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I agree that there are no pharm/tox approvability issues for this NDA. The latest labeling
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PHARMACOLOGIST’S REVIEW OF NDA 21-775
(Amendment dated January 11, 2008; Amendment dated January 25, 2008)

Sponsor & Address: Adolor Corporation
Exton, PA
Reviewer: Tamal K. Chakraborti, Ph.D.
Pharmacologist, HFD-180
Date of Submission: January 11, 2008 and January 25, 2008
Date of Receipt: January 14, 2008 and January 26, 2008
Date of Review: February 11, 2008
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Category: Opioid p receptor antagonist.
Indication: Alvimopan is indicated for the treatment of es—— S STEp——————————
Submission Contents:

1. Clarification of interpretation of mouse carcinogenicity data
2. Clarification for findings for the rat carcinogenicity study as requested by the Exec CAC

Sponsor’s Interpretation and Conclusions for the Mouse Study: Upon receipt of the FDA’s
backgrounder for the Advisory Committee of January 23, 2008, the sponsor noted the Agency’s
conclusion of the mouse carcinogenicity study and stated that they do not agree with the
Agency’s conclusions. Per Agency’s conclusions, alvimopan caused significant increase in the
incidences of fibroma, fibrosarcoma and sarcoma in the skin/subcutis, and
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osteoma/osteosarcomas in bones of female mice. The sponsor disagreed with the Agency’s
conclusion, and continued to support their previous interpretations in the study reports and other
summary texts. The sponsor stated that the inter-group variation in tumor types noted in the
mouse study, which achieved statistical significance in only some analyses, were fortuitous
events and not associated with alvimopan treatment. The sponsor believed that results of -
genotoxicity and carcinogenicity studies identified no risk to patients for the intended post-
operative ileus (POI) indication and dose-regime. Sponsor’s conclusions were based on the
following factors: :

1. Analysis of the historic ranges for osteogenic and fibroblastic tumors in CD-1 mice, in
comparison with control and treated mice in this study, suggest no treatment related
effects.

2. There was no treatment related effect on time of onset, or first tumor observations.
3. There were no common sites of tumor formation for osteogenic and fibroblastic tumors.

4. The presence or degree of statistical significance is dependant on which control group
(Water or Vehicle) is used in the comparison.

5. 'Alvimopan is not mutagenic or clastogenic in standard tests, suggesting no genotoxic
carcinogenic risk.

6. There was no evidence for any treatment-related degenerative, inflammatory or
proliferative changes, suggestive of non-genotoxic carcinogenesis, in this or previous
studies.

7. There was no evidence of an increase in other mesenchymal tumors in alvimopan treated
mice.

8. There are no remarkable changes in tumour incidence in rats at doses up to 500
mg/kg/day.

Reviewer’s Comments: The Exec CAC met again on January 15, 2008 to discuss sponsor’s
interpretations and conclusions of the mouse carcinogenicity study. In that meeting, the
Agency’s statisticians confirmed that alvimopan caused a small, but statistically significant
increase in the incidences of fibroma, fibrosarcoma and sarcoma in the skin/subcutis and
osteoma/osteosarcoma in bones of female mice. The significance of these findings to humans is
unknown. This type of finding, particularly for this type of indication for short-term use, would
not generally preclude approval. The carcinogenicity data for alvimopan were evaluated using
the Agency’s normal criteria used for evaluation of the findings for other drugs. In the absence
of historical control data for the vehicle (10% w/v/ aqueous acacia), the Agency considered that
vehicle controls is the relevant control for tumor comparison. In addition, sponsor’s comparison
to the water control was not considered acceptable as per the Agency’s criterion for comparison.
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In addition, the historical data for the water control had a wide variation and were from a
different laboratory. Based on these, we stand by our conclusions that alvimopan caused
statistically significant increase in the incidences of fibroma, fibrosarcoma and sarcoma in the
skin/subcutis and osteoma/osteosarcoma in bones of female mice.

This submission also responds to the Division facsimile dated December 17, 2007, in which
clarification was requested by the Executive CAC for findings in the rat study. The Exec CAC
- requested the following clarification for the rat carcinogenicity study (from the Exec CAC
meeting minutes dated December 4, 2007):

“The Committee tentatively concluded that there were no drug-related tumor findings in either
sex. However, the Committee asked for a clarification of the discrepancy between the incidence
of thymoma (epithelial) in the thymus of male rats in the tumor data set submitted for statistical
review (Male: 3 of 57, 0 of 60, 0 of 60, 2 of 58 and 3 of 58 for Group 1, 2, 3, 4 and 5,
respectively) and that presented in the study report for the pharmacology/toxicology review
(Male: 0 of 57, 0 of 60, 0 of 60, 0 of 58, and 1 of 58 for Group 1, 2, 4, 5 and 6, respectively, from
Table 7, page 161 of the study report).”

Sponsor’s Clarification for the Rat Carcinogenicity Study as Requested by the Exec CAC:

In the rat carcinogenicity study, groups of 60 male and female rats were assigned to the
following treatment groups: Group 1: Water control Group 2: Vehicle control Group 3: 30
mg/kg/day (note — females only) Group 4: alvimopan 100 mg/kg/day Group 5: alvimopan 200
mg/kg/day Group 6: alvimopan 500 mg/kg/day.

As listed in the final report [Table 7, page 169 (all animals)] the incidence of thymoma
(epithelial) tumor in the thymus in males was 0 of 57; 0 of 60; 0 of 60; 0 of 58; 1 of 58 animals
for Groups 1, 2, 4, 5 and 6, respectively. The thymus was missing from 3 rats from Group 1, 2
rats from Group 5 and 2 from Group 6, and that was why the total number of tissues examined
was less than 60 for these dose groups.

As per the direction in the CDER Guidance for Industry (IT3: Providing Regulatory Submissions
in Electronic Format; 1999), the missing tissues were included in the tumor dataset submitted for
statistical review. In the Complete Response dated August 9, 2007, the numeric code ‘3 in the
ORGANEXM column was used to identify when tissues were missing. The table below (from
the sponsor’s response ) is a section of the tumor dataset extracted to the “Excel” program
showing that for males, in addition to the single incidence of thymoma (epithelial), there were 7
occasions when thymus was missing with a group incidence detailed above.
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Extract from Tumor Dataset for Thymus (males)

STUDYNUM | ANIMLNUM | DOSEGP | TUMORNAM | ORGANNAM | ORGANEXM
BVR389 2 1 THYMUS 3
BVR389 12 1 THYMUS 3
BVR389 15 1 THYMUS 3
BVR389 196 5 THYMUS 3
BVR389 201 5 THYMUS 3
- B-THYMOMA
BVR389 254 6 | (EPITHELIAL) | THYMUS 1
BVR389 285 6 THYMUS 3
BVR389 292 6 | THYMUS 3

The sponsor stated that it would appear that the group incidence for thymoma (epithelial)
referred to in the Exec CAC’s recommendation and conclusion may assume their occurrence in
the missing tissues, resulting in a noted incidence of 3 of 57, 0 of 60, 0 of 60, 2 of 58 and 3 of 58
for Groups 1, 2, 4, 5 and 6, respectively. The sponsor examined their “Excel” spreadsheet
derived from the SAS (statistical analysis system) file that had failed to find an explanation why
the missing tissues appeared to have been associated with thymoma (epithelial) leading to the
discrepancy noted by the Agency. The sponsor confirmed that the incidence of diagnosed
thymoma (epithelial) tumors is as stated in the final report.

Reviewer’s Comment: Sponsor’s above clarification for the rat carcinogenicity data was
communicated to the Exec CAC by the reviewer on February 1, 2008. Based on the sponsor’s
clarification, the statistical reviewer corrected the original tumor data in the rat database and
reran the Peto trend test on the corrected data. The result from Peto’s trend test shows that the
dose response for the incidence of thymoma (epithelial) is not statistically significant (p > 0.025).
The statistical reviewer concluded that there was no significant tumor finding in the rat
carcinogenicity study (Statistical Review of NDA 21-775, Addendum dated February 8, 2008).

v

RECOMMENDATIONS:

1. We do not concur with sponsor’s interpretation and conclusion of the mouse
carcinogenicity study results.

2. We stand by our conclusion that alvimopan caused statistically significant increase in the
incidences of fibroma, fibrosarcoma and sarcoma in the skin/subcutis and '
osteoma/osteosarcoma in bones of female mice.

3. Sponsor’s clarification for the rat carcinogenicity study as requested by the Exec CAC
appears to be adequate and acceptable and the rat study was concluded to be negative as
per the Agency’s reanalysis of the tumor data based on sponsor’s clarification.
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CC:

HFD-180

HFD-181/CSO
HFD-180/Dr. Chakraborti
HFD-180/Dr. Chakder

Tamal K. Chakraborti, Ph.D. Date
Pharmacologist, HFD-180

Comment:

Sushanta K. Chakder, Ph.D. Date

Acting Team Leader, HFD-180



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature.

\
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PHARMACOLOGIST .
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PHARMACOLOGIST
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PHARMACOLOGIST’S REVIEW OF NDA 21-775
(Amendment Dated January 10, 2008)

Sponsor & Address: Adolor Corporation

Exton, PA
Reviewer: Tamal K. Chakraborti, Ph.D.

Pharmacologist, HFD-180
Date of Submission: January 10, 2008
Date of Receipt: January 10,2008
Date of Review: January 18, 2008
Drug: Alvimopan Capsules (SB-767965)
Structure:
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Category: Opioid p receptor antagonist.
Indication: Alvimopan is indicated for the treatment 0f e ——————————————

Submission Contents: The sponsor submitted the report of intravenous bone marrow
micronucleus test in mice with ADL 08-0011, the active metabolite of alvimopan.

GENETIC TOXICOLOGY

In Vivo Mouse Micronucleus Assay with ADL 08-0011 Administration)

~ Key Findings: Negative

Study No.: emsss®  Study No. AC07BM.123.BTL, Adolor Project No. 14TX025
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Conducting Laboratory and Location: ecmmsssssesmmmmms

Date of Study Initiation: September 27,2007

GLP Compliance: A statement of compliance was included.

A Report: yes (x) no ()
Drug: ADL 08-0011, Lot No. AF04011, 99.7% pure

Vehicle: Sodium chloride for injection, 0.9% w/v, USP (saline), adjusted to pH 11, was used as
the vehicle for ADL 08-0011 monohydrate.

Methods: The assay was performed in two phases. The first phase, the toxicity study (dose
range finding study), was designed to assess the toxicity of the test article and to set dose levels
for the definitive micronucleus study. The second phase, the definitive micronucleus study, was
designed to evaluate the potential of the test article to increase the incidence of micronucleated
polychromatic erythrocytes (MPE) in bone marrow of male and female ICR mice. In the
definitive phase of the study, the vehicle was used as the negative control and cyclophosphamide
monohydrate (CP), at an intravenous dose of 50 mg/kg, as the positive control. In both phases of
the study, test or control articles were administered at a dose volume of 5 mL/kg body weight by
a single intravenous injection (IV injection into the animal’s lateral tail vein). Animals were
observed for signs of toxicity during the course of each study.

For the toxicity study, the test article was administered at 1.25,2.5, 5 and 10 mg/kg. A dose of
10 mg/kg was considered to be the maximum feasible dose (MFD) based on the limited
solubility of the test article in the vehicle (a concentration of 2 mg/mL was the maximum soluble
concentration) and maximum good practice dose volume, 5 mL/kg, for intravenous
administration of solutions to mice. Five male and female mice were assigned to each dose. No
mortality occurred at any dose level during the course of this study. Piloerection was noted in
male and female mice in all dose groups following dose administration. Based upon these results,
the high dose for the micronucleus test was set at 10 mg/kg, the maximum intravenous feasible
dose (MFD).

The micronucleus study consisted of four groups, each containing 10 male and 10 female mice.
Mice were treated intravenously (single administration) either with the vehicle control or with
ADL 08-0011 monohydrate at 2.5, 5, or 10 mg/kg (5 mL/kg). Five male and five female mice
were euthanized 24 hours after treatment and the remaining animals (5/sex) were euthanized 48
hours after treatment. In addition, five male and 5 female mice were assigned to the positive
control group and were euthanized 24 hours after treatment. At the time of euthanasia, femoral
bone marrow was collected and bone marrow smears (slides) were prepared and stained with
May-Gruenwald-Giemsa stain. Two slides were prepared from each mouse. Two-thousand
PCEs per mouse were screened (scored) for the presence of micronuclei resulting in evaluation
of a total of 10,000 PCEs per each treatment group. The number of normochromatic
erythrocytes (NCEs) and micronucleated NCEs (MNCEs) in the field of 1000 total erythrocytes
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(ECs) was determined for each animal in order to determine the proportion of polychromatic
erythrocytes to total erythrocytes (PCEs/ECs). The incidence of MNCEs per 2000 PCEs was
enumerated for each animal. The incidence of micronucleated polychromatic erythrocytes per
2000 PCEs for each mouse and per 10,000 PCEs for each treatment group was determined. The
incidence of micronucleated PCEs and the ratio of PCEs to total erythrocytes (PCEs/ECs ratio)
served as indication of test article clastogenicity and cytotoxicity, respectively. The following
table (from page 14 of sponsor’s report) shows the study design.

TALC LT SAAIALAS BY LAY SIY AL T .

Number of Namber of MicarSex Used
Ifice/Sex for Bone Mamow Collection at
Treatment (5 mLkg) Dosed |34 hws post-dose |48 hrs post-dose
Vehtcle Control: 0.9% wiv sodium chloride for
imjection, USP (saline) sdjmated topH 11 10+3* 3 3
Tast Article: ADE. 08-0011 monchydrate
Eow dose (2.5 mgkg) 10=21% 3 3
Wid dose (3 mgke) 13-+21* 3 3
High dose (10 mzhg) 10+21% 3 3
Posifive Control: CP (50 mgkg) 5 3 0

*Satallite mice assizned for the toxicokinesic porticn: of the sady.

Toxicokinetics: The definitive study consisted of a total of twenty-five toxicokinetic satellite
groups of 3 male and 3 female mice each. In control, blood was collected from three mice at the
predose. Blood was collected from 21 mice/dose group at 5 minutes, 15 minutes, 30 minutes, 1
hour, 4 hours, 24 hours or 48 hours post-dose. Mice in the remaining group were treated with
the vehicle and were used for blood collection at 5 minutes post-dose. Blood was processed to
plasma and plasma will be analyzed for concentrations of ADL 08-0011 free acid for
confirmation of systemic exposure. The sponsor stated that the bioanalytical and toxicokinetic
reports were not included in this report.

