 -MG/KG/DAY 2- 0.1 MG/KG/DAY 3~ 1 MG/KG/DAY 4~ 10 MG/RG/DAY  5- 25 MG/KG/DAY  €- 50 WQ/KG/DAY

PLSUV4 .02
12/21/2600

Study title: A study of the effect of oxymorphone hydrochloride on fertility and
early embryonic development to implantation in rats

Key study findings: Oxymorphone was administered to male rats for 28 days prior to

mating

and continued throughout mating until one day prior to euthanasia. Female rats

were treated for a total of 14 days prior to mating, throughout mating and through
gestation day 7. The following findings regarding fertility and early embryonic
development were obtained:

1.

The study appears to be valid as significant toxicity was noted in both males and

-females at the higher doses.

2.

Reproductive performance in males was not altered under the conditions tested.
There were no effects of oxymorphone on mean testicular and epididymal sperm
numbers, sperm production rate, motility or morphology compared to control
animals.

Reproductive performance in females was not altered by any dose of
oxymorphone tested, however, mean estrus cycle length was slightly but
significantly increased in the 25 mg/kg/day group.

Early embryonic development was significantly altered by oxymorphone
treatment. Specifically, the mean number of viable embryos and the mean
number of implantation sites were reduced by 14% in the 10 and 25 mg/kg/day
group. The mean number of corpora lutea was significantly reduced only in the
high dose group (25 mg/kg/day).

Overall, due to parental systemic toxicity, the NOAEL for parental toxicity was <
5 mg/kg/day. The NOAEL for reproductive performance in males was > 25
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mg/kg/day. The NOAEL for reproductive performance in females was 5
mg/kg/day due to an increase in estrus cycle length.

Study no.: e 411004
Volume #, and page #: EDR
Conducting laboratory and location:

Date of study initiation: February 16, 2001
GLP compliance: Yes
QA reports: yes (X )no ()
Drug, lot #, and % purity: Oxymorphone hydrochloride, Lot 0881 A
42771, === purity (note doses were calculated based on purity of the test article).
Methods
Doses: 0, 5, 10 and 25 mg/kg
Species/strain: = CDe(SD)IGS BR rats
Number/sex/group: 25/sex/group
Route, formulation, volume, and infusion rate: Oral gavage, 10 ml/kg volume,
Satellite groups used for toxicokinetics: S/sex/group

Study design: For toxicology, male animals were treated for 28-days prior to
mating and continued throughout mating until one-day prior to euthanasia. For females,
animals were treated for a total of 14 days prior to mating, throughout mating and
continuing through gestation day 7.

Dosage Dosage Dosage Number of Animals
Group Test Article Level® Concentration® Volume Males | Females
(mg/kg/day) (mg/ml) (ml/kg)
1 Vehicle 0 0 10 25 25
2 Oxymorphone HCI 5 0.5 10 25 25
3 Oxymorphone HCl 10 1 10 25 25
4 Oxymorphone HCl - 25 2.5 10 25 25

1 - Expressed in terms of the oxymorphone salt

Parameters and endpoints evaluated:

Clinical signs: Animals were examined twice daily for mortality and
moribundity for the duration of the study. In addition to general clinical observations,
each animal was examined for signs of toxicity 1 hour following dosing. Due to
excessive chewing and licking of the forelimbs, paws and/or digits, Nyla-Bones were
provided on study day 8 to further reduce self-mutilation.

Body weights: Male body weights were recorded twice weekly throughout
the dosing period until euthanasia (through day 62). Female body weights were
measured twice weekly beginning at the initiation of treatment (day 14 through day 28).
Once evidence of mating occurred females were weighed on gestation days 0, 3, 7, 10, 13
and 15.
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Food consumption: Individual food consumption was recorded twice
weekly corresponding to the body weight days described above.

Toxicokinetics: Blood was collected for toxicokinetics prior to dosing,
0.5,1,2,4,6,8,10, 12, 16, 20 and 24 hours following treatment.

Estrous Cycles: Vaginal smears for determining the stage of estrous were
evaluated daily beginning with the first dose and continuing until evidence of copulation
was observed. Positive evidence of mating was confirmed by the presence of sperm or a
vaginal smear or a vaginal copulatory plug.

' Mating and fertitity indices were calculated as follows:

] _ No.of Males(Females)
with Evidence of Mating or Confirmed Pregnancy

- e - X100
Total No. of Males (Females) Used for Mating

Male (Female) Mating Index (%)

No. of Males Siring at Least | Litter
Total No. of Males Used for Mating

Male Fertility Index(%) = x100

No. of Femsles with Confirmed Pregnancy «
Total No. of Females Used for Mating

Female Fertility Index (%) 100

Gestation Day 15 Uterine Examinations: Animals were euthanized by
CO, inhalation on gestation day 15. The abdominal and thoracic cavities were opened
and the contents were examined. The uterus and ovaries were examined. The number of
corpora lutea on each ovary was recorded. The number and location of all embryos, early
resorptions, and the total number of implantation sites were recorded.

Spermatogenic endpoints: Upon euthanasia, reproductive tract of males
were exposed and the epididymis weighed. An incision was made in the distal region of
the right cauda epididymis and the epididymis was placed in PBS with 10% BSA for 10
minutes to collect sperm. Sperm motility and morphology were determined. Abnormal
forms of sperm from a differential count of 200 spermatozoa per animal (if possible)
were recorded.

Necropsy: Macroscopic examination was completed for all toxicology
animals at the scheduled euthanasia, as well as on animals that died or were euthanized in
extremis. Necropsy included examination of the external surface, all orifices, the cranial
cavity, the external surface of the brain and spinal cord and the thoracic, abdominal and
pelvic cavities, including viscera. No tissue was preserved for histopathological
examination in this dose range-finding study.

Organ weights: Weights of the following were obtained: adrenal gland,
brain, epididymides (total and cauda), heart, kidneys, liver, ovaries, spleen, testes and
thymus. Paired tested and epididymides were weighed separately. Absolute and organ-
to-final-body-weight ratios were recorded.

Statistics: Statistical analysis was conducted using a two-tailed test for
minimal significance level of 5% compared to treated control groups. The following
statistical tests were used:
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STATISTICAL TEST PARAMETER
-Chi-Square test® with Yates’ correction factor Mating and Fertility Indices

-One-way ANOVA with Dunnett’s test’ Corpora Lutea, Total Implantations, Viable
Embryos, Parental Body Weights and Body
Weight Changes, Parental Food Consumption,
Testicular and Epididymal Sperm Numbers,
Sperm  Production Rate, Organ Weights
(absolute and relative), Pre-Coital Intervals,

Estrous Cycles
Kruskal-Wallis test’ with Mann-Whitney Mean Litter Proportions of Intrauterine Data
U-test’ (Considering the Litter, Rather than the Embryo,
as the Experimental Unit), Sperm Motility and
Sperm Morphology

Toxicokinetics: Toxicokinetic data were determined from a satellite
toxicokinetic phase. Rats received the test article for 14 days. Blood samples were
collected via retro-orbital sinus on the first and fourteenth day of dosing. Four animals
per sex in the 5 and 25 mg/kg/day group were used for blood collection at 1 and 8 hours
post dose.

Results
Mortality: Two male animals in the high dose group died (one on study day 12 and the

other on study day 14). These deaths were considered to be test article related. There
were no unscheduled deaths in the female animals in any group tested.

Summary of Animal Disposition (N=25/sex/group)
Males (mg/kg) ' Females (mg/kg)
Disposition 0 5 10 25 0 5 10 25
Found Dead 0 0 0 2 0 0 0 0
Scheduled Necropsy 25 25 25 23 25 25 25 25

Clinical signs: Pharmacological effects were noted in the surviving male animals
included repetitive chewing of the forelimbs, hyperactivity and excessive chewing and/or
licking of the cage floor and/or walls one hour following dosing beginning on study day 6
and continuing through the scheduled necropsy. Other CNS effects included:
exophthalmia, hypoactivity, repetitive chewing of the tail and/or hindlimbs, movement of
the jaws, nodding of the head and/or excessive grooming and/or chewing. Occasional
evidence of respiratory distress was noted in some male animals in the 10 and 25
mg/kg/day groups.

Daily Examinations Incidence of Clinical Qbservations (n=25/sex/group)
Parameter Males (mg/kg) Females (mg/kg)
0 5 10 25 0 5 10 25

Body Integument '
Dried red material right forelimb | 0/0 0/0 0/0 1/1 0/0 0/0 0/0 0/0
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Scabbing distal end of tail 0/0 0/0 0/0 2072 0/0 0/0 0/0 0/0

Unkempt appearance 0/0 0/0 0/0 0/0 0/0 0/0 0/0 3/1

Swelling left forelimb 0/0 0/0 0/0 0/0 0/0 0/0 0/0 6/2

Wet material urogenital area 0/0 0/0 0/0 1/1 0/0 0/0 0/0 32

Dried yellow material urogenital | 0/0 0/0 0/0 0/0 0/0 0/0 0/0 2N
area
Cardio-Pulmonary

Rales 0/0 0/0 2/1 5/4 0/0 0/0 0/0 0/0
Excreta

Soft Stool 0/0 0/0 5/3 5/4 0/0 0/0 0/0 0/0
Oral Dental

Dried red material around mouth | 0/0 0/0 1/1 1/1 0/0 0/0 0/0 0/0
Eyes/ears/nose

Dried red material around nose 0/0 1/1 1972 0/0 0/0 3/3 9/4 11/5

Exophthalmos right eye 0/0 0/0 0/0 0/0 0/0 0/0 0/0 171
n/n = total occurrence/number of animals; -- = no data recorded

1 Hour Post-Dose Incidence of Clinical Observations (n=25/group)
Parameter Males (mg/kg) Females (mg/kg)
0 5 10 25 0 5 10 25

CNS/Behavior

Repetitive chewing of left forelimb 0/0 | 122722 | 207/24 | 91/17 0/0 73/19 85/22 67/22

Repetitive chewing of right forelimb 0/0 | 139724 | 213/24 70/18 0/0 70/18 77719 62/20

Hyperactive 0/0 | 152/25 | 165/24 96/23 0/0 85124 73/24 40/21

Excessive chewing of cage floor/walls 0/0 | 215/19 | 240/21 179/23 0/0 129/21 | 107/18 90/18