Results:

Study validity: The mean incidence of micronucleated PCEs did not exceed the historical
vehicle control range in the vehicle control groups. The vehicle and positive controls were
consistent with the historical control data, indicating that all criteria for a valid test were met as
described in the protocol. No test article was detected in the vehicle control sample. The results
of dosing solution analysis indicated accuracy of preparation and stability of the formulations
used in this study.

Study outcome: The incidence of micronucleated PCEs per 10,000 PCE:s in test article-treated
groups was not statistically increased relative to their respective vehicle controls in either male or
female mice, regardless of dose level or bone marrow collection time. Cyclophosphamide, the
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positive control, caused a statistically significant increase in micronucleated PCEs in both male
and female mice. The following Table (from page 25 of the study report) shows the results.

Table 8.0-4: Summary of Bone Marrow Micronucleus Analysis
Following a Single Intravenous Dose of ADI. 08-0011 monohydrate in ICR Mice

Number PCE/Totad Numberof
Time of Erythrocytes Changefrom  MPCE/1060 PCE Number of
Treatment (S ml/kg)  Sex ) Animals Mean +/- SD) Control (%) {(Mean +/- SD) MPCE/PCE Scored
Vehicle** M 24 5 0463 = 007 -— 01 = 022 1 7 10000
F 24 3 0449 = 006 — 04 = 022 4 7 10000
ADL 08-0011 monohydrate
2.5 mg/kg M 24 5 0482 = 005 4 00 = 000 6 / 10600
’ E 24 3 0534 = 007 19 02 = 027 2 7 10000
Smgkg M 24 5 0434 = 003 -2 01 = 022 1 ¢ 10600
F 24 5 0442 = 005 -2 00 == 000 o / 10000
10 mg/kg M 24 5 -~ 0436 = 004 -6 . 03 = 027 3/ 10000
F 24 5 0476 = 004 [ 02 = 027 2/ 10000
Cyclophosphamide :
50 mg/kg M 24 3 0404 = 007 -13 210 = 312 #2006 7 10000
F 24 5 0377 = 010 -16 295 = 813 *295 /10000
Vehicle®* M 48 5 0472 = 006 -— 01 = 022 1 ¢ 10000
F 48 5 0454 = 004 - 02 = 045 2/ 10000
ADL 08.0011 monohydrate
2.5 mglkg M 48 5 0467 = 004 -1 01 = 022 {10000
F 48 5 0474 = 006 4 02 == 027 2 ¢ 10000
Sng'kg M 48 5 0512 = 008 8 02 = 045 2 7 10000
F 48 5 0424 = 005 7 03 = 037 3/ 10000
10 mg/kg M 48 5 0424 = 0406 -10 03 = 027 3 /10000
F 48 5 0448 = 005 -1 03 = 027 3 /10000

*p < (.05 (Kastenbaum-Bowman Tables)
**Vehicle = 0.9 w/v sodium chloride for injection, USP (salinz) adjusted to pH 11

Appears This Way
On Original

Conclusions: Under the conditions of the assay, a single intravenous (IV) administration of
ADL 08-0011 monohydrate at 2.5, 5 and 10 mg/kg did not cause a significant increase in the
incidence of micronucleated polychromatic erythrocytes in bone marrow. Therefore, ADL 08-
0011 monohydrate was concluded to be negative in the micronucleus test using male and female
ICR mice. It is to be mentioned here that the sponsor did not submit the results of the
toxicokinetic analysis in this submission.
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SUMMARY AND EVALUATION:

This submission is in response to the Division’s recommendation (Division letter dated 10
August, 2007) for a bone marrow micronucleus test with ADL 08-0011 to further explore the
genotoxic potential of the metabolite of alvimopan.

Under the conditions of the assay, a single intravenous (IV) administration of ADL 08-0011
monohydrate at 2.5, 5 and 10 mg/kg did not cause a significant increase in the incidence of
micronucleated polychromatic erythrocytes in bone marrow. Therefore, ADL 08-0011
monohydrate was concluded to be negative in the micronucleus test using male and female ICR
mice. It is to be mentioned here that the sponsor did not submit the results of the toxicokinetic

“analysis in this submission. The sponsor should be asked to submit the toxicokinetic report for
this study.

RECOMMENDATIONS: ADL08-0011, the active metabolite of alvimopan, was negative in
the mouse micronucleus test under the conditions of the study.

Tamal K. Chakraborti, Ph.D. Date
Pharmacologist, HFD-180

Comment:

Sushanta K. Chakder, Ph.D. Date
Acting Team Leader, HFD-180

CC:

HFD-180

HFD-181/CSO
HFD-180/Dr. Chakraborti
HFD-180/Dr. Chakder
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this page is the manifestation of the electronic signature. :

Tamal Chakraborti
1/18/2008 02:15:40 PM
PHARMACOLOGIST

Sushanta Chakder
1/18/2008 02:20:37 PM
PHARMACOLOGIST
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PHARMACOLOGIST’S REVIEW OF NDA 21-775
(Sponsor’s Communication Dated June 15, 2007)

Sponsor & Address: Adolor Corporation
Exton, PA
Reviewer: Tamal K. Chakraborti, Ph.D.
Pharmacologist, HFD-180
Date of Submission: June 15, 2007
Date of Receipt: June 15, 2007
Date of Review: June 18, 2007
'Drug; Alvimopan Capsules (SB-767905)
Structure:
oH
L
Sn

Category: Opioid p receptor antagonist.
Indication: Alvimopan is indicated for the treatment of —e—————————————————

Submission Contents: Proposed Content of Complete Response (CR) to the Agency’s letter
dated November 6, 2006. '

Background: The Division issued an approvable letter for NDA 22-175 dated November 6,
2006 asking the sponsor to submit the 12 month safety findings (including analyses of
myocardial infarction, unstable angina, and other serious cardiovascular events) from Study
SB767905/014 and to develop a risk management plan. In this letter, the sponsor submitted the
proposed revised content of the CR to the Agency’s approvable letter. Subsequent to the
telephone conference on May 29, 2007, the sponsor revised the content of the CR to include the
data and reports requested by the Division. -
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During the above telecon, Dr. Tamal Chakraborti, Pharmacologist, .asked if the sponsor had
tested the alvimopan metabolite (ADL 08-0011) for its genotoxic potential in the mouse
micronucleus assay. In this letter, the sponsor stated: “Adolor conducted the preclinical tests
defined for a major metabolite by the ICH S2A and S2B guidance documents, two in vitro
genotoxicity screens to detect point mutations (Ames) and one to detect chromosomal
aberrations. The guidance recommends a standard battery of genotoxicity studies if the results of
the in vitro test are “equivocal and/or positive,” and the results of the tests with ADL 08-0011
were negative.” In addition, the sponsor stated that final reports of 2-year carcinogenicity studies
in mice and rats will be included in the Complete Response.

SUMMARY AND EVALUATION: The sponsor did not conduct in vivo mouse micronucleus
test with ADL 08-0011, the pharmacologically active metabolite of alvimopan. Sponsor’s above
statement could not be verified in ICH S2A or ICH S2B guidance documents. The ICH S2B
guidance document (July 1997) states: “There are a small but significant number of genotoxic
carcinogens that are reliably detected by the bone marrow tests for chromosomal damage that
have yielded negative/weak/conflicting results in the pairs of ini vitro tests outlined in the
standard battery options, .g., bacterial reverse mutation plus one of a selection of possible tests
with cytogenetic evaluation of chromosomal damage or bacterial mutation plus the mouse
lymphoma tk assay.” ADL 08-0011 was negative in Ames test and chromosomal aberration test
in CHO cells. As mentioned before, the sponsor did not test ADL 08-0011 in bone marrow test
for chromosomal damage. We recommend that the sponsor conduct bone marrow micronucleus -
test with ADL 08-0011. This information is important from the perspective of future labeling.
However, sponsor’s proposal to include final reports of the 2-year carcinogenicity studies in
mice and rats in their Complete Response to the Agency letter dated November 6, 2006 is
acceptable. ’ '

RECOMMENDATIONS:
1. From a pharmacology/toxicology standpoint, sponsor’s proposal to include final reports
of the 2-year carcinogenicity studies in mice and rats in the Complete Response to the

Agency letter dated November 6, 2006 appears to be acceptable.

2. The sponsor should be asked to conduct a bone marrow micronucleus test with ADL 08-
0011 to further explore the genotoxic potential of the metabolite.

Tamal K. Chakraborti, Ph.D. Date
Pharmacologist, HFD-180
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CC:

HFD-180

HFD-181/CSO A
HFD-180/Dr. Chakraborti
HFD-180/Dr. Chakder

Comment:

Jasti B. Choudary, B.V. Sc., Ph.D. Date
Supervisory Pharmacologist, HFD-180
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Tamal Chakraborti
6/19/2007 03:06:07 PM
PHARMACOLOGIST

Sushanta Chakder

" 6/19/2007 03:20:34 PM
PHARMACOLOGIST

Signed for Dr. Choudary
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PHARMACOLOGIST’S REVIEW OF NDA 21-775 o= and IND 56,553
[NDA Amendment # 000 dated August 9,2007;  cm————————— '
—— IND 56,553 Amendment # 283 dated August 10, 2007]
Sponsor & Address: Adolor Corporation
Exton, PA
Reviewer Name: Tamal K. Chakraborti, Ph.D.
Pharmacologist, HFD-180
Date of Submission: | NDA 21-775 Amendment 000: August 9, 2007 (Adolor)
AR

IND 56,553 Amendment 283: August 10, 2007 (Adolor)

Date of Receipt: NDA_2f-775 Amendment 000: "August 9, 2007 (Adolor)
AR
IND 56,553 Amendment 283: August 13, 2007 (Adolor)

Date of Review: November 26, 2007

Drug: Alvimop'an/Entereg® (ADL8-2698/1.Y246736/ SB-76905-KW)
Category: Opioid p receptor antagonist.

Submission Contents:

1. Complete Response to Approvable Letter dated November 3, 2006

2. 104-Week oral (gavage) carcinogenicity study in CD-1 Mice ( ogum Study No.
1990/294; GSK Reference No. M24678)

3. 104-Week oral (gavage) carcinogenicity study in Sprague Dawley (SD) rats (Report No.
R24679; — Study No. BVR/389)

Background: Alvimopan is a relatively selective, competitive, preferably peripherally acting, p-
opioid receptor antagonist that is being developed for the treatment of postoperative ileus (POI
under the IND 56,553, Adolor Corporation).and for the treatment of chronic opioid-induced
bowel dysfunction (OBD —— GlaxoSmithKline). Results from the Study SB-
767905/014, a long-term safety study of alvimopan for the treatment of OBD in chronic non-
cancer patients, demonstrated an imbalance in reports of serious cardiovascular events
(myocardial infarction/MI), an apparent increase in the incidence of benign and malignant
neoplasms in the alvimopan group relative to the placebo group and an increase in the incidence
of bone fractures when compared to the placebo. The Division asked the sponsor to submit the
full reports of the carcinogenicity studies. In this submission, the sponsor submitted reports of
carcinogenicity studies with alvimopan in mice and rats.
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CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC EC) REPORT AND
FDA—CDER RODENT CARCINOGENICITY DATABASE FACTSHEET
Review of Carcinogenicity Study Results.

P/T REVIEWER(s): Tamal K. Chakraborti, Ph.D.
DATE:

NDA: 21-775

DRUG CODE#: ADLS8-2698/LY246736/SB-76905-KW .
CAS#: 170098-38-1

DIVISION: Division of Gastroenterology Products
DRUG NAME: Alv1mopan/Entereg®

CHEMICAL STRUCTURE:

SPONSOR: Adolor Corporation, Exton, PA
LABORATORY: N ————
CARCINOGENICITY STUDY REPORT DATE: June 19, 2007

THERAPEUTIC CATEGORY: Alvimopan is indicated to accelerate the time to recovery of
gastrointestinal function following abdominal or pelvic surgery.

PHARMACOLOGICAL: Opioid p receptor antagonist

MUTAGENIC/GENOTOXIC (y/n/equivocal/na; assay): No. Alvimopan was not genotoxic in
the Ames test, the mouse lymphoma cell (L5178Y/TK ") forward mutation test, the chromosome
aberration test in Chinese Hamster Ovary (CHO) cells, and the oral mouse micronucleus test. ‘
The pharmacologically active metabolite ADL 08-0011 was also negative in both the Ames test
and chromosome aberration test in CHO cells. Overall, alvimopan and its active metabolite,
ADL 08-0011, do not appear to have genotoxic potential.
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MOUSE CARCINOGENICITY STUDY:

STUDY DURATION (weeks): 104

STUDY STARTING DATE: October 29, 2003

STUDY ENDING DATE: June 19, 2007

MOUSE STRAIN: CD-1

ROUTE: Oral (gavage)

DOSING COMMENTS: The sponsor’s used doses of 0 (purified water), 0 (vehicle), 100, 1000
or 4000 mg/kg/day were concurred by the Exec CAC (ExecCAC meeting minutes dated
December 18, 2002).

NUMBER OF MICE:

- Control-1 (Ct1):. 60/sex
Control-2 (C2): 60/sex
- Low Dose (LD): 60/sex
- Middle Dose (MD): 60/sex
High Dose-1 (HD1): 60/sex

MICE DOSE LEVELS* (mg/kg/day):
- Low Dose: 100 mg/kg/day
- Middle Dose: 1000 mg/kg/day
- High Dose-1: 4000 mg/kg/day

BASIS FOR DOSES SELECTED (MTD; AUC ratio; saturation; maximum feasible): Maximum
feasible dose (MFD)

PRIOR FDA DOSE CONCURRENCE (Div./CAC)? (y/n; Date): Yes. (ExecCAC meeting
minutes dated December 18, 2002 attached)

MICE CARCINOGENICITY (conclusion: negative; positive; MF; M; F): Positive in females.