Repetitive chewing of distal end of tail | 0/0 4/4 0/0 1173 0/0 0/0 0/0 4/1

Hypoactive 0/0 0/0 212 1/1 0/0 /1 0/0 /1

Repetitive chewing of right hindlimb 0/0 6/5 24/9 0/0 0/0 3/3 1/1 0/0

Excessive licking of cage floor/walls 0/0 22 16/7 91722 0/0 22 12/5 46/15

Repetitive movement of head 0/0 0/0 0/0 8/3 0/0 0/0 0/0 0/0

Repetitive movement of left forelimb 0/0 0/0 0/0 11 0/0 0/0 0/0 0/0

Repetitive chewing of left hindlimb 0/0 6/6 9/6 3/3 0/0 2/2 1/1 0/0

Repetitive movement of jaws 0/0 22 2/1 372 0/0 0/0 0/0 0/0

Excessive grooming 0/0 8/7 373 1/1 0/0 0/0 0/0 0/0

Excessive circling 0/0 212 3/1 5/4 0/0 0/0 0/0 0/0

Repetitive nodding of head 0/0 0/0 0/0 1/1 0/0 0/0 0/0 0/0
Cardio/Pulmonary

Rales 0/0 0/0 212 1/1 0/0 0/0 0/0 0/0
Eyes/Ears/Nose

Exophthalmos right eye 0/0 0/0 9/5 45/19 0/0 4/3 715 20/12

Exophthaimos left eye 0/0 1/1 8/6 39/17 0/0 372 7/5 19/12
Oral/Dental

Salivation 0/0 0/0 0/0 3/1 0/0 0/0 0/0 0/0

Clear wet material around mouth 0/0 0/0 0/0 1/1 0/0 0/0 0/0 0/0
n/n = total occurrence/number of animals; -- = no data recorded

Body weight: Body weights of males were decreased at all doses in a dose-dependent
fashion, as depicted in sponsor’s figure 1 below. By the end of the study period (day 62)
animals demonstrated an 8%, 12% and 27% reduction in body weights following 5, 10
and 25 mg/kg oxymorphone compared to control animals.
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d
PROJECT NO. ~411004M FIGURE 1 (MALES)
SPONSOR:ERDO PHARM., INC, FERT./EMBRYONIC DEV. STUDY OF OXYMORPHONE HYDROCHLORIDE IN RATS
BODY WEIGHTS (GRAMS)
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Food consumption: Food consumption in the male was decreased in a dose-dependent

fashion as depicted in the figure below. The decrease was statistically significant in the
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10 and 25 mg/kg groups at most days. A dose of 5 mg/kg also reduced food consumption
which was significant on study days 0-3, 3-7, 7-10, 14-17, 17-21, 24-28 45-49, 56-59 and
59-62.

PROJECT NO. ™ ~411004M . FIGURE 3 ({MALES)
SPONSOR:ENDO FHARM., INC. PERT. /EMBRYONIC DBY. STUDY OF OXYMORPHONE HYDROCHLORIDE IN RATS
FOOD CONSUMPTION (GRAMS/ANIMAL/DAY)
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Toxicokinetics: All of the parameters evaluated in the toxicokinetic phase (deaths,
clinical observations, mean body weights, body weight gains and internal findings) were
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represventative to those observed in the main study. The sponsor analyzed plasma levels:

in both the range-finding study and the main study, and the results are reproduced in the

table below:

Table 1: Comparison of 1 hour Plasma Levels from the Definitive Study

versus that for the Range-finding Study.

. . Plagma Concentration (ng/ml.)
Study Day | Sex Dose Qroup Time Rangefinding Study [ Definitive Study
(ng/kgiday) | () |77 i {pr) | == . 411004)
T"Day | M I 1 0.78 (1.22%)
"Day | M 5 1 4.86
1% Day F 1 1 1.04 (1.76%)
1% Day F 5 1 3.90
¥ Day | M 10 1 7.24
1" Day F 10 1 B.ES
i“Day | M 25 1 16.63 11.85
1" Day F 25 1 21.96 15.97
" Day | M 50 1 75.63
i"Day | F 30 1 139.97
14°Day | M 1 1 18.33 (1.23%)
14%Day [ M 5 1 6.10
14%Day | F 1 1 2.14*
14 Day | F 5 1 6.17
14 Day | M 10 69.52 (28.17%)
14%Day | F 10 18.16
14Day | M 25 1 69.52 4317
[4Day | F 25 1 49.30 36.71
14%Day | M 50 1 172.49
14%Day | F 50 1 184.63

# _ Method 2 value.

Necropsy: No internal abnormalities were noted in the two male animals found dead

prior to scheduled necropsy. In males, minor changes were noted at necropsy, including
one male in the high dose group demonstrating small seminal vesicles and dark red lungs
or dark red patches on the lungs were noted which may be due to the

Parameter Incidence of Necropsy Observations (n=25/group)
Males (mg/kg) Females (mg/kg)
0 S 10 25 0 5 10 25
Lungs
Dark red/dark red patches 1 1 1 3 0 0 0 1
Nodule 0 0 0 0 0 0 1
Seminal Vesicles
Small 0 0 0 i -- -- -~ -
Thymus gland
Small 0 0 0 0 0 0 0 1

Organ Weights:

In females with no evidence of mating, there were no significant changes in organ
weights. The effect of oxymorphone on absolute and relative organ weights in males and
females with evidence of mating is summarized in the table below:
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Summary of Organ Weight Changes (% A of control; Scheduled Necropsy)
Males (mg/kg/day) Females (mg/kg/day
Parameter 0 5 10 25 0 5 10 25
N1 25 25 25 23 25 25 25 25
Final Body Weight -8* -12% -21% 4% -T* -9*
Brain :
Absolute +9%* +14* +26%* +2 -1 -1
Relative to body weight +8%* +8* +33* +7%* +6* +10%*
Liver
Absolute -15% -19* -32% -4 -11* -11*
Relative to body weight -8%* -8%* -14* 0 -5% -2
Kidney
Absolute -3 -8* -14% -2 -3 -4
Relative to body weight +5% +4 +8%* +3 +3 +6
Spleen '
Absolute -3 -O* -14* -5 -5 -17*
Relative to body weight +6 +4 +9 0 1 -8
Heart
Absolute -4 -G* -12%* -O* -8 -10*
Relative to body weight +4 +7* +11%* -6 -1 -1
Epididymis, Right
Absolute -1 -3 -7* -- -- -
Relative to body weight +5 +10%* +16* -- -- --
Epididymis, Left
Absolute -1 -1 9% -- -- --
Relative to body weight +6 +13% +16% -- -- --
Cauda Epididymis, Right
Absolute -4 -4 -12%* - - -
Relative to body weight +2 +9 +11* -- -- -
Cauda Epididymis, Left
Absolute - -5 -4 -13% - -- --
Relative to body weight +4 +9 +11* - - --
Ovaries
Absolute - -- -- -4 -9* -11*
Relative to body weight - -- -- 0 -2 0
Thymus
Absolute +6 0 -14% -8 -10 -23%
Relative to body weight +15 +13 +9 -3 -3 -14
Adrenal glands
Absolute +7 +1 +6 - -4 -4 -3
Relative to body weight +8* +8* +33% 0 4 8

n/n = total occurrence/number of animals

" Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss,

etc.):

Reproductive performance of males were not detected at dose levels of 5, 10 or 25
mg/kg/day. Specifically, there were no changes in male mating index or male fertility
index.

Summary of Male Reproductive
Parameter Performance (N=21-24)
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Males (mg/kg)
) 0 5 10 25
Male Mating Index (%) 96 96 96 91.3
Male Fertility Index (%) 87.5 91.7 88 91.3

n/n = total occurrence/number of animals

Spermatogenic Endpoints: There were no effects of oxymorphone at the doses tested on
mean testicular and epididymal sperm numbers, sperm production rate, motility and
morphology differential counts compared to control animals.

Female reproductive performance was not significantly altered by oxymorphone
treatment. There was a significant but slight increase in the mean estrus cycle length in
the high dose animals.

Summary of Female Reproductive Performance
(N=25)
Parameter Females (mg/kg)
0 5 10 25
Female Mating Index (%) 100 96 100 96
Female Fertility Index (%) 92 92 88 96
Mean estrus cycle length (days) 4.5 " 48 5.8 6.6%

* p <0.05 compared to control

Summary of Significant Embryonic Data
) Females (mg/kg)
Parameter 0 5 10 75
Number of gravid females 22 22 22 24
Viable embryos (mean) 16.1 14.9 13.9% 13.9%
Implantation sites (mean) 16.6 15.5 15.0% 14.5%
Corpora leutea (mean) 17.7 16.8 16.3 15.4%

* p <0.05 compared to control

There were no significant changes in the number of dead embryos, early or late
reabsorptions, post-implantation losses or pre-implantation losses at any dose of
oxymorphone tested. In contrast, there were significant decreases in mean number of
viable embryos and implantation sites at the two highest doses and a decrease in the mean
number of corpora leutea at the highest dose tested (25 mg/kg/day).

Embryofetal development

Study title: A Study of the Effects of Oxymorphone Hydrochloride on
Embryo/Fetal Development in Rats

Key study findings: Female rats were treated with oxymorphone (5, 10 and 25

mg/kg/day) from gestation day 6-17 in the definitive Segment II study in rats with the
following key findings:
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One female in the high dose group was found dead on gestation day 7.

. Clinical signs were evident in all treatment groups and were consistent with a
high dose opioid and included CNS behavior such as Straub tail, rocking and
lurching, hypoactivity and exophthalmus.

3. There was a dose-related and time-related decrease in body weight and food
consumption in all dose groups. A NOAEL for maternal toxicity was not
established and should be considered to be < 5 mg/kg/day.

4. There was a slight but significant decrease in the mean fetal weights in the mid-
dose and high-dose animals (5-6%) compared to control animals.

S. There were no significant malformations (external, soft tissue or skeletal) between
treatment groups, indicating that oxymorphone was not teratogenic under the
conditions tested. '

6. There was a slight increase in the incidence of fetuses with variations (fetuses
with unossified pubis, accessory skull bone(s), 27 presacral vertebra and bent ribs,
however, these changes were not statistically signiﬁcant and/or were within the
historical control range.

7. Overall the results suggest that the NOAEL for maternal toxicity was < 5 mg/kg
based on findings consistent with exaggerated pharmacology a53001ated with the
opioid class of compounds.

8. Developmental toxicity was noted at both the mid-dose and the high-dose groups

based upon decreased mean fetal body weights. Therefore the NOAEL for

developmental toxicity was 5 mg/kg/day (in agreement with the sponsor).

DN

Study no.: 411006
Volume #, and page #: Electronic Document Room
Conducting laboratory and location:

e

Date of study initiation: March 2, 2001

GLP compliance: : Yes

QA reports: ' yes{(X)no( )

Drug, lot #, and % purity: Oxymorphone hydrochloride USP, Lot 0881

A 42771, === nurity (dose calculations were corrected based on the purity of the test
article).

Methods
Doses: 5, 10 and 25 mg/kg/day
Species/strain: Female == CD(SD)IGS BR
rats from emmme———— _
Number/sex/group: 25 females/group

Route, formulation, volume, and infusion rate: Oral gavage, dissolved in water,
dose volume of 10 ml/kg based upon the most recently recorded body weights.

Satellite groups used for toxicokinetics:

Study design: Animals were dosed once a
day on gestation days 6-17. Dosing was based on the results of a dose-range-finding
study in pregnant female rats ( s .-411005).
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The following table presents the study group assignmment:

Dosage Dosage Number
Dosape Level®  Concentration®  Volume Of
Group Test Article (mp/kp/day) {mp/ml} (ml/ke) Females
1 Vehicle Control ¢ 0 10 25
2 Oxymorphene HC1 5 0.5 10 25
3 Oxymorphone HCL 10 1 10 25
4 Oxymorphone HCL 25 2.5 10 25

* = Expressed in terms of the oxymerphone salt.