MICE TUMOR FINDINGS (details): Peto’s trend test showed statistically significant dose
responses ("“dose response” refers to the linear component of the effect of the treatment, and not
necessarily to a strictly increasing or decreasing mortality or tumor rate as dose increases) in the
incidence of SARCOMA in the skin/subcutis (p = 0.0063), OSTEOGENIC tumor (p = 0. 0063),
and skin/appendage FIBROBLASTIC tumor (p = 0.0003) in the female mice. The sponsor
stated that the higher incidence of fibroblastic tumors (8.3%) at 4000 mg/kg/day fell within the
historical control range (0 to 9.8%) for this tumor in this mouse strain/sex in this laboratory. The
sponsor did not submit the historical control data. Per the sponsor, the incidence (6.7%) of
osteogenic tumors in females at 4000 mg/kg/day was higher compared to that of the historical
control incidence data (0 to 2.9%). The following table shows the significant tumor findings in
the female mice (from the draft FDA statistical review).
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Female Mice

00 | P-Value .
e |- (Asymp)-:
COMBINED 0.0063
S/A FIBROBLASTIC '
COMBINED TUMOR 0 0 0 5 0.0003
SKIN +
SUBCUTIS SARCOMA - NOS Q 0 0 3 0.0063

Besides the significant results for the tumor types found in trend tests, the statistical reviewer
also performed pairwise comparisons (vehicle control group versus each treated group and
versus water control group). The tumor types with a significant increase in the incidence over the
vehicle control are summarized in the following table (from the draft FDA statistical review).

Hepatocellular
Mice M Vehicle vs 100 mg/kg/d Liver carcinoma 0.0295
Mice F Vehicle vs 1000 mg/kg/d Mammary gland | Adenocarcinoma 0.0313
Mice F Vehicle vs 1000 mg/kg/d | Ovary Cystadenoma 0.0379
Mice F Vehicle vs 4000 mg/kg/d Combined Osteogenic tumor | 0.0424
S/A Fibroblastic
Mice F Vehicle vs 4000 mg/kg/d | Combined tumor 0.0212

Overall, it appears that alvimopan caused significant increase in the incidences of SARCOMA in
the skin/subcutis (trend test, p = 0.0063), OSTEOGENIC tumor (trend test, p = 0.0063), and
skin/appendage FIBROBLASTIC tumor (trend test, p = 0.0003) in the female mice.

MICE STUDY COMMENTS: In this study, groups of mice (60/sex/group) were administered 0
(purified water), 0 (vehicle), 100, 1000 or 4000 mg/kg/day SB-767905-KW in 10% (w/v)
aqueous acacia (10 mL/kg) by oral (gavage) administration once daily for up to 104 weeks.
Survival in the female group at 100 mg/kg/day fell below 15 animals in Week 101, and all
surviving females in this group were sacrificed in Week 101. Survival in the vehicle control
female group fell below 15 in Week 102, and all remaining females from all groups were killed
in Weeks 102/103. An additional 27 animals/sex were included at doses of 0 (vehicle), 100,
1000 or 4000 mg/kg/day SB-767905-KW for toxicokinetic evaluation.

Peto’s trend test showed statistically significant dose responses in the incidence of SARCOMA
in the skin/subcutis (p = 0.0063), OSTEOGENIC tumor crossed organs (p = 0.0063), and
Skin/Appendage FIBROBLASTIC tumor (p = 0.0003) crossed organs in female mice. In
addition, pairwise comparisons also revealed significantly higher incidences of S/A fibroblastic
 (p=10.0212) tumor and osteogenic (p = 0.0424) tumors in females at high dose when compared
to vehicle control. The sponsor stated that the higher incidence of fibroblastic tumors (8.3%) at
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4000 mg/kg/day fell within the historical control range (0 to 9.8%) for this tumor in this mouse
strain/sex in this laboratory. The sponsor did not submit the historical control data. Per the
sponsor, the incidence (6.7%) of osteogenic tumors in females at 4000 mg/kg/day was also
higher compared to that of the historical control incidence data (0 to 2.9%).

Overall, it appears that alvimopan caused significant increase in the incidences of SARCOMA in
the skin/subcutis (trend test, p = 0.0063), OSTEOGENIC tumor (trend test, p = 0.0063), and
skin/appendage FIBROBLASTIC tumor (trend test, p = 0.0003) in the female mice. The dose
selection was per the ExecCAC recommendations (meeting minutes dated December18, 2002).
Overall, the conduct of the study appears to be adequate and acceptable.

- Appears This Way
On Original
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CARCINOGENICITY:

Study title: 104-Week Oral (Gavage) Carcinogenicity Study in CD-1 Mice

Key study findings: In this study, groups of mice (60/sex/group) were administered 0 (purified
water), 0 (vehicle), 100, 1000 or 4000 mg/kg/day SB-767905-KW in 10% (w/v) aqueous acacia
(10 mL/kg) by oral (gavage) administration once daily for up to 104 weeks. Survival in the
female group at 100 mg/kg/day fell below 15 animals in Week 101, and all surviving females in
this group were sacrificed in Week 101. Survival in the vehicle control female group fell below
15 in Week 102, and all remaining females from all groups were killed in Weeks 102/103. An
additional 27 animals/sex were included at doses of 0 (vehicle), 100, 1000 or 4000 mg/kg/day
SB-767905-KW for toxicokinetic evaluation.

The homogeneity tests for mortality data showed statistically significant differences in survivals
for only male mice across treatment groups. P-values from both Cox and Kruskal-Wallis tests
were approximately zero. From Kaplan-Meier Survival Functions for male mice, survival at
1000 mg/kg/day and 4000 mg/kg/day appeared to be much better than the vehicle control group.
For comparisons of the two control groups, in males, the water control (Group 5) demonstrated
significantly lower mortality than the vehicle control (Group 1) (p = 0.032). For females, there
was no significant difference in mortality between the two control groups (p = 0.05).

There appeared to be no significant treatment-related effects on clinical signs, food consumption,
body weight, hematology, and gross pathology. There was a higher incidence (up to 22% and
27% in males and females, respectively) of minimal to slight rhinitis in animals of both sexes at
4000 mg/kg/day, generally involving the anterior-most nasal cavity. This, however, fell within
the historical control data for rhinitis (up to 32% and 38% in males and females respectively).

Peto’s trend test showed statistically significant dose responses in the incidence of SARCOMA
in the skin/subcutis (p = 0.0063), OSTEOGENIC tumor crossed organs (p = 0.0063), and
Skin/Appendage FIBROBLASTIC tumor (p = 0.0003) crossed organs in female mice. In
addition, pairwise comparisons also revealed significantly higher incidences of S/A fibroblastic
(p = 0.0212) tumor and osteogenic (p = 0.0424) tumors in females at high dose when compared -
to vehicle control. The sponsor stated that the higher incidence of fibroblastic tumors (8.3%) at
4000 mg/kg/day fell within the historical control range (0 to 9.8%) for this tumor in this mouse
strain/sex in this laboratory. The sponsor did not submit the historical control data. Per the
sponsor, the incidence (6.7%) of osteogenic tumors in females at 4000 mg/kg/day was higher
compared to that of the historical control incidence data (0 to 2.9%). The dose selection was per
the ExecCAC recommendations (ExeCAC meeting minutes dated December18, 2002 attached).
The conduct of the study appears to be adequate and acceptable.

Overall, it appears that alvimopan caused significant increase in the incidences of SARCOMA in
the skin/subcutis (trend test, p = 0.0063), OSTEOGENIC tumor (trend test, p = 0.0063), and
skin/appendage FIBROBLASTIC tumor (trend test, p = 0.0003) in the female mice.
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Study number: Study No. 1990/294; Report No. M24678
Volume #, and page #: EDR dated August 9, 2007
Conducting laboratofy and location: ———
Date of study initiation: Oc.tober 29, 2003

GLP compliance: A statement of compliance was included.
QA report: yes (X) no()

Drug, lot #, and % purity: SB-767905. The batches and the purity data are shown in the
following table (from 23 of the study report).

CONFIDENTIAL - R oy rvember 1050:264
Sponsor batch number | Punity as dibydrate (%) | Correction factor Hetést date
3030151 489 1011
30401601 987 1013
3040162 9.7 1014
312021 989 1012
31202112 989 101
ADD3T351 91 1009
307020 988 1013
020233 989 1012
312021 985 1012
ADOIT362 - 996 1004
411023 930 1010

CAC concurrence: Yes. (ExecCAC meeting minutes dated December 18, 2002 attached)
Study Type: 2-year bioassay
Species/strain: Mice/CD-1

Number/sex/group; age at start of study: 60/sex/group; 6-7 weeks old
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Animal housing: The mice were housed singly in individual cages. The air supply to the cages
was filtered and provided a nominal 20 air changes/hour at negative pressure (-20 Pa).

Formulation/vehicle: Suspensions at concentrations of 0, 10, 100 and 400 mg/mL in 10% (w/v)
aqueous acacia were dispensed weekly and were stable at room temperature (10 to 30°C) for 16
days.
Drug stability/homogeneity: Suspensibns at concentrations of 0, 10, 100 and 400 mg/mL in
10% (w/v) aqueous acacia were dispensed weekly and were found to be stable at room
temperature (10 to 30°C) for 16 days.
Methods:

Doses: 100, 1000 and 4000 mg/kg/day ,

Basis of dose selection: Maximum feasible dose as per the ExecCAC recommendations

Restriction paradigm for dietary restriction studies: None

Route of administration: Oral Gavage (10 mL/kg)

Frequency of drug administration: Once daily

Dual controls employed: Yes

Interim sacrifices: None

Study Design: The following table (from page 25 of the study report) shows the study

design.
Animal Numbers
Daogs Toxicology Joxicokinefic
Grows | Group Doses Cancentration
Hurker | Description (mgfkgiday] | (mg'mL) Male Femnale | Male Female
1 Vehitle control | O Q 1-60 301-360 | e01-627 | 7049-735
2 Low .100 10 61-120 | 361420 | 628654 | 736762
3 lstermediate 1009 100 {21180 | 421480 | g55-681 | 763-789
4 High 4000 400 181-240 | 481540 | €82-708 | 790-816
3 Waier cordrol (0 Q 241-300 | 541600
2 Dosze wers expressad interms of garent compound
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Satellite PK or special study group(s): Blood samples were collected from
toxicokinetic (TK) animals in Weeks 4 and 26 at 0. 51,2, 4,6, 8, 12 and 24 hours time

points.
Deviations from original study protocol: None mentioned

Statistical methods: Survival probability functions were estimated by using the Kaplan-
Meier method. Permutational tests for both an increasing and a decreasing dose response
in mortality were performed across the vehicle control and the treated groups (Groups 1
to 4). One directional pairwise tests of the treated groups against the vehicle control
group were also performed. The vehicle and water controls (Group 1 and Group 5) were.
compared using two-sided tests.

Tumors of similar histogenic origin were combined. The following tables (from page
371 and 372 of the study report) show the tumor types analyzed. One directional
pairwise tests of the treated groups against the vehicle control group were performed.
Group 1 and Group 5 were compared using two-sided tests. Non-fatal tumors were
analyzed using fixed intervals of 1 to 50 weeks, 51 to 80 weeks, 81 weeks to start of
terminal kill and the terminal kill phase. Indication of a possible treatment effect was
assessed on the basis of rare or common tumor type, in line with current FDA guidelines.

p;:ong\no\
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Adolor Corporation

Table 21 Tumour stfatistics
Tissue
Hre Tumour type
AD B-SUBC2ESULER CELL: ATSIMA
)04 M-HISTIOCYTIC SARCGMA
B M-ERAILCCYTIC [FURRRMIA
M MEATERCCARIDAE
o7 B-CYSTACEI -
k) B-ISLET CELI, ATENIGE
T B-arEeai
= B-INTERSTITIAL CELL ATENCML
= LAEROID TR
2] BIENGL/CIRCTHOE,
LI HEPRTOCELLULAR TRELR
e FIVECLAR ERTTHELIRY, TURMIUR
oF SFY OORDYSTROMEL TOMUR
ur OO0TH MUSCIE TIMXUR
T STRGAT, TMIR
# BIOCD VESSEL, TR
# = ¥Erged tissuss

ENTEREG™ (alvimeopan)

CONFIDENTIAL

Tuncur types analysed

AIRENAL
HAFMOIYMFFORETICULZR
HARMOIMMEHCRETICULER
MMERY GLAD

CVERY

VUIERIS

ARCQUINAL, CAVITY
EAR

FRMR + MARFCH

LIVER

L3MEH NOIE
MESTNIERIC LM NOLE
MUBIIE

Ry

SFLEEN

STERTR + MARROW
TESTIS

NDA 21-77§

GSK Réference Number M246738
- Study Number 1990/294

Finding

M-HISTIOCYTIC SRRTOMA
M-GRRULOCYTIC 1SUKAEMIE
MEATEROCERCTINCMA
RrCUSTAEN R

B-ISIET CEIS ZTENOME
BATERCHE

B-IIZRSTITIAL (ZLT ATENCME

MRETTAENT DREHNE ~ LMPHOCYTIC
MARIIGNENT LREHIA - NOS

MMALIQRNT LYMEHOMR — PLASMMCYTIC
MRMALIAWNT IERNER - FLECMIRCHIC
MMELT@ENT LR FHOE-TMWPHCETASTIC

EATEIXME
MATENCCARC IS,

B-EEPRTOCETAITIAR AFENR
M-EEPRTOCEIIUIAR CRRIINGMR

BERCHCHICIO-AIVECTAR ALENCHR.
M-ERCNCHICLO-RIAEOIAR CRRCINCHE

B-EENIR@Y LUTEGQEA
B-EENI@? SEX CRD SIROEL TIMDIR

BIEIOMCOMA
MELEIOMYOSERICME

B-3TROMRL 2CLYP
M-STROVRL, SEROCME:

MEARMERGTOSARIONS
B-HEEMAMNGIQHA
M-EERMRNGIOSARICHE,
B-EAEMRNGIOMD
M-EREMANGIOSARICLE
B-EARMANGICHE
B-HRRMENEICHD
B-FARVERFIOA
B-HREMENGICLA
B-HEEMRETCME
M-EERERGIOSER R
B-HARMPNGTOMA

10
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Adolor Corporation

type  Tunour type

# HISTIOOYTIC SEROMA
# QSTEOGENIC TRLUR
# S/R FIBRCEIASTIC TIMOUR

# = Merged tissuss
S/ = skin/appendage

ENTEREG™ (alvimopan) . NDA 21-775

CONFIDENTIAL

Tebole Z1

GSK Reference Number M24678
asm  Stgdy Number 1990/294

Tunour statistics

Tarcar types analysed {contimed)

Tissue

CONECTIVE TISSUE
LIVER

SKRIN + SUBCUTIS
UIERUS

BOE
BOE

FEMR + MOREOW
SPINEL CLRD
THORACIC CAVITY

SKIN + SUBUITIS
SKIN + SUBCITIS

SEIN + SUBCUTIS

: Appe
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Findi

MEHISTICCYTIC SEROCRE
M-HISTIOCITIC SIROMA
M-HISTIOCYTIC SRROCME
M-BEISTIOCYTIC SRRCOME

M-OSTEOSZRIOLR

B-OSTEQR

MARLIQENT CSTEOSARIA
M-CSTEOSARCCMA.

B-FIERQMA
M-FTERCEARCOA
M-SERCGE - KOS
B-FIERE

ars This Way
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Observations and times:

Mortality: Mortality was observed twice daily.

Clinical signs: Animals were observed for clinical signs on a daily basis.

Body weights: The animals were weighed twice during Week-1, before treatment on the
first day of dosing, at weekly intervals for 16 weeks, once every four weeks thereafter

and before necropsy.

Food consumption: The food consumption was determined in Week-1, weekly for the

first 16 weeks and once in every four weeks thereafter.

Hematology: Blood samples were collected for hematology at necropsy.

Gross pathology: Gross pathology was conducted at'}'iecropsy.

Histopathology: The tissues marked “X” in the “Examine” column of the following
table (from page 29 and 30 of the study report) were used for histopathological

examinations from all main study animals.

12

Tissues Ticsues
Tissues Fixed Examinad Tissues Fixed Examined

Adrenals (<2 ¥ Parathyroids X
Ammal idendification site ) Pitustary X
Aorta {thoracic] X Preputial’clitora] glands. X
Brain (x3) X Prostate X
Caecum X Rectum

Colan X Salivary gland

Ducdersun X mandbuiar X
Epididymades X sublingual X

Appears This Way
On Original
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CONFIDENTIAL GSK Reference Number KM24678
wam  : Siudy Rurdher 19201294
Tissues Trssues
Tissues Fied Examined Tissues Fixed Examined
Eyes/Optic nerves 5 X parafid X
Femur {Femoro-tibial joint) X Sciatic nerves (x2) X
Gailbladder X Seminal vesicles (x2} X-
Gross lesions X Skiry . X
Harderian gfands X Spinal cord
Head cervical
Heart X thoracic
lieum X fumbar X
Jejunum X Spleen X
Kidneys (x2} X Stemunt with bone marrow X
Larynx X Stomach X
Liver {two obes) (x2} X Testes X
Luny (all iobes) (x2} X Thymus X
Lymph node - Thytoids X
Manddbular X Tissue masses - X
Mesenteric X Tongue X
Mammary gland {inguinal X Trachea X
Muscle (quadriceps) X Trachea bifurcafion
Nasal cavifies and .
nasopharynx with skull® X Urinary bladder X
Cesophagus X Uterus with cenvix {x3) X
Owaries (x2} X Vagina X
Pancreas X

& Preserved with head i sifu

Toxicokinetics: Blood samples were withdrawn from TK animals in Weeks 4 and 26 at
0.5,1,2,4, 6, 8, 12 and 24 hours time points. ’

Results:
Mortality: There were 379 decedents during the study (168 males and 211 females).

The distribution and statistical analysis of these decedents are presented in the following table
(page 33 of the study report).

Appears This Way
On Original
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Resulis (P-vafuzs)
Groug f-sided i=5ts for increasing dose 2-sided
Sex Type of death . respoSe tests
1 2 3 4 5 | CLy, Cul | Cvl | CvH | CuvW
Cy | ikt i} Lo VI AL H
5] Acciderd 2 4 a o] 1
Diead or 42 41 25 24 3z %00 425 1.00 1.09 032
Moribund -
Termina Kil 16 18 35 36 7
Total £0 21) £0 £0 80
F Hccidand 1 o 2 1 & '
Deadar 45 48 42 36 38 | 0972 | 0460 | 0637 | 0859 | £.143
Morbund
Terminal Kill 14 14 % | 23 | 22
Toixd &0 &a &0 &0 80

C= Uel'ﬁc!é conteof, L = Low dose {100 mygfiog/day], 1 = Intesmediats dose (000 mafiegfday), H = High doss
{4000 myfeyiday), W = Waler candso!
*P=0.03

 Pag) 0 ‘
5 P00

Per the FDA statistical analysis of mortality data, the homogeneity tests showed statistically
significant differences in survivals for only male mice across treatment groups. P-values from
both Cox and Kruskal-Wallis tests were approximately zero. From Kaplan-Meier Survival
Functions for male mice, survival at 1000 mg/kg/day and 4000 mg/kg/day appeared to be higher
than the vehicle control group. For comparisons of the two control groups, in males, the water
control (Group 5) demonstrated significantly lower mortality than the vehicle control (Group 1)
(P =0.032). For females, there was no significant difference in mortality between the two
control groups (P= 0.05). The following figures show the survival graphs (from page 44 and 45
of the study report).

rs This WaY
on origind!
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Figure & Group Survival — Males
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~ Figure 6 Group Survival - Females
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Clinical signs: There were no significant clinical signs attributable to administration of
SB-767905.

Body weights: The mean initial (Week -1) and final (Week 104) weights of control
males were 30.9 and 44.9 g, respectively. The mean initial (Week -1) and final (Week 100)
weights of control females were 23.8 and 40.9 g, respectively. Overall, there was no consistent
pattern of variation in the body weight data to indicate an effect of treatment with SB-767905.
The following table shows the absolute body weights (g) and body weight gains (g) for males
and females.

16
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Males Vehicle Control | 100 mg/kg/day 1000 mg/kg/day | 4000 mg/kg/day Water Control
Group 1 ' 2 3 4 5
WkO 32.5 31.7 32.9 32.7 33.0
Wk 24 443 442 43.7 42.2 43.5
% of Control, 100.0 99.8 98.6 95.2 98.2
Wk 24

AWk24-WkO 11.8 12.5 10.8 9.5 10.5
BW Gain, % of | 36.3 394 32.8 29.0 31.8
Initial BW

BW Gain, % of 100.0 108.5 90.3 79.9 87.6
Control

Wk 52 48 48 47.1 457 47.6
% of Control, 100.0 100 98.1 95.2 99.2
Wk 52

AWk52-WkO 15.5 16.3 14.2 13 14.6
BW Gain, % of | 47.6 514 . 43.2 39.8 442
Initial BW

BW Gain, % of. | 100.0 108.0 90.8 83.6 92.9
Control ’

Wk 76 47.4 48.8 48.3 47.1 48.3
% of Control, 100.0 102.9 101.9 994 101.9
Wk 76

AWK76-WkO 14.9 17.1 15.4 14.4 15.3
BW Gain, % of | 45.8 53.9 46.8 44.0 46.4
Initial BW

BW Gain, % of 100.0 117.7 102.2 96.0 101.3
Control

Wk 104 44.9 44.9 46.1 46.2 45.8
% of Control, 100.0 100 102.7 102.9 102.0
Wk 104

AWk104-WkO 12.4 13.2 13.2 13.5 12.8
BW Gain, % of | 38.2 41.6 40.1 413 38.8
Initial BW

BW Gain, % of 100.0 108.9 105.0 108.1 101.6
Control

17
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Females Vehicle Control | 100 mg/kg/day | 1000 mg/kg/day | 4000 mg/kg/day | Water Control
Group 1 2 3 4 5
Wk 0 24.9 25.3 25.6 '25.6 26.0
Wk 24 35.2 36.4 36.0 35.7 35.9
% of Control, 100.0 103.4 102.3 101.4 101.9
Wk 24
AWk24-WkO 10.3 11.1 10.4 10.1 9.9
BW Gain, % of | 41.4 439 40.6 394 38.1
Initial BW
BW Gain, % of | 100.0 106.0 98.1 95.2 92.0
Control
Wk 52 38.9 41.1 39.1 39.1 40.1
% of Control, . 100.0 105.6 100.5 100.5 103.1
Wk 52
AWk52-WkO 14 15.8 13.5 13.5 14.1
BW Gain, % of | 35.9 384 - 34.1 - | 341 54.0
Initial BW )
BW Gain, % of | 100.0 106.9 94.9 94.9 150.4
Control :
Wk 76 40.3 42.2 41.1 39.9 42.0
% of Control, 100.0 104.7 101.9 1 99.0 104.2
Wk 76
AWK76-WkO 15.4 16.9 15.5 14.3 16
BW Gain, % of | 61.8 66.8 60.5 55.8 61.5
Initial BW
BW Gain, % of | 100.0 108.1 97.9 90.3 99.5
Control :

249 253 25.6 25.6 26.0
Wk 100 40.9 423 40.0 38.4 43.3
% of Control, 100.0 103.4 97.8 93.9 105.9
Wk 100
AWk100-WkO 16 17 14.4 12.8 17.3
BW Gain, % of | 64.2 67.2 56.2 50.0 66.5
Initial BW
BW Gain, % of | 100.0 104.7 87.5 77.9 103.6

Control

The following figures (from page 40 and 41 of the study report) show the growth curves in males

and females.

18
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Figure 1 Group Mean Body Weights — Males

Test dticle  Vehicle Gortrol  BT80905  Water Comirol

Greup 1 S T 5
Ll iy Togfeiay] I T/ R [ R R
%
ﬁ.

e ket e LoVl s WY

(. o i LI 3
e T e P e
. _A_‘-n._‘_i‘iag_

e e, “iin)
. T <
N

4
F- :
Bat 4 & 12 ¥ 0 M OB O 4 4 oH R B Y E YD HE R E
Hark
[ W ———GRp N - 0 Id — — - Croigs 0 — .- — iy 5|

Pretreatment becky weights rot preserted

Best Possible Copy

19



NDA 21-775 Serial No. 000

Figure 2 Group Mean Body Weighis — Females
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Food consumption: The mean initial (week -1) and final (week 104) food consumption
in control males was 6.06 and 4.91 g/animal/day, respectively. The mean initial (week -1) and
final (Week 100) food consumption in control females was 5.3 and 5.17 g/animal/day,
respectively. There were no significant treatment-related effects on food consumption.

Hematology: There were no significant treatment-related effects. .
Gross pathology: There were no significant treatment-related effects.

Histopathology:

_ Non-neoplastic: There was a higher incidence (up to 22% and 27% in males and
females, respectively) of minimal to slight rhinitis in animals of both sexes at 4000 mg/kg/day,

20
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generally involving the anterior-most nasal cavity. This, however; fell within the historical

control data for rhinitis (up to 32% and 38% in males and females respectively). The following
table shows the findings in the nasal cavity.

FINDINGS MALES FEMALES
DOSE (MG/KG/DAY) DOSE (MG/KG/DAY)
CON1 | cON2 | 100 1000 4000 | cON1 | conz | 100 1000 4000

N 59 60 59 60 60 59 60 60 60 60

NASAL CAVITY 1

RHINITIS 2 2 5 13 4 1 0 1 16 2
(34%) | 33%) | 85%) | 21.7%) | 6.7%) | 1.7%) | (0.0%) | a.7%) | (26.7%) | (3.3%)

NASAL CAVITY 2

RHINITIS 1 3 6 1 5 3 3 1 10 2
(L7%) | (50%) | (10.2%) | (18.3%) | (8.3%) | (5.1%) | (5.0%) | (1.7%) | (16.7%) | (3.3%)

NASAL CAVITY 3

RHINITIS 5 2 1 6 1 3 0 0 7 0
(85%) | 33%) | (1L7%) | (10.0%) | (1.7%) | (5.1%) | (0.0%) | (0.0%) | (11.7%) | (0.0%)

NASAL CAVITY 4

RHINITIS 3 2 0 4 3 2 1 0 5 0
(5.1%) | 33%) § (0.0%) | (6.7%) | 5.0%0 | 3.4%) | (1.7%0 | 0.0%) | (8.3%) | (0.0%)

* P<0.05, ** P<0.01, *** P<0.001

Neoplastic: Peto’s trend test showed statistically significant increase in the incidence of
SARCOMA in the skin/subcutis (p = 0.0063), OSTEOGENIC tumor (p = 0.0063), and
skin/appendage FIBROBLASTIC tumor (p = 0.0003) in the female mice. The sponsor stated
‘that the higher incidence of fibroblastic tumors (8.3%) at 4000 mg/kg/day fell within the
historical control range (0 to 9.8%) for this tumor in this mouse strain/sex in this laboratory. The

sponsor did not submit the historical control data. Per the sponsor, the incidence (6.7%) of

osteogenic tumors in females at 4000 mg/kg/day was higher compared to that of the historical
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control incidence data (0 to 2.9%). The following table shows the significant tumor findings in
the female mice (from the draft FDA statistical review). '

Female Mice

OSTEOGENIC )
comBINED | DSTED 0 0 1 4 0.0063
SIA FIBROBLASTIC
COMBINED | S 0 0 0 5 0.0003
SKIN+ .
SeboUTIs | SARCOMA - NOS 0 0 0 3 0.0063

‘Besides the significant results for the tumor types found in trend tests, the statistical reviewer
also performed pairwise comparisons (vehicle control group versus each treated group and
versus water control group). The tumor types with a significant increase in the incidence over the
vehicle control are summarized in the following table (from the draft FDA statistical review).

Hepatocellular
Mice M Vehicle vs 100 mg/kg/d Liver carcinoma 0.0295
Mice F Vehicle vs 1000 mg/kg/d Mammary gland | Adenocarcinoma 0.0313
Mice F Vehicle vs 1000 mg/kg/d Ovary Cystadenoma 0.0379
Mice F Vehicle vs 4000 mg/kg/d Combined Osteogenic tumor 0.0424
: S/A Fibroblastic
Mice F Vehicle vs 4000 mg/kg/d Combined tumor 0.0212

Overall, it appears that alvimopan caused significant increase in the incidences of SARCOMA in
the skin/subcutis (trend test, p = 0.0063), OSTEOGENIC tumor (trend test, p = 0.0063), and
skin/appendage FIBROBLASTIC tumor (trend test, p = 0.0003) in the female mice.

The following tables (from page 373-375 of the study report) show the summary of tumor
incidences.