Parameters and endpoints evaluated: Animals were observed twice daily for
mortality and moribundity. Clinical observations regarding general appearance and
behavior were recorded from gestation days 0 through 20. Clinical observations included
evaluation of changes in skin and fur appearance, eyes, mucous membranes, respiratory
and circulatory systems, autonomic and central nervous systems, somatomotor activity
and behavior. Animals were necropsied at scheduled euthanasia and the number and
location of implantation sites, corpora lutea and the number of viable fetuses were
recorded. Recognizable fetuses were examined externally and preserved in 10% neutral-
buffered formalin. Body weights were recorded on gestation days 0, 6-18 and 20. Food
consumption was recorded on gestation days 0, 6-18 and 20. Gravid uterine weights
were recorded on at gestation day 20 at time of sacrifice. At necropsy, the thoracic
abdominal and pelvic cavities were opened by a ventral midline incision and the contents
were examined. The uterus and ovaries were removed. The number of corpora lutea on
each ovary was recorded. Uteri with no macroscopic evidence of implantation were
opened and subsequently analyzed for early implantation loss.

Fetal morphological examination. Each fetus was sexed, weighed and subjected to a
detailed external examination including the eyes, palate and external orifices. Crown-
rump measurements and degree of autolysis were recorded for late resorptions. Each
fetus was examined viscerally and the sex was verified by internal examination. Fetal
kidneys were examined and graded for renal papillae development. External, visceral
and skeletal findings were recorded as developmental variations (alterations in anatomic
structure that are considered to have no significant biological effect on animal health or
body conformity) or malformations (structural anomalies that alter general body
conformity, disrupt or interfere with body function or are generally thought to be
incompatible with life).

Toxicokinetic analysis was conducted in a satellite group consisting of 20 animals dosed
with 0.5 or 2.5 mg/kg/day. Blood samples were collected from 3 rats/group/time point
via the retro-orbital sinus. Blood collection was according to the following schedule:
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A Predose, 8 hr 3

B 0.5 and 10 hr 3

C 1and 12 hr 3

D 2and 16 br 3

B 4 and 20 hr 3

E 6 and 24 hr 3
Results

Mortality (dams): One female in the high dose group (25 mg/kg/day) was found dead
prior to dosing on gestation day 7. This death was considered to be related to treatment.

Incidence (n=25/group)
Mortality in Females Dose oxymorphone (mg/kg)
/ 0 5 - 10 25
Deaths prior to scheduled sacrifice 0 0 0 1

Clinical signs (dams): Pharmacological effects were noted 1 hour following dose
administration and included hypoactivity, Straub tail, prostration, full body tetany and
swaying from side to side.

Clinical Observations in dams Incidence (n=25/group)
(1 Hour Post-Dose) Dose oxymorphone (mg/kg)
0 5 10 25

CNS/Behavior

Straub tail. 0/0 0/0 212 10/8

Rocks, lurches and sways as it walks 0/0 /1 10/8 23/14

Prostrate © 0/0 0/0 0/0 5/5

Hypoactive 0/0 1/1 13/8 25/13

Full body tetany 0/0 0/0 0/0 2/1

Head swaying side to side 0/0 372 2/2 0/0

Excessive chewing of limbs 0/0 0/0 91 7/5

Excessive chewing of caging 0/0 0/0 0/0 /1.

Excessive chewing of tail 0/0 0/0 1/1 0/0
Body / Integument .

Wet, yellow material urogenital area 0/0 0/0 0/0 /1

Dried red material right forelimb 0/0 0/0 0/0 1/1

Wet red material right forelimb 0/0 0/0 0/0 3/1

Wet red material left forelimb’ 0/0 0/0 0/0 4/2

Wet red material right hindlimb 0/0 0/0 0/0 1/1
Cardio-Pulmonary

Rales 0/0 0/0 0/0 1/1
Eyes/Ears/Nose

Exophthalmus right eye ' 0/0 81/20 125/25 127722

Exophthalmus left eye 0/0 81/20 125/25 129722

Wet red material around nose 0/0 0/0 0/0 1/1
Oral/Dental

Wet red material around nose 0/0 0/0 0/0 32

170



Reviewer: Mamata De, Ph.D.

NDA No. 21-610 & 21-611

n/n = total occurrence/number of animals; -- = no data recorded

Body weight (dams): There was a dose-related decrease in body weight which became
significant on gestation day 9-10 in the mid-dose and high-dose groups, respectively.
Decreased body weight was also significant in the low dose group beginning on gestation

day 13.