Appears This Way
On Original
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Nokers of tumeour

Tissue Tumour
code  type

)
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o
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B-INIERSTITIAL CELL ACERCM
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AIVEQLER ZETTHELIAL TR

EBEQOD VESSEL TUMIUR
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[

FIBRCBIASTIC TIMXR

CONFIDENTIAL GSK Reference Number M24678
’ e Study Number 1990/294

Table 21
Trouar statistic

Turcir incidencs in meles
bearing eniwmals & results of statistical tssts

Pvalues
1-sided tests 2-sided
Grop (increasing dose response) tests
1 2 3 4 5
© @ O @ & CL,I,H Wl oI &H W
Extzm 58 e 3% &0 &l
NF 1 2 S S 4 A A L2730 235 404
Ty 5% &0 5¢ & &0
F 1 O 1 o] 2 L7es 1.00 .78z 1.4 1.00
TxEm 56 &0 5% &3 &0 -
NE 1 2 2 8] 3 .83z .437 L6853 1.00 .632
Fxarn 52 &0 3% eb &0
F 3 4 3 2 7
M [ 1 4 1 G
U [ 0 0 G i
Ei1qUi) 3 5 1 3 8 .8943 L300 3711
iy 3 S 1 3 & .843 L300 .3e7
Tvage 5% &0 358 &0 &0
F 2 [ G 1 o]
M 5 4 & 5 g
ks 0 1 ¥} 0 J
nilquy 7 S [ & I ) - R ST 782
Ay 7 S & & & .7e0 785 .48 %48 L7582
Fazm 5¢ &®0 59 &1 &0
F G 2 o 0 3
NE @ 12 1% 13 1z
k] ¥ 18 1 15 15 TG 121 L3150 L350 41
oA 53¢ &2 53 &0 &0
b 4 2 4 7 &
NE 15 6 2 11 13
] ] 1 1] 0 s}
Bil{un) 15 9 2 13 1% 764 .980  .eb6 .942 .343
R11{UZ)- 19 g 3 158 738 .983 .che .94z L343
Fxam 5¢ &0 5% &5 &l
F 1 1 2 1 vl
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FANE 7 i 3 4 3 £86 984 (881 L9S0 .108
Exam 5% &6 3% &0 &}
F o 2 1 0 s]
NE o o] 2 i v]
11 0 2 3 G 0 .855 L2440 .208 1.0G 1.00

C = Vehicle omtrod, L = Low doss, I = Intermediate dose, H = Bigh doss, W = Water contred
E‘ .
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Tamoar incidenes in femalss
Mnkers of turowr beaving snimals & results of statistical tests

Tissue Tumour
code  type
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Table 21
Taencar statistics
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GSK Reference Number M24678
amms  Study Number 1990/294

P-values

1-sided tests 2-gided
(increasing dose response) tests
CLIH i I OH W
L804 L2658 L€52 1.00 .203
L2315 1.c0 102 574 1.00
064 1.00 122 175 1.00
o985 867 1,00 1.0 .487
€75 936 0333 .90 301
853 G107 .z2es 371 .44
.331 107 .288 371 448
.200 L7693 .440  .2838 1.00
.623 .734 1.00 .93 .3e3
€13 .256  .ce3 .23 .455
.501 314 Leed .e23 .455
572 .224 1.00 .e05 .457

Vehicle control, L = Low dose, I = Intermwediazte dose, H = High doss, W = Water control
= Fatal, WF = Norfatal, U = Uncertain
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CONFIDENTIAL GSK Reference Number M24678
e Otudy Number 1990/294

Table 2%
Turwr statistics

Tacur incidencs in fomalss

Nakers of turowr bearing anirals & results of statistical tests

P-values
I-sided tests 2-sided
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ME a 1] a 1 a
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F = Fatal, NF = Non—fatal
# = Merged tissuss
5/a = skin/appendace
* 80,05
i peD, 01
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Toxicokinetics: Following 26 weeks of oral (gavage) administration of SB-767905-KW
to male and female CD-1 mice, SB-767905 and SB-791399 (the amide hydrolysis metabolite of -
SB-767905) were quantifiable in the plasma of all animals up to at least 8 and 24 hours,
respectively, after dose administration. The Tmax occurred at approximately 0.5-8.0 and 1.0-24
hours after dosing for SB-767905 and SB-791399, respectively. Systemic exposure (AUCy.) to
SB-767905 increased with increasing dose in a subproportional manner. Overall, for a 40-fold
increase in dose from 100 to 4000 mg/kg/day, AUCy increased about 7-fold in male mice and 5-
fold in female mice. Systemic exposure (AUCq) to SB-791399 and Cmax was generally similar
at Weeks 4 and 26, and did not increase with escalating dose or demonstrate any notable sex
differences. Systemic exposure to SB-791399 was generally higher than the systemic exposure
to SB-767905, in male and female animals. The following tables (page 2680 and 2681 of the
study report) show the TK parameters for SB-767905 and SB-791399.

Table 1 Summary of the Composite Toxicokinetic Parameters for $B-767905
Derived from Plasma Concentration-Time Results from CD-1 Mice
Following Oraf Administration of SB-767305-KW for 26 Weeks.

Sex Dose-level Week ACo4 Corex Tosc
{myfke'day) {ng.himl} {ng/md} (h}

Male 100 4 7] 192 55%
26 %8 462 102

1000 4 3i3 406 8.01

26 136 308 050

4000 4 830 5585 400

26 203 261 . 400

Femalz 100 4 324 153 050

2% 544 815 200

1000 4 5.7 192 €03

26 238 351 6.00

4000 4 17 368 793

2% 7 232 051
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Table 2 Summary of the Composite Toxicokinetic Parameters for SB-".IS’i 399
Derived from Plasima Concentration-Time Results from CD-f Mice
Following Orat Administration of SB-767905-KW for 26 Weeks

Sex Dose-level Week AlCqq Crnex T
(mg'kg/day} {ng.hfml) {ngiml} {h}
Male 100 4 269 388 1201
2% 183 238 1201
1000 4 174 218 &8
26 224 175 801
4000 4 228 331 100
26 42 450 180
Female 100 4 871 8.77 6.01
% 306 365 11.90
1000 4 - 212 169 12
26 407 320 2402
4000 4 130 149 799
26 64 132 11.99

Summary of individual study findings:

Adequacy of the carcinogenicity study and appropriateness of the test model: This study appears
to be adequate and acceptable. The dose selection based on MFD appears to be appropriate and
was in concurrence with the ExecCAC recommendations. The selection of the test model also
appears to be appropriate. Overall, the study was conducted in a valid manner.

Evaluation of tumor findings: Peto’s trend test showed statistically significant increase in the
incidence of SARCOMA in the skin/subcutis (p = 0.0063), OSTEOGENIC tumor (p = 0.0063),
and skin/appendage FIBROBLASTIC tumor (p = 0.0003) in the female mice. In addition,
pairwise comparisons also revealed significantly higher incidences of S/A fibroblastic (p =
0.0212) tumor and osteogenic (p = 0.0424) tumors in females at high dose when compared to
vehicle control. The sponsor stated that the higher incidence of fibroblastic tumors (8.3%) at
4000 mg/kg/day fell within the historical control range (0 to 9.8%) for this tumor in this mouse
strain/sex in this laboratory. The sponsor did not submit the historical control data. Per the
sponsor, the incidence (6.7%) of osteogenic tumors in females at 4000 mg/kg/day was higher
compared to that of the historical control incidence data (0 to 2.9%). The dose selection was per
the ExecCAC recommendations (meeting minutes dated December18, 2002). Overall, it appears
that alvimopan caused significant increase in the incidences of SARCOMA in the skin/subcutis
(trend test, p = 0.0063), OSTEOGENIC tumor (trend test, p = 0.0063), and skin/appendage
FIBROBLASTIC tumor (trend test, p = 0.0003) in the female mice.
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Carcinogenicity summary: In this study, groups of mice (60/sex/group) were administered 0
(purified water), 0 (vehicle), 100, 1000 or 4000 mg/kg/day SB-767905-KW in 10% (w/v)
aqueous acacia (10 mL/kg) by oral (gavage) administration once daily for up to 104 weeks.
Survival in the female group at 100 mg/kg/day fell below 15 animals in Week 101, and all
surviving females in this group were sacrificed in Week 101. Survival in the vehicle control
female group fell below 15 in Week 102, and all remaining females from all groups were killed
in Weeks 102/103. An additional 27 animals/sex were included at doses of 0 (vehicle), 100,
1000 or 4000 mg/kg/day SB-767905-KW for toxicokinetic evaluation. The dose selection was
per the ExecCAC recommendations.

The homogeneity tests for mortality data showed statistically significant differences in survivals
for only male mice across treatment groups. P-values from both Cox and Kruskal-Wallis tests
were approximately zero. From Kaplan-Meier Survival Functions for male mice, survival at
1000 mg/kg/day and 4000 mg/kg/day appeared to be much better than the vehicle control group.
For comparisons of the two control groups, in males, the water control (Group 5) demonstrated
significantly lower mortality than the vehicle control (Group 1) (P = 0.032). For females, there
was no significant difference in mortality between the two control groups (P= 0.05).

There appeared to be no significant treatment-related effects on clinical signs, food consumption,
body weight, hematology, and gross pathology. There was a higher incidence (up to 22% and
27% in males and females, respectively) of minimal to slight rhinitis in animals of both sexes at
4000 mg/kg/day, generally involving the anterior-most nasal cavity. This, however, fell within
the historical control data for rhinitis (up to 32% and 38% in males and females respectively).

Peto’s trend test showed statistically significant increase in the incidence of SARCOMA in the
skin/subcutis (p = 0.0063), OSTEOGENIC tumor (p = 0.0063), and skin/appendage
FIBROBLASTIC tumor (p = 0.0003) in the female mice. In addition, pairwise comparisons also
revealed significantly higher incidences of S/A fibroblastic (p = 0.0212) tumor and osteogenic (p -
= 0.0424) tumors in females at high dose when compared to vehicle control. The sponsor stated
that the higher incidence of fibroblastic tumors (8.3%) at 4000 mg/kg/day fell within the
historical control range (0 to 9.8%) for this tumor in this mouse strain/sex in this laboratory. The
sponsor did not submit the historical control data. Per the sponsor, the incidence (6.7%) of
osteogenic tumors in females at 4000 mg/kg/day was higher compared to that of the historical
control incidence data (0 to 2.9%). The dose selection was per the ExecCAC recommendations
(meeting minutes dated December18, 2002). The conduct of the study appears to be adequate
and acceptable.

Carcinogenicity conclusions: Alvimopan caused significant increase in the incidences of
SARCOMA in the skin/subcutis (trend test, p = 0.0063), OSTEOGENIC tumor (trend test, p =
0.0063), and skin/appendage FIBROBLASTIC tumor (trend test, p = 0.0003) in the female mice.

Recommendations for further analysis: None
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RAT CARCINOGENICITY STUDY:

STUDY DURATION (weeks): 104

STUDY STARTING DATE: September 24, 2003

STUDY ENDING DATE: June 28, 2007

RAT STRAIN: Sprague Dawley (SD)

ROUTE: Oral (gavage)

DOSING COMMENTS: The sponsor’s doses of 0 (water), 0 (vehicle), 100, 200 and 500
mg/kg/day were concurred by the ExecCAC (ExecCAC meeting minutes dated January 25, 2002
attached). -

NUMBER OF RAT:

- Control-1 (C1): 60/sex
Control-2 (C2): 60/sex
Low Dose (LLD): 60/sex
Middle Dose (MD): 60/sex
High Dose-1 (HD1): 60/sex

RAT DOSE LEVELS* (mg/kg/day):
- Low Dose: 100 mg/kg/day
- Middle Dose: 200 mg/kg/day
- High Dose-1: 500 mg/kg/day

*. A further group of 60 female rats was also treated at 30 mg/kg/day.

BASIS FOR DOSES SELECTED (MTD; AUC ratio; saturation; maximum feasible): Saturation
of absorption

PRIOR FDA DOSE CONCURRENCE (Div./CAC)? (y/n; Date): Yes (ExecCAC meeting
minutes dated January 25, 2002 attached)

RAT CARCINOGENICITY (conclusion: negative; positive; MF; M; F): Positive in both sexes

RAT TUMOR FINDINGS (details): The Peto’s trend tests showed statistically significant dose
responses ("dose response” refers to the linear component of the effect of treatment, and not
necessarily to a strictly increasing or decreasing mortality or tumor rate as dose increases) in the
incidence of THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats, and in the
incidence of C-CELL CARCINOMA (p = 0.0199) in thyroids in the female rats. The following
tables (from the draft FDA statistical review) show the significant tumor findings.

Male Rats

THYMUS

THYMOMA(EPITHELIAL)
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Female Rats

L ; ; xge. b'i(éxaéﬁt‘)"'
0 1 0 0 3 0.0199

M-C-CELL
CARCINOMA

THYROIDS

RAT STUDY COMMENTS: In this study, groups of rats (60/sex/group) were given 0 (water), 0
(vehicle), 100, 200 or 500 mg/kg/day SB-767905-KW in 10% (w/v) aqueous acacia at a dose
volume of 5 mL/kg by oral (gavage) administration once daily for 104 weeks. An additional
group of 60 female rats was given 30 mg/kg/day, at a dose volume of 3 mL/kg, for the same
period. The following evaluations were performed: in-life animal observations, palpation, body
weight, food consumption, hematology, macroscopic observations and microscopic observations.
Blood sampling for toxicokinetic (TK) evaluation was performed on Days 1 and 29 and in
Weeks 13, 26 and 52. Treatment with SB-767905-KW had no effect on survival in either sex.
There appears to be no significant in-life findings associated with treatment with SB-767905-
KW. Macroscopic observations included statistically significant increased incidence of
enlargement (27.3% versus 0% in controls) of the deep cervical lymph nodes in male decedent
rats at 500 mg/kg/day. However, in terminal kill males at 500 mg/kg/day the incidence of deep
cervical lymph node enlargement (3.7%) was similar to that in vehicle control males (3.3%).
Compared with respective vehicle controls, a statistically significant increased incidence of
enlargement (51.7% versus 28.3%) was noted in the lumbar lymph nodes of male rats (decedent
and terminal combined) at 500 mg/kg/day. There were no significant treatment-related
histopathology findings. The Peto’s trend tests showed statistically significant dose responses in
the incidence of THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats, and in the
incidence of C-CELL CARCINOMA (p = 0.0199) in thyroids in female rats. The dose selection
was per the ExeCAC recommendations. Overall, the conduct of the study appeared to be
adequate and acceptable.

pears This Way
On Original
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CARCINOGENICITY: .

Study title: 104-Week Oral (Gavage) Carcinogenicity Study in Sprague Dawley Rats

Key study findings: In this study, groups of rats (60/sex/group) were given 0 (water), 0

(vehicle), 100, 200 or 500 mg/kg/day SB-767905-KW in 10% (w/v) aqueous acacia at a dose

volume of 5 mL/kg by oral (gavage) administration once daily for 104 weeks. An additional

group of 60 female rats was given 30 mg/kg/day, at a dose volume of 3 mL/kg, for the same
_period.

Treatment with SB-767905-KW had no effect on survival in either sex. There was no significant
in-life findings associated with treatment with SB-767905-KW. Macroscopic observations
included statistically significant increased incidence of enlargement (27.3% versus 0% in
controls) of the deep cervical lymph nodes in male decedent rats at 500 mg/kg/day. However, in
terminal kill males at 500 mg/kg/day the incidence of deep cervical lymph node enlargement
(3.7%) was similar to that in vehicle control males (3.3%). Compared with respective vehicle
controls, a statistically significant increased incidence of enlargement (51.7% versus 28.3%) was
noted in the lumbar lymph nodes of male rats (decedent and terminal combined) at 500
mg/kg/day. There were no significant treatment-related histopathology findings.

The Peto’s trend tests showed statistically significant dose responses in the incidence of
THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats, and in the incidence of C-
CELL CARCINOMA (p = 0.0199) in thyroids in female rats. Overall, the conduct of the study
appeared to be adequate and acceptable.

Study number: === Study No. BVR/389; Report No. R24679

Volume #, and page #: EDR submission dated August 9, 2007

Conducting laboratory and location: ess————————"

Date of study initiation: September 24, 2003

GLP compliance: A statement of compliance was included.

QA report: yes (X) no ()

Drug, lot #, and % purity: SB-767905-KW. The details of the batches are shown below (from
page 22 of the study report). The purity data not provided.
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Batch/lot number Expiry date | Conversion factor “Weeks of administration
(9) From To

031001481 31.08.04 1011 1 14

{ 020233) 16 16

031002575 30.09.04 1011 15 15

(204007) ‘ 117 19

302013 31.01.05 1.011 20 29

(031015041) ' | 56 56

312022 311204 1011 - 30 95

(041021383) .

ADO3735 31.03.05 1.009 51 66

(041047662)

02-0233/204007 30.04.05 1.009 |67 73

(041052976)

AD03736 310705 | 1.004 -~ |74 80

(051063816) _

208009 31.03.00 1013 81 85

(051072690)

501025 31.10.05 1010 86 96

(051078392) _

406001 31.01.06 1.011 97 98

(041040175) '

411023 31.10.05 1.010 99 99

(051078391)

304016 31.06.06 1013 100 100

(051092776) .

303015 31.10.06 1.012 101 - 1M1

(051092775)

301011 31.07.06 1015 102 105

(051092774) .

501025 31.07.06 1.010 106 107

CAC concurrence: Yes (ExecCAC meeting minutes dated January 25, 2002 attached)
Study Type (2 yr bioassay, alternative model etc.): 2-year bioassay
Species/strain: Rats/Sprague Dawley

Number/sex/group; age at start of study: 60/sex/group, 5-6 weeks old. On Day 1 of
treatment, rats were approximately 5 to 6 weeks old.

Animal housing: The rats were housed individually in individual ventilated cages. Each cage
had its own filtered air supply to prevent unintended exposure of the animals to the test article.
The internal cage atmosphere was maintained at positive pressure relative to that in the animal
~ room. Following randomization, rats were acclimated to local housing conditions for
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approximately 2 weeks. The environmental controls were set to maintain temperature within the
range of 19 to 23°C and relative humidity within the range of 40 to 70%; with an approximate
12-hour light and 12-hour dark cycle.

Formulation/vehicle: Test article was suspended in 10% (w/v) aqueous acacia.

Drug stability/homogeneity: The mean concentrations of the formulations analyzed throughout
the study were within +10% of the nominal concentrations, indicating accuracy of formulation.

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

Basis of dose selection: Saturation of absorption and was per the ExecCAC
recommendations (meeting minutes dated January 25, 2002 attached)

Restriction paradigm for dietary restriction studies: None
Route of administration: Oral Gavage (5 mL/kg)
Frequency of drug administration: Once daily

Dual controls employed: Yes

Interim sacrifices: None

Study Design: The study design is shown in the table below (from page 24 of the study
report).

Group details are swnmarised below:

Dose? Dose Concentration
Group Number {mgkg/day) {mgml) Number/Sex

1 0 (water) 0 ~60M + BOF
P {1 (vehicke) 0 600 + 60F
3 3 0 60F

4 1 20 &0 + 60F
5 20 I 60M + 60F
6 500 100 508! + 60F

a. Doses arz axpeessed inizems of pure SE-TOTI05-KW
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Satellite PK or special study group(s): F;Jr the toxicokinetic (TK) study, two animals
per sex were bled on Days 1 and 29 and during Weeks 13,26 and 52 at 0.5, 1, 2, 4, 6, 8,
12 and 24 hours time point.

Deviations from original study protocol: There were minor protocol deviations which
did not seem to have any impact on the results and interpretations.

Statistical methods:

Mortality: The mortality data were analyzed by logrank tests for a trend across the
groups. Males and females were analyzed separately (Mantel 1966, Peto 1974). The
following statistical tests were carried out for groups 1 and 2: 1) a two-tailed pairwise”
comparison. The following statistical tests were carried out for groups 2, 4, 5 and 6 for
males and groups 2, 3, 4, 5 and 6 for females: 1) a two-tailed test for a trend with dose
level. 2) a two-tailed pairwise comparison test of each treatment group against the vehicle
control group.

Tumor Data: The analyses were carried out for benign, malignant and benign and
malignant tumors combined. The following (from 2725 and 2726 of the study report)
tumors were analyzed for male and females separately. For incidental tumors (i.e. a
tumor not contributing to the death), the following fixed time intervals were used to
adjust for differential mortality between the treatment groups: 1-52, 53-78, 79-92, 93-104
and terminal sacrifice (FDA 2001). Log-rank methods were used to analyze the number
of animals with tumors across treatment groups (Mantel 1966, Peto 1974, Peto et al.
1980). The following statistical test was carried out for groups 1 and 2 (water and
vehicle control groups): 1) a two-tailed pairwise comparison. The following statistical
tests were carried out for groups 2, 4, 5 and 6 for males and groups 2, 3, 4, 5 and 6 for
females: a one-tailed test for a trend using nominal dose levels, with the vehicle control
(group 2), a one-tailed pairwise comparison test of each treatment group against the
vehicle control (group 2)
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CONFIDENTIAL . R24679
C BVR 389/033645

Males

Adrenals - Benign phaeochromocytoma

Adrenals - Benign phaeochromocytoma and malignant phaeochromocytoma combined
Epididymides - Malignant mesothelioma

Liver - Benign hepatocellular adenoma

Pancreas - Benign Islet cell adenoma

Pancreas - Malignant Islet cell carcinoma :

Pancreas - Benign Islet cell adenoma and malignant Islet cell carcinoma combined
Pituitary - pars distalis - Benign adenoma
Preputial glands - Benign adenoma

Skin - Benign squamous cell papilloma
Stomach - Benign squamous cell papilloma
Testes - Benign interstitial (Leydig) cell adenoma

Thyroids - Benign C-cell adenoma

Thyroids - Malignant C-cell carcinoma

Thyroids - Benign C-cell adenoma and malignant C-cell carcinoma combined

Thyroids - Benign follicular cell adenoma

Thyroids - Benign follicular cell adenoma and malignant follicular cell carcinoma
combined

Haematopoietic Tumour - Malignant large granular cell lymphoma

Haematopoietic Tumour - Malignant histiocystic sarcoma
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CONFIDENTIAL . R24679
- BVR 389/033645

Females

Adrenals - Benign phaeochromocytoma

Adrenals - Benign cortical adenoma

Clitoral glands - Benign adenoma

Kidneys - Malignant renal liposarcoma

Kidneys - Benign tubular adenoma

Kidneys - Benign tubular adenoma and malignant tubular carcinoma combined
Liver - Benign hepatocellular adenoma

Maminary areas - Benign fibroadenoma

Mammary areas - Benign mammary adenorna

Mammary areas - Benign mammary fibroadenoma and benign mammary adenoma
combined

Mammary areas - Malignant mammary adenocarcinoma

Mammary areas - Benign mammary fibroadenoma, benign mammary adenoma and
malignant mammary adenocarcinoma combined

Pancreas - Benign Islet cell adenoma

Pituitary - pars distalis - Benign adenoma

Skin - Benign squamous cell papilloma

Skin - Benign keratoacanthoma

Thymus - Benign thymoma (epithelial)

Thyroids - Benign C-cell adenoma

Thyroids - Malignant C-cell carcinoma

Thyroids - Benign C-cell adenoma and malignant C-cell carcinoma combined
Thyroids - Benign follicular cell adenoma

Thyroids - Malignant follicular cell carcinoma

Thyroids - Benign follicular cell adenoma and malignant follicular cell carcinoma
combined

Uterus - Benign endometrial polyp

Uterus - Malignant endometrial stromal sarcoma

Uterus - Malignant schwannoma

Uterus - Malignant adenocarcinoma

Uterus - Benign endometrial adenoma and malignant adenocarcinoma combined
Haematopoietic Tumour - Malignant large granular cell lymphoma
Haematopoietic Tumour - Malignant histiocytic sarcoma

Haematopeietic Tumour - Malignant mixed Iymphoma

Observations and times:

Mortality: Animals were observed twice daily for mortality.

Clinical Signs: Animals were observed for clinical signs on a daily basis.
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Body weights: The animals were weighed once in the week before commencement of
treatment, on the day that treatment commenced, each week for the first 26 weeks of
treatment and thereafter once every four weeks until Week 104 and again on the day of
necropsy. '

Food consumption: F ood consumption was recorded during the week before treatment
commenced, each week for the first 16 weeks of treatment and thereafter one week in
every four weeks during the treatment period and in Week 104.

Hematology: Blood samples were collected for hematology at necropsy.

Gross pathology: Gross pathology was conducted at necropsy.

Histopathology: The tissues marked “X” in the “Examine” column of the table (from

page 28 of the study report) below were used for histopathological examinations from all
main study animals. :

rs This Way
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Femur (Femoro-tibial joint)
Hardenan glands

N X DD DK D DK D B 2K D B D D K D <

Seminal vesicles
Skeletal muscle (thigh)

X1

X1

X1

Xt

X

X1

Heart Skin with mammary glands X

| lleum Spinal cord X

Jejunum Spleen™ X

Kidneys Sternum with bone marrow X

Larynx Stomach X

Liver (all lobes) Testes X

Lungs including bronchi Thymus X

Lymph node - Thyroids with parathyroids X

mandibular Tongue X

mesénteric Trachea X

regional to masses Urinary bladder X

Nasal cavities and skull Uterus with cervix X

Nasopharynx Vagina X
QOesophagus X
Optic nerves X
Ovaries X
Pancreas X

Tissues Tissues

Tissues Fixed Examined Tissues Fixed Examined
Abnormalities Pituitary X
Adrenals Preputialiclitoral glands X
Aorta (thoracic) Prostate X
Brain Rectum
Caecum Salivary glands -
Colon submandibular
Duodenum sublingual
Epididymides parotid
Eyes Sciatic nerve

1. Only one examined

Toxicokinetics: For the toxicokinetic (TK) study, two animals per sex were bled on

Days 1 and 29 and during Weeks 13,26 and 52 at 0.5, 1, 2, 4, 6, 8, 12 and 24 hours time
point. '

Results:
Mortality: The total number of unscheduled death is shown in the following table (from

page 33 of the study report). There were no statistically significant differences in mortality
between the two control groups or between vehicle control and treated groups.
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Sex Type of Weeks Dose (mg/kg/day)

Death oW o0V) 30 100 200 500

Male Dead/Killed 1-52 0 0 - 0 0 0
: 53-78 8 4 - 3 6 2
79-92 14 12 - 8 10 15

93-104 18 14 - 10 7 16

Total 40 30 - 21 33 33

Terminal kill 104 20 30 oo 39 27 27

Survival (%) 78 87 a3 - 95 90 97

Survival (%) 104 33 50 65 45 45

Female | DeadfKilled 1-52 0 0 0 0 0 0
. 53-78 3 4 4 3 ? 4)

79-92 6 8 5 9 7 5

93-104 | - 14 9 11 - 7 7 7

Total 23 21 20 19 16 17

Terminal kill 104 37 39 40 41 . 44 43

Survival (%) 78 9 93 93 95 97 92

Survival (%) 104 62 85 67 68 73 72

Key: W = water, V = vehicle

The following figures (from page 40 and 41 of the study report) show the survival curves.
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Survival - group mean values (%) for males

Survival (%)
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Survival - group mean values (%) for females
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Clinical signs: No clinical signs considered to be related to treatment were observed.

Body weights: The mean initial (Week 0) and final (Week 104) weights of control
(Group 1) males were 109 and 421 g, respectively. The mean initial and final weights of control
(group 1) females were 95 and 295 g, respectively. There was no significant effect of treatment
with SB-767905 on body weight. The following table shows the absolute body weights (g) and
body weight gains (g) for males and females.