TABLE 4
FPOJECT NO. ™™ -41100% STUDY OF OXYMOREHOME HYDROCHLOHRIOR ON EMBRYO/FETAL DEV. IN RATS PAGE 1
SECNEOR;ENDO PRAPM., INC. MBAN BODY WRIGHTS (GRAMB} DURING GRETATION
GROUP 1 2 3 4
mAY. @ HBAN 261, 254. 259, 259,
8.D./N 11.3/3s 7.9/34 13.,9/24 1¢.1/24
my & MEAN 299. a0z, 394. 295,
§.1.L/N 12.5/28 11.e/2¢ 15.4/2¢ 14.0/2¢
oAy 7 MEAN 290, 1q3. 298. 201,
8.0./9 14.1/25 11.4/24 15.9/24 19.9/23
my 8 NBAN 204, 304. 204, 203,
5.0./N 14.8/35 12.3/24 17.1/24 19.5/23
myY 9 MBAN 309, 306, 295, %% 299.
E.D./N 15.0/25 13.1/24 16.7/324 17.9/23
pay 14 MRAN a15. 308, 295. %% 291.4»
£.0./N 15.7/45 15.0/3¢ 17.0/23 13.9/23
my 11 MEAN 2213, a1s. : 300. % 283,49
£.0./N 15.8/25 14.6/24 15.6/24 13.3423
DAY 12 HEAN 230. 320. 365,44 296,14
5.0./N 16.6/25 13.5/2¢4 18.5/24 15.2/23
DAY 13 MEAN 31s. 3732, 309, %% aad. e
£.0./N 16.8/35 14.9/2¢ 18.0/24 1¢.7/23
oAy 1 MEAN EEER 329, EFURRT 309.4%
£.D./N 15.3/28 15.9/2¢ 17.9/24 1€.3/23
may 1§ MEAN 344 235.% 220.9% EET T
8.D./N 15.2/35 17.2/24 16.0/24 14.5/23
DAY 16 MBAN 360. 347, 227,44 317,49
s.0./N 16.0/25 19.1/2¢ 19.4/23¢ 21.3/23
oAy 17 MEAN 376, 260,94 ETERET 330,97
&.0./N 17.0/25 18.3/2¢ 19.9/3¢ - 18.5/23
DAY 18 MEAN 193, 277,94 359,90 3¢9,%r
B.O./N 18.7/25 19.4/2¢ : 20.1/24 19.9/23
oY 20 MBAN 432, 411, %% 380, %» 359.9%
5.0./N 21.4/35 21.5/24 52.4/24 22.9/33

1- 0 M3/KG/DAY

3- 10 MG/HG/OAY 4- 25 MG/EG/OAY

+ - pigaificantly different f£rom the control group ab 0.05 using Dunnetk's test
*% - gigaificantly different from the cootrol group at 0.61 using Dunnetb’s test

NONGRAVIO $WRIGHT (8) NOT INCLUDED IN CALCULATION OF MEAN

PERYSUWL
06/29/3t

Initial body weight, terminal body weight, gravid uterine weight, net body weight and net
body weight change are presented in the table below.

Parameter Summary of body weights of dams (n=23-25/group)
(% A of control) Dose oxymorphone (mg/kg/day)
5 10 25
Initial body weight +1 -1 -1
Terminal body weight -5¥ -12* -17%
Gravid uterine weight -1 -8* -11%
Net body weight -0% -13%* -19%
Net body weight change -30% -56* -80*

Food consumption (dams): Food consumption was significantly reduced by all doses of
oxymorphone tested. Doses of either 10 or 25 produced a significant decrease in food
consumption beginning with the first day of treatment (day 6-7 gestation). The low dose
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of 5 mg produced a slight decrease in food consumption with statistical significance
beginning at study day 8-9. The sponsor’s figure below illustrates the dose-dependent
decrease in food consumption in the dams during gestation.

——n
PROJECT NO ~411806 FIGURE 3
SPONSOR (tENOO FHARM., INC. ETU0Y OF OXYMORPHONR HYDROCHLORIDE ON MRYO/FBT.‘AL DEV. IN RATS
MEAN FOOD CONSUMPTION DURING GRSTATION (GRAMS/ANIMAL/OAY)
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Toxicokinetics: Toxicokinetic analysis demonstrated that females dosed with either 5 or
25 mg/kg showed a dose related increase in the Cinax and AUCyq values. There was no
clear evidence that the AUC24 was altered from gestation day 6 to day 17. Initially, the
high dose of oxymorphone increased the Tmax and the t¥2 compared to the low dose,
however, by day 17, there was not clear difference between these parameters. Overall,
the study clearly indicates that the female animals were exposed to significant amounts of
oxymorphone. The table and charts below, taken from the sponsor’s analysis
summarized the toxicokinetic results for this study.

Taxicokinetic Parameters for AH Data

Gestation| Dose | Tammx | Cmax | C2a | AUCs | & | 4p | AUG, ClF
Day mg/kg | hr | ng/mL | ng/mL | br¥ng/mL | Vhe | hr | hr*ag/ml | D/hrtkg

6 3 1 584 | 0.30 4201 | 0.1 3.67 43.60 114.68
6 25 3844 | 503 | 31146 0041678} 43310 57.72
17 3 05 | 11.05] 031 52,59 (017} 399 54.39 91.94
17 25 0.5 |104,53] 316 | 35005 1012| 555 | 37534 66.61

Plasma concentrations for the 5 and 25 mg/kg/day groups (a subset of 3 animals for each
data point was used) on gestation day 6 were plotted and presented below:
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Figure 1: Plasma Concentration versus Time — GD 6; 5 mg/kg
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Figure 3: Plasma Concentration versus Time — GD 6; 25 mg/kg
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Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and post-
implantation loss, etc.):

Maternal necropsy data. The female animal in the high dose group that was found dead
on gestation day 7 did not present with any internal abnormalities. Likewise all animals
that survived to the scheduled sacrifice failed to demonstrate abnormalities upon
necropsy. One female in the control group demonstrated fused placenta.

Gestation Day 20 Laparohysterectomy Data. There were no differences noted in the
mean viable fetuses, % males, % females, dead fetuses, early resorptions, late resorptions,
post implantation losses, implantation sites, corpora lutea, preimplantation losses or the
number of gravid females. There was a slight but significant decrease in the mean fetal
weights in the mid-dose and high-dose animals (5-6%) compared to control animals.

This has been reported for other opioids and is likely treatment-related (Fujinaga, et al.,
1986; Fujinaga and Mazze, 1988).

Offspring (malformations, variations, etc.): There were no significant differences in the
number of malformations (external, soft tissue or skeletal) between treatment groups.