MALE GROUP*

Male 1 2. 3 4 5
Wk 0 109 105 107 104 104
Wk 24 360 346 341 344 348
% of Control, Wk 24 100.00 96.11 94.72 95.56 96.67
AWKk24-WkO 251 241 234 240 244
BW Gain, % of Initial BW 230.28 229.52 218.69 230.77 234.62
BW Gain, % Of Control 100 99.67 9497 100.21- 101.88
Male 1 2 3 4 5
Wk 0 109 105 107 104 104
Wk 54 425 409 1395 398 405
% of Control, Wk 24 100.00 96.24 92.94 93.65 95.29
AWK24-WkO 316 304 288 294 301
BW Gain, % of Initial BW 289.91 289.52 269.16 28269 289.42
BW Gain, % Of Control 100 99.87 92.84 97.51 99.83
Male -1 2 .3 4 5
Wk 0 109 105 107 104 104
Wk 78 447 430 416 417 420
% of Control, Wk 24 100.00 96.20 93.06 93.29 93.96
AWk24-WkO0 338 325 309 313 316
BW Gain, % of Initial BW 310.09 309.52 288.79 300.96 303.85
BW Gain, % Of Control 100 99.82 93.13 97.06 97.99
Male 1 2 3 4 5
Wk 0 _ 109 105 107 104 104
Wk 104 421 405 389 385 394
% of Control, Wk 24 100.00  96.20 92.40 91.45 93.59
AWk24-WkO0 312 300 282 281 290
BW Gain, % of Initial BW 286.24  285.71 263.55 270.19 278.85
BW Gain, % Of Control . 100 99.82 92.07 94.39 97.42
FEMALE GROUP*

Female 1 2 3 4 5
Wk 0 95 95 92 91 92
Wk 24 195 192 192 189 192
% of Control, Wk 24 100.00 98.46 98.46 96.92 98.46

AWK24-WkO 100 97 100 98 100
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BW Gain, % of Initial BW 105.26  102.11 108.70 10769 108.70

BW Gain, % Of Control 100 97.00 103.26 102.31°  103.26
Female 1 2 3 4 5
Wk 0 95 95 .92 91 92
Wk 54 237 232 230 224 230 -
% of Control, Wk 24 100.00 97.89 97.05 94.51 97.05
AWK24-Wk0 _ 142 137 138 133 138
BW Gain, % of Initial BW 149.47 144.21 150.00 146.15 150.00
BW Gain, % Of Control 100 96.48 100.35 97.78 100.35
Female 1 2 3 4 5
Wk 0 95 95 92 91 92
Wk 78 279 274 273 265 269
% of Control, Wk 24 100.00 98.21 97.85 94.98 96.42
AWk24-WkO 184 179 181 174 177
BW Gain, % of Initial BW 193.68  188.42 196.74 191.21 192.39
BW Gain, % Of Control 100 97.28 101.58 98.72 99.33
Female 1 2 3 4 5
Wk 0 95 95 92 N 92
Wk 104 295 286 287 277 280
% of Control, Wk 24 100.00 96.95 97.29 93.90 94.92
AWK24-WkO 200 191 195 186 188
BW Gain, % of Initial BW 210.53 201.05 21196 20440 204.35
BW Gain, % Of Contro! 100 95.50 100.68 97.09 97.07
*GROUP:

1. Control (Water)

2. Control (vehicle)

3. SB-767905: 100 mg/kg/day

4. SB-767905: 200 mg/kg/day

5. SB-767905: 500 mg/kg/day

The following figures (from page 43 and 44 of the study report) show the growth curves in males
and females. :
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Body Weight - group mean values (g} for males
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Food consumption: The mean initial (Week 1) and final (Week 104) food consumption
in control (Group 1) males was 16.6 and 18.0 g/animal/day, respectively. The mean initial
(Week 1) and final (Week 104) food consumption in control (Group 1) females was 13.0 and
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13.14 g/animal/day, respectively. There was no significant effect of treatment on food
consumption. S

Hematology: Investigation of hematology parameters in Week 104 revealed no
differences attributable to treatment.

Gross pathology: A statistically significant increase in the incidence of enlargement of
the cervical lymph node was seen in male decedent rats at 500 mg/kg/day compared with male
decedent vehicle controls as shown in the following table (from page 35 of the study report).
However, in terminal kill males at 500 mg/kg/day the incidence of deep cervical lymph node
enlargement (3.7%) was similar to that in vehicle control males (3.3%).

Male (decedent
Dose (mg/kgiday) @ - 0 100 200 500
Total 40 30 21 33 33
Deep cervical 5 0 0 3 8a
lymph node enlarged
a p<005

A statistically significant increase incidence of enlargement of lumbar lymph nodes was noted in
male rats (decedent and terminal combined) treated with 500 mg/kg/day compared with male
vehicle controls. The following table (from page 35 of the study report) shows the lumbar lymph
nodes findings.

Male
Dose (mglkg/day) 0 0 100 200 500
Total 60 80 60 60 80
Lumbar iymph node 17 17 19 23 31b
enlarged

b p<0.01

Histopathologx:

Non-neoplastic: There were no significant non-neoplastic findings associated
with treatment with SB-767905.

Neoplastic: The Peto’s trend tests showed statistically significant dose responses
in the incidence of THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats, and in the
incidence of C-CELL CARCINOMA (p = 0.0199) in thyroids in female rats. The following
tables (from the draft statistical review) show the significant tumor findings.

Male Rats
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T e e
“Name | d'| malkgtd |

iy i B

THYMUS | rHyMOMA(EPITHELIAL) 0 0 2 3 0.0104

Female Rats

TM-C-CELL

THYROIDS | caARCINOMA

The following tables (from page 167-171) show the neoplastic findings for all
animals.

Microscaopic Pathology - group distribution of necplastic findings for all animals

-—~-NUMBER-OF-ANIMALS-AFFECTED ---

SEX: -MALE. FEMALE

GROUP: -1- -2- -4- -5~ ~-6- -1- -2- -3- -4- -5- -6-

ORGAN 2ND) FINDING DESCRIPTION NUMBER: 60 60 60 60 60 60 60 60 60 60 &0
** T0P OF LIST *+ T ) ST T T T B i
ADRENALS .. .. ... KUMBER EXAMINFD: 60 60 60 53 60 59 53 60 5% 60 60
-~M-MALIGRANT PRABCCHROMOCYTOMA i Q [ 0 1 0 2 0 9 4 0
--M-COMPLEX PHAEOCHROMOCYTOMA b3 0 0 g 9 0 2 0 0 0 9
--M-CORTICAL CARCINCMA i 0 0 1 2 0 9 0 0 0 0 0
--B-PHAECCERCMOCYTOMA 10 2 K 3 4 1 0 1 0 1 2
-~B-CORTICAL ADENOMA ] 0 0 Q 9 1 0 0 2 1 i
BRAIN .. i KUMBER EXMMINED: 60 60 60 60 60 60 60 60 60 60 &0
--M-OLIGODENDROCLICMA a i} 0 Q 0 g i ] 1 Q 0
~-M-MENINGRAL SARCOMA [t} 0 1] g 1 0 [} 0 0 0 0
~-M-2STROCYTOMA g 9 4 0 0 0 2 1 4 9 0
—-M-MALIGKANT RETICULOSIS 0 Q a 0 1 0 0 9 0 2 9
--B~GRANULAR CELL TIMOUR 1 - 0 1 0 ] 1] [t} q 0 0
CARCUM .. ... i e KUMBER EXAMINED: 53 59 60 59 60 60 53 60 S8 60 60
--M¥-ADENOCARCTROMA 0 0 0 ] 0 1 9 0 [d 0 9
CLETORAL GLAND . ........ .. iiiiiiiiiiiic s KUMBER EXAMINED: @ ] 9 a 0 60 6 53 58 57 60
-~B-ADENCMA 0 0 0 0 0 0 9 1 2 1 3
125 . NUMBER EXAMIKED: 53 €60 60 6B 60 60 60 60 60 60 60
-~B-2DENCMA 1 0 0 [} ] 2 0 0 0 ] o
BPIDIOYMIDES _......... ..., FOMBER EXMMINED: 60 60 60 60 60 9 2 0 0 8 0
--M-MESOTHELICMA 3 0 1 3 9 0 0 8 0 i} 0
BB . KUMBER EXAMINED: 60 60 60 60 60 60 60 60 €0 60 60
--B-SCHWARNOMA 2 i I} 0 0 Q 0 0 ] 2 0
HARDERIAN GLANDS ........ ... .c..i.iiuiiiinaiiiananan... KUMBER EXAMINED: 60 60 60 60 60 60 60 &0 60 60 60
-~M-2DENCCARCINOMA 0 0 1 Q 0 L] 0 0 0 g 0
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84

Microacopic Pathology - group distribution of neoplastic findings for all animals

~~~-NUMBER-QF-ANIMALS-APPECTED ——

SEX: -MALE FEMALE:

GROUP: -1~ -2- -4- ~5- -6- -1- -2- -3- -4- -§- ~6-

ORGEN AND FINDING DESCRIPTION . NUMBER: €0 60 €3 60 60 60 60 60 60 €0 60
JBRJUNUM ... i WUMBER EXAMINED: 58 60 &0 59 59 60 58 &40 S6 60 60
--M-2DENOCARCINOMA 1] i 8 9 0 [H 0 i 0 [} a
KIORBYS . ..oe it e it e NUMBER EXAMINED: 60 60 60 60 60 60 60 &0 460 60 60
--M-RENAL LIBOSARCCMA 9 bt} 0 1 o Q 0 0 1 0 b3
--M-RENAL MESENCHYMAL TUMOUR 0 0 0 2 0 0 1 9 ] 2 Q
~~M-TUBULZR CARCINCMA ¢ ] 0 0 0 1] 0 1 9 0 0
~--B-TUBULZR ADENCMA 9 0 0 2 0 0 0 2 Y ] 0
LIVER ..ottt e NUMBER EXAMINED: 60 60 60 60 60 60 60 60 60 60 60
~~B-BEPATOCBLLULAR ADENOMA 1 3 5 4 3 5 3 1 2 5 4
LUNGS & BRONCHI ................oiiiioiinuunnnnnonnn... NUMBER EXAMTNED: 60 60 60 60 60 &0 60 60 60 40 60
--M-BRONCHIOLOALVEOLAR ADENOCARCINOMA N 2 0 0 0 0 0 L] 0 0 0 0
MAMMARY ...t NUMBER EXAMINED: 53 €0 60 60 60 60 &0 60 60 60 . 60
--M-MAMMARY ADENOCARCINGMA 0 1 ] 9 L] 0 0 0 1 1 i
—--M-DUCTULAR CARCINOMA 4 g Q 0 0 ¢ 1 ¢ 0 0 1
--B-MAMMARY FTBRCADENCMA 0 0 2 g 9 1o 9 14 16 12 8
—-B-MAMMARY ADENCMA 0 0 9 0 0 (1] L} [} i ] 2
OVARIBS ... ...ttt aiaaa e, NUMBER EXAMINED 0 0 0 ] @ S0 60 60 60 60 40
—--B-GRANULOSA CELL TUMOUR ¢ [} 0 0 0 0 1 0 0 0 1
PANCREAS .. oot NUMBER EXAMTNED: 60 60 60 60 59 SS9 60 60 60 60 60
--M-ISLET CELL CARCINCMA 2 0 1 1 0 0 9 0 g g 2
--B-ISLET CELL ADENOQMA 5 6 5 ] 8 1 2 90 1 1 1
--B-MIXED CELL ADENCMA 1 2 0 1] 9 0 0 il 0 0 9

28 5 NWUMBER EXAMINED: 60 60 69 59 60 60 €0 59 60 &0 59
~-B-MDENCMA, PARS DISTALIS 20 12 13 17 11 20 20 22 21 21 27
--B-ADENOMA, P2ZRS INTERMEDER 1 0 0 2 0 1 0 0 ] 0 0
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Microscopic Pathology - group distribution of necplastic findings for all animals

—~~-NUMBER-OF-ANIMALS-AFFECTED-—-

SEX: ---——---~-] MALE FEMALE

GROUP: -1- -2- -4~ ~-5- -6- -1 -2- -3~ -4- -5- -6

CRGAN AND FINDING DESCRIPTICH NUMBER: 60 60 60 60 60 60 60 60 €0 60 60
PREPUTTAL GLAMDS - .........ooovvinneie i inann. .. NUMBER EXAMTNED: 60 60 60 60 60 0 O 0 @ 0 0D
--B-ADENOMA 3 1 % 8 I 0 0o 0 8 9 0

0 g ¢ ¢ ¢ 8 0 B8 0

60 60 60 60 60 60 60 60 60 60

t 0 0 0 6 ® 98 0 0 0

it ¥ 1 6 0 0 1 0 1 O

190 6 6 1 0 0 2 0 0

¢ ¢ ¢ 6 o o 0 O 0 O

60 60 €0 60 60 60 &0 60 60 60

6 9 0 o 0o 0 o0 0

60 53 60 60 60 60 60 60 60 60

--B-SQUAMDUS CELL PAPILLOMA 6 o & © t 0 ¢ 1 G o0 ¢
TESTES .ottt et e e e NUMBER EXAMINED: 60 60 60 60 6 0 0 Q0 0 0 0O
~-B~INTERSTITIAL (LEYDIG) CELL ADEROMA 322 37 43 3% 4 0 9 a 0 Q@ O
THYMOS .. ..l NUMBER EXAMINED: 57 60 60 58 58 57 59 60 60 69 &0
--B-THYMGMA (BPITHBLIAL) g o ¢ 6 :f 9 90 1 0 0 1
b3 4210001 KUMBER EXAMINED: 60 60 60 60 & 60 60 60 60 60 60
--M-C-CELL CARCINOMZ + 9 0 ¢ + 1 0 1 o0 0o 3
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Microacopic Pathology - group distribution of neoplastic findings for all animals

~~--NUMBER-OF-ANIMALS-AFFECTED --—

SEX: MALE FEMALE
GRIWP: -1- -2- -4- -5- ~-§- ~1- -2- -3- -4~ -5~ -§-
ORGAN 2ND FINGING DESCRIPTION NOMBER: 60 60 60 60 50 60 60 €0 60 60 60
*+ PROM PREVIOUS PAGR **
bi:ra0) 1 PR NUMBER EXAMINED: 60 60 60 60 60 60 60 60 60 60 &0
~-M-FOLLICULAR CELL CARCINCMA 1 0 90 0 0 1 B 2 t © o
--B-C-CELL ADENOMA 7 14 12 @& 2 2 4 S5 6 8 7
--B-FOLLICULAR CELL ADERGMA i 1 90 2 ¢ 08 1 0o 2 1 1
UTERINE CERVIX ... ..........oiiiooineine e, FOMBER EXAMINEB: 0 0 0 0 0 59 59 60 & 60 60
--B-GRANUIAR CELL TUMOUR o ¢ o o o0 0 0 1 0 O 0
OTBRUS ..ottt ettt e e NUMBER EXAMINED: 0 0 © 0 8 59 53 €0 60 60 60
- -}-ADENDCARCINOMA ] ¢ o o 0 ¢ 1 o0 0 2 © 1
--M-ENDOMETRIAL STROM. SARCOMA 2 4 0 O 0 9o 90 2 9 0 1
~-M-ANAPLASTIC CARCINDMA ¢ o ©® 9 ® @ 0 1 0 T O
M- SCHWANNOMA o o o 9 9 o 9 8 1 1 O
--B-ENDOMETRIAL POLYP 9 6 0 90 0 10 11 10 17 12 12
--B-ERDCMETRIAL ADEROMA . ¢ ¢ o 0 0 L 9 O 0 0 0
ABDOMEN ... ..i.iiie e WMBERECMDED: § 0 1t 1 1 6 0 0 0 0 0
--M-OSTEOSARCOMA ¢ 0 1 8 ¢ 0 o0 o @ 8 o0
--M-SARCOMA NOS o 9 o0 9 1 0 © 0 0 6 0
ADIDOSE TISSUE . .. ...ooomrini et FOMBER EXAMIMER: 7 6 7 7 6 7 5 16 8 10
--M-LIPOSARDOME o 0 -0 1 0 © ©0 0 0 O O
--B-LIPQMA 6. 0 o0 o © o 98 o0 9 1 D
BONE ..ottt et e e e WUMBER EXAMINED: 2 0 o0 2 2 6 & 5 t 2 6
--M-0STEDSARCCMA 1 0 6 0 0 9 9 98 I 8 D
--M-SQUAMOUS CELL CARCINGR o 0 o0 1 o0 o 0 O D0 0 9
BOCCAL CAVETY .. .oovriennmin il WUMBER EXAMIMED: 0 6 o0 o 0 o © 0 98 0 1
--M-SQUAMIUS CELL CARCINOMA ¢ o o5 0 o © o0 98 0 ©° 1
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Microscopic Pathology - group distribution of neoplastic findings for all animals

-~-NUMBER-OF-ANIMALS-AFFECTED---

SEX: MALE FEMALE

GROUP: -1- -2- -4- -5- -§- -1- -2- -3- -4- -5- -6-

CRGAN 2ND FINDING DESCRIDTION NUMBER: 60 60 60 60 60 60 &0 €0 &0 60 60
H'POIBTIC TOMOUR ............oiniiiiiieiiiiiiaaann .. NUMBER EXAMINED: 60 60 €0 60 60 &0 60 60 60 60 60
~-M-LARGE GRANULAR CELL LYMPEOMA 29 30 26 34 35 17 18 27 14 16 16
=-M-MALTGNANT LYMPEOMA 0 0 0 0 0 1 2 8 ] 0 0
--M-HISTIOCYTIC SARCOMA 1 ] 1] 2 3 ] 0 1 ¢ Q 1
—-M-MIXED LYMPHOMA 0 [} a 0 0 9 0 i Q 2 1
L. KUMBER EXAMINED [ 0 1 0 i 9 i 1 0 0
~~M-LEICOMYOSARCOMA 0 i} 0 ¢ ] 0 0 0 1 0 ]
~~B-SQUAMOUS PAPILLOMA 2 0 g 1 ] 1 0 ] 0 1] 0
SUBCUTIS . ... ittt et RUMBER EXZMINED: 12 & 12 7 7 3 0 2 0 1 L4
~~M-FIBROSARCOMA 9 0 1 0 )] 0 0 ] 0 9
--M-SCHWAIRNCMA 1 0 0 0 0 8 0 0 ] )] ]
~=B-LIPOM2 Q Q 2 0 1 i 4 0 ¢ g 0
--B-FTBROMA 5 5 ? 3 5 g e 1 g 9 1
2 P NUMBER EXAMINED: 26 26 34 26 36 9 5 7 5 8 1
--M-1ETOMYOSARCOMA 8 [t 9 1 8 0 9 9 9 ] 0
THORAK .o i KUMBER EXAMINED: 2 0 ] 1 3 0 1 0 1 0 1
~-M-ANAPLASTIC CARCINCMA 1] a 0 0 1 0 0 ] 9 0 9

*¢ END OF LIST **

Toxicokinetics: The levels of SB-767905 or its metabolite SB-791399 found in few
control plasma samples were considered to be insignificant and therefore did not appear to have
had any significant impact upon the integrity or interpretation of this study. The Tmax occurred
between approximately 0.5 and 24 hours after dosing for SB-767905 and 1.0 and 24 hours after
dosing for SB-791399. There was generally no clear relationship between dose and systemic
exposure of SB-767905 in male and female animals. The systemic exposure to SB-767905
achieved at Week 52 (as measured by AUCy.; and Cmax) was generally similar to the systemic
exposure achieved oh Day 1 of the study, but in some cases varied quite considerably at the
different time points. In general, there were no consistent notable sex related differences in the
exposure to SB-767905.

Systemic exposure to SB-791399 (as measured by AUCy and Cmax) did not increase with
escalating dose in male rats and increased in a less than proportional manner with escalating dose
in female rats. Overall in female rats in Week 52, for an approximately 17-fold increase in dose
from 30 to 500 mg/kg/day, AUC,.; increased approximately 2.4-fold. The systemic exposure to
SB-791399 achieved at Week 52 (as measured by AUCy.; and Cmax) was approximately 3-to 11-
fold greater than that achieved on Day 1, at all doses and in both sexes. Systemic exposure
values were generally similar at Weeks 13, 26 and 52 in males and females. Systemic exposure
to SB-791399 (AUC,.;), was consistently higher (approximately 1.2- to 4.6-fold) in female
animals than that achieved in male animals. The systemic exposure (AUCq) to SB-793199 was
consistently higher (to approximately 1.4- to 86.4-fold) than the systemic exposure to SB-
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767905, in both sexes. The following tables (page 2636-2639 of the study report) show the TK
parameters for SB-767905 and SB-791399 in males and females.

CONFIDENTIAL R24679
BVR 389/033645
Table 1 Summary of the Composite Toxicokinetic Parameters for SB-767905

Derived from Plasma Concentration-Time Resuits from Male F344
Rats Following Oral Administration of SB-767305-KW for 52 Weeks

Dose level Day/ Week AUCqy4 Conax Tmax
(mg/kg/day) {ng.h/mL) (ngimL) (h)

100 Day 1 86.3 62.1 0.50

Day 29 6.76 214 1.00

Week 13 - 284 357 2.01

Week 26 200 6.85 0.50

Week 52 577 546 050

200 Day 1 300 547 2.02

Day 29 263 251 4.00

Week 13 219 4.07 2.00

Week 26 247 3.24 400

Week 52 865 9.7 1.06

500 Day 1 924 8.90 599

Day 29 436 452 4.00

Week 13 602 566 6.00

Week 26 437 474 2.00

Week 52 119 961 1.08
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Table 2 Summary of the Composite Toxicokinetic Parameters for SB-767905
Derived from Plasma Concentration-Time Results from Female F344
Rats Following Oral Administration of SB-767905-KW for 52 Weeks

Dose level Day! Week AUCyy Ciax Taax
(mgikg/day) {ng himl) _{ng/mL) (h}
30 Day 1 995 42.1 12.03
Day 29 4.41 1.40 4.00
Waek 13 295 3.94 4.00
Week 26 485 511 1.00
Week 52 148 116 1.01
100 Day 1 274 5.38 4.00
Day 29 T 335 6:03 400
Week 13 402 6.24 201
Waek 26 758 8.66 2.00
Week 52 76.7 10.3 400
200 Day 1 295 6.53 2.03
Day 29 229 4.49 107
Week 13 59.1 417 24.00
Week 26 84.0 8.47 2.00
Week 52 131 208 0.50
500 Day 1 785 12.1 12.02
Day 29 795 9.21 4.00
Week 13 977 16.6 400
Week 26 145 171 400
Week 52 213 239 400
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CONFIDENTIAL R24679
' BVR 389/033645
Table 3 Summary of the Composite Toxicokinetic Parameters for $B-791399

Derived from Plasma Concentration-Time Results from Male F344
Rats Following Oral Administration of SB-767905-KW for 52 Weeks

Dose level | Day/ Week © AUCyy Cenax ~ Tinax
(mgikg/day) : {ng.h/iml) (ngfmL} {h)
100 Day 1 120 : 129 8.00
Day 29 361 19.8 24.00

Week 13 522 . 303 407

Week 26 458 247 12,00

Week 52 .57 38.3 8.00

200 Day 1 153 155 8.05
Day 29 262 15.2 2.00

Week 13 551 52.1 8.00

Week 26 854 : 36.8 8.00

Week 52 671 370 12.00

500 Day 1 246 249 11.99
Day 29 314 18.1 6.00

Week 13 815 428 1.00

Week 26 675 36.4 8.00

Week 52 835 475 12.00
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CONFIDENTIAL R24679
BVR 389/033645
Table 4 Summary of the Composite Toxicokinetic Parameters for $B-791399

Derived from Plasma Concentration-Time Results from Female F344
Rats Following Oral Administration of SB-767905-KW for 52 Weeks

Dose level Dayi Week AUCqy4 ‘ Creax Trax
(mglkg/day) (ng.h/mL) (ngimL) ()
30 Day 1 283 344 12.03
| Day2g 381 313 8.00

Week 13 950 636 12.00

Week 26 1000 767 8.00

Week 52 1370 978 8.00

100 Day 1 198 170 6.00
Day 29 867 45.1 4.00

Week 13 1550 83.1 24.00

Week 26 1660 104 _ 12.00

Week 52 1360 808 12.00

200 Day 1 308 329 12.00
Day 29 920 459 12.00

Week 13 1640 84.2 401

Week 26 2600 161 12.00

Week 52 2940 185 12.00

500 Day 1 301 355 1202
Day 29 824 702 6.00

Waek 13 2420 149 8.00

Week 26 3110 162 24.00

Week 52 3260 205 12.00
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Summary of individual study findings:

Adequacy of the carcinogenicity study and appropriateness of the test model: This study appears
to be adequate and acceptable. The dose selection based on the saturation of absorption appears
to be appropriate and was in concurrence with the ExecCAC recommendations. The selection of
the test model also appears to be appropriate. Overall, the study was conducted in a valid
manner.

Evaluation of tumor findings: The Peto’s trend tests showed statistically significant dose
responses in the incidence of THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats,
and in the incidence of C-CELL CARCINOMA (p = 0.0199) in thyroids in female rats. The
sponsor did not provide historical control data.

Carcinogenicity summary: In this study, groups of rats (60/sex/group) were given 0 (water), 0
(vehicle), 100, 200 or 500 mg/kg/day SB-767905-KW in 10% (w/v) aqueous acacia at a dose
volume of 5 mL/kg by oral (gavage) administration once daily for 104 weeks. An additional
group of 60 female rats was given 30 mg/kg/day, at a dose volume of 3 mL/kg, for the same
period.

Treatment with SB-767905-KW had no effect on survival in either sex. There was no significant
in-life findings associated with treatment with SB-767905-KW. Macroscopic observations
included statistically significant increased incidence of enlargement (27.3% versus 0% in
controls) of the deep cervical lymph nodes in male decedent rats at 500 mg/kg/day. However, in
terminal kill males at 500 mg/kg/day the incidence of deep cervical lymph node enlargement
(3.7%) was similar to that in vehicle control males (3.3%). Compared with male vehicle
controls, a statistically significant increased incidence of enlargement (51.7% versus 28.3%) was
noted in the lumbar lymph nodes of male rats (decedent and terminal combined) at 500
mg/kg/day. There were no significant treatment-related histopathology findings.

The Peto’s trend tests showed statistically significant dose responses in the incidence of
THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats, and in the incidence of C-
CELL CARCINOMA (p = 0.0199) in thyroids in female rats. Overall, the conduct of the study
appeared to be adequate and acceptable.

Carcinogenicity conclusions: Alvimopan appears to have caused statistically significant
increase in the incidence of THYMOMA (EPTIHELIAL, p = 0.014) in the thymus of male rats,
and in the incidence of CELL CARCINOMA (p = 0.0199) in thyroids of female rats when
compared to respective controls.

Recommendations for further analysis: None

Labeling Recommendations: The sponsor may be asked to modify the proposed label of
Entereg® as suggested below.
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SUMMARY AND EVALUATION:

Alvimopan is a relatively selective, peripherally active p-opioid receptor antagonist intended for
the management of postoperative ileus (POI), a serious condition following abdominal or pelvic
surgery. The results from Study SB767905/014 (Study 014), a long-term study in non-cancer
IBD patients, demonstrated an imbalance in the number of neoplasms, bone fractures and
myocardial infarction compared to the placebo. The Division asked the sponsor to submit the
full study reports of the carcinogenicity studies in mice and rats. In this submission, the sponsor
presented the reports of 104-week oral carcinogenicity studies in mice and rats and proposed
labeling for Carcinogenesis, Mutagenesis and Impairment of Fertility. :

Mice

In a 104-week oral carcinogenicity study in CD-1 mice, group§ of mice (60/sex/group) were
administered 0 (purified water), 0 (vehicle), 100, 1000 or 4000 mg/kg/day SB-767905-KW in
10% (w/v) aqueous acacia (10 mL/kg) by oral (gavage) administration once daily for up to 104
weeks. Survival in the female group at 100 mg/kg/day fell below 15 animals in Week 101, and
all surviving females in this group were sacrificed in Week 101. Survival in the vehicle control
female group fell below 15 in Week 102, and all remaining females from all groups were killed
in Weeks 102/103. An additional 27 animals/sex were included at doses of 0 (vehicle), 100
1000 or 4000 mg/kg/day SB-767905-KW for toxicokinetic evaluation.

The homogeneity tests for mortality data showed statistically significant differences in survivals.
for only male mice across treatment groups. P-values from both Cox and Kruskal-Wallis tests
were approximately zero. From Kaplan-Meier Survival Functions for male mice, survival at
1000 mg/kg/day and 4000 mg/kg/day appeared to be much better than the vehicle control group.
For comparisons of the two control groups, in males, the water control (Group 5) demonstrated
significantly lower mortality than the vehicle control (Group 1) (P = 0.032). For females, there
was no significant difference in mortality between the two control groups (P= 0.05).

There appeared to be no significant treatment-related effects on clinical signs, food consumption,
body weight, hematology, and gross pathology. There was a higher incidence (up to 22% and
27% in males and females, respectively) of minimal to slight rhinitis in animals of both sexes at
4000 mg/kg/day, generally involving the anterior-most nasal cavity. This, however, fell within
the historical control data for rhinitis (up to 32% and 38% in males and females respectively).

Peto’s trend test showed statistically significant dose responses in the incidence of SARCOMA
in the skin/subcutis (p = 0.0063), OSTEOGENIC tumor (p = 0.0063), and skin/appendage
FIBROBLASTIC tumor (p = 0.0003) in the female mice. In addition, pairwise comparisons also
revealed significantly higher incidences of S/A fibroblastic (p = 0.0212) tumor and osteogenic (p
= 0.0424) tumors in females at high dose when compared to vehicle control. The sponsor stated
that the higher incidence of fibroblastic tumors (8.3%) at 4000 mg/kg/day fell within the
historical control range (0 to 9.8%) for this tumor in this mouse strain/sex in this laboratory. The
sponsor did not submit the historical control data. Per the sponsor, the incidence (6.7%) of
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osteogenic tumors in females at 4000 mg/kg/day was higher compared to that of the historical
control incidence data (0 to 2.9%). The dose selection was per the ExecCAC recommendations
(meeting minutes dated December18, 2002). The conduct of the study appears to be adequate
and acceptable.

Overall, it appears that alviinopan caused significant increase in the incidences of SARCOMA in
the skin/subcutis (p = 0.0063), OSTEOGENIC tumor (p = 0.0063), and skin/appendage
FIBROBLASTIC tumor (p = 0.0003) in the female mice.

Rats

In this study, groups of rats (60/sex/group) were given 0 (water), 0 (vehicle