Examination of the fetuses for variations demonstrated an increase in the incidence of
several skeletal variations. Although there was a slight increase in the incidence of
fetuses with unossified pubis, accessory skull bone(s), 27 presacral vertebrae and bent
rib(s), these changes were not statistically significant. All doses increased the mean
number of animals with 14" rudimentary rib(s). The response, however, does not appear
to be dose-dependent is within the historical control values, and the control values are
below the historical control values. Therefore, the response does not appear to be clearly
related to the drug treatment. Historical control data for the other findings suggest that
they are within historical values with the exception of the one animal demonstrating
accessory skulls bone(s) out of 370 fetuses in this study compared to no observations in
the 403 historical litters.

% per litter of fetal variations (n=23-25/group)
Parameter Dose (mg/kg) — 0 S 10 25 Historical
Control

Number litters examined skeletally 25 24 24 23 403

% with 14™ Rudimentary rib(s) 1.4% 92% | 62% 11.9% 2.5-12.0%

% with Pubis unossified 0 0 0 0.5% 0.0-0.5%

% with Accessory skull bone(s) 0 0 0 0.3% 0%

% with 27 presacral vertebrae 0 0 0 0.3% 0.0-1.8%

% with Bent rib(s) 0 0 0 0.3% 0.0-0.6%

Appears This Way
On Original
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Study title: A Study of the Effects of Oxymorphone Hydrochloride on
Embryo/Fetal Development in Rabbits

Key study findings: Female rabbits were treated with oxymorphone from gestation day
7 through gestation day 20 in a definitive segment II study with the following key
findings:

1. There were no clear treatment-related mortalities or early abortions noted in the
study.

2. Clinical signs such as hypoactivity and decreased defecation were noted in all
treatment groups in a dose-related manner. The mid-dose and high-dose
group also demonstrated a few incidences of lacrimation, excessive chewing,
exophthalmos and mydriasis.

3. Maternal body weights were decreased in a dose-related manner at all doses tested
during the first 3 days of treatment. Body weights of dams treated with 25 or
50 mg/kg/day remained reduced throughout the treatment period, while
animals in the low dose group did not demonstrate an overall body weight
gain during the treatment period. Food consumptlon followed a similar
pattern.

4. There was a significant decrease in the mean fetal weight of male pups (| 16%)
born to the high-dose dams, but this decrease was not noted in the females
(17%) of the combined fetuses (| 10%).

5. There were no clear increases in the incidence of fetal malformations or
variations. Some offspring malformations were noted (mandibular
micrognathia, aglossia, lobular agenesis of the lung, sterneabrae fused or
forked rib), however, these were either not statistically 31gmﬂcant or were
within the range of historical controls.

6. The NOAEL for maternal toxicity was < 10 mg/kg based upon the increased
incidence of hypoactivity, decreased defecation, body weight and food
consumption. Based upon the presence of maternal toxicity, the study is
considered to be valid.

7. The NOAEL for fetal development was 25 mg/kg/day based upon a decrease in
fetal body weights in males at the high dose (in agreement with the Sponsor).

Study no.: wemeee 411008

Volume #, and page #: Electronic Document Room

Conducting laboratory and location: " ' —

Date of study initiation: February 1, 2001

GLP compliance: Yes

QA reports: yes{(X)no( )

Drug, lot #, and % purity: Oxymorphone HC1 USP, Lot 0881 A42771,

~sm (doses were corrected based upon the purity of the test article.

Methods -
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Doses: 4 0, 10, 25 and 50 mg/kg/day

from gestation day 7-20.
Species/strain: =~ (NZW)SPF rabbits
Number/sex/group: 25/group. The following

groups were employed for the main study:
The following table presents the study group assignment:

Dosage Dosage:  Number
Dosage Level® Concentration®  Volume of
{renp Test Article (me/ko/day) (me/ml) (Uke)  Femal
1 Vehicle Control 0 0.0 1.5 25
~ Oxymorphone
2 Hydrochloride 10 6.67 1.5 25
" Oxymorphone
3 Hydrochloride 25 16.67 1.5 25
Oxymorphone
4 Hydrochloride 50 33.33 1.5 25

* = Expressed in terms of the oxymorphone salt.

Dosing was based upon the results of a dose range-finding study conducted in pregnant
female rabbits (mmem-411007). v

Route, formulation, volume, and infusion rate: Oral gavage, single daily dose.

Satellite groups used for toxicokinetics:  0/group

Study design: Animals were dosed from day 7-20 of gestation. The study design
consisted on one vehicle control group and three treatment groups as indicated in the
table above. Rabbits were artificially inseminated. The day of insemination was
designated as gestation day 0.

Parameters and endpoints evaluated: Maternal observations during gestation
included clinical signs and survival. In addition, body weights were recorded on
gestation days 7, 7-21, 24 and 29. Gravid uterine weights were collected at gestation day
29 laparohysterectomy. Food consumption was recorded daily from gestation days 0-29.
Blood samples were collected on the first and last days of dosing (gestation day 7 and 20,
respectively at one and 24 hours following dosing. Necropsy was conducted at day 29
following laparohysterectomy. The thoracic, abdominal and pelvic cavities were opened
and the contents were examined. The uterus and ovaries were excised, weighed and
opened. The number of fetuses, early and late resorptions, if present, and the total
number of implantation sites were recorded. The number of corpora lutea on each ovary
was recorded and the individual uterine distribution of implantation sites was
documented. Uteri with no macroscopic evidence of implantations were opened and
‘analyzed for early implantation loss.

Each fetus was weighed, sexed and examined for external abnormalities. Crown-rump
measurements were recorded for late resorptions. The sex of each fetus was determined
internally and the viscera examined. Fetal kidneys were examined for renal papillae
development. Carcasses were fixed and stained for skeletal examination. External,
visceral and skeletal findings were recorded for developmental variations (alterations in
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anatomic structure that are considered to have no significant biological effects on animals
health or conformity, representing slight deviations from normal) or malformations
(structural anomalies that alter general body conformity, disrupt or interfere with body
function or may be incompatible with life).

Results

Mortality (dams): One control female died on gestation day 13 of unapparent causes.
One female in the low dose group aborted on gestation day 21. This animal was
hypoactive on gestation day 16 and 17, had hair loss on the inguinal areas and/or
urogenital area during gestation days 15-21. As no abortions or deaths were noted in the
mid-dose or high-dose group, these findings do not appear to be attributed to the
oxymorphone treatment.

Summary of material survival and pregnancy
status (n=25/group)

Parameter Dose (mg/kg) — 0 10 25 50
Females in study 25 . 25 25 25
Females that aborted or delivered 0 1 0 0
Females that died 1 0 0 0
Females that were euthanized 0 0 0 0
Females examined at scheduled necropsy 24 24 25 25
Total females gravid 24 23 23 20

Clinical signs (dams): Clinical signs were recorded during daily examinations as well as
I-hour post dose. The table below summarized the incidence of clinical findings during
the daily examinations.

Daily examinations Incidence of treatment-related clinical signs
(n=24-25/group)
Parameter Dose (mg/kg) — 0 10 25 50
Body/integument
Dried brown material base of tail 0/0 4/3 2/1 11/5
Hair loss dorsal posterior area 0/0 0/0 i/1 772
Eyes/Ears/Nose '
Lacrimation right eye 0/0 0/0 0/0 8/1
Lacrimation left eye 0/0 0/0 0/0 6/2
Excreta
Decreased defecation 0/0 3/2 76/17 52/19
Oral/Dental
Upper left incisor missing 0/0 0/0 0/0 9/1
Upper right incisor missing 0/0 0/0 0/0 6/1

n/n = total occurrences/number of animals
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1-hour post dose Incidence of treatment-related clinical signs
. (n=24-25/group)
Parameter Dose (mg/kg) — 0 10 25 50
Behavior/CNS
Hypoactive 2/2 19/15 48/21 61/22
Excessive chewing on cage bottom 0/0 0/0 1/1 1/1
Eyes/Ears/Nose
Lacrimation of right eye 0/0 0/0 0/0 2/2
Mydriasis right eye 0/0 0/0 1/1 2/2
Mydriasis left eye 0/0 0/0 1/1 2/2
Lacrimation left eye 0/0 0/0 0/0 2/2
Exophthalmus right eye 0/0 0/0 1/1 2/2
Exophthalmus left eye 0/0 0/0 11 3/2
Excretia
Soft stool 0/0 0/0 0/0 1/1

n/n = total occurrences/number of animals

Body weight (dams): Maternal body weight losses were noted during the first 3 days of
dosing (gestation days 7-10) for all doses of oxymorphone tested. The body weights of
dams in the 25 mg/kg and the 50 mg/kg group remained low throughout the dosing
period. The dams treated with 10 mg/kg/day demonstrated reduced body weight gain
compared to control animals throughout the dosing period. These observations are
depicted in sponsor’s figure 1 below. During the post-treatment period, all animals
demonstrated an increase in body weights with the mid-dose and high-dose group
appearing to gain faster than the 10 mg/kg and control groups, suggesting recovery. This
decrease in body weight is considered to be related to the drug-treatment. Mean gravid
uterine weights were similar across treatment groups.

Appears This Way
On Original
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PROJECT NO. 411008
SPONSOR:ENDO PHARMACEUTICALS

FIGURE 1
STUDY OF OXYMORPHONE HYDROCHLORIDE
ON DEVELOPMENT IN RABBITS
MEAN BODY WEIGHTS (GRAMS)
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Food consumption (dams): Food consumption in the dams was significantly reduced in a

dose-related manner throughout the treatment period. Mean food consumption during
gestation (days 7-21) was reduced by 33, 62 and 69% following oxymorphone treatments
of 10, 25 and 50 mg/kg, respectively. These reductions were considered to be treatment-
related. Food consumption in all groups returned to normal following cessation of the
drug treatment. These observations are depicted in the table and figure below:

Food Consumption (n=20-23/group)
(% of Control, grams/animal/day)
Interval Dose (mg/kg) — 10 25 50
Day 7-21 -33% -62% -69*
Day 21-29 +7 +4 +4
.Day 0-29 -13% -30%* -34%*
Appears This Way
On Original
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PROJECT NO. "™ 411008 PIGURE 3
SPONSOR:ENDC PHARMACBUTICALS STUDY OF OXYMORPHONE HYDROCELORIDE
ON DEVELOPMENT IN RABBITS
MRAN FOOD CONSUMPTION (GRAMS/ANIMAL/DAY)
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Toxicokinetics: Toxicokinetic analysis in the range-finding study suggested that the peak

plasma concentration of oxymorphone were obtained approximately 0.5 to 1 hour post

dose. Therefore blood levels at 1 hour post-dose were compared. Increasing the dose of

oxymorphone produced an increase in the plasma concentration of drug. There were no

apparent differences in blood plasma levels between the first dose and the last dose.
Table 1: Comparison of the results from the analysis from the range-finding study with
those obtained in the definitive study.

Dose Stud.y 1 hour (ng/mL) 1 hour (ng/mL)
Group Davt Range-Finding Study | Definitive Study
(mg/kg) Day ( — -411007) (—=—-411008)
1 7 1.74
10 7 9.7
25 7 11.87 19.00
50 7 45.88
75 7 135.7
1 20 1.44% '
10 - 20 9.03
25 20 15.0 14.88
50 20 21.92
75 20 32.47

+ - Study day is the same as gestation day.
* - Method 2 value
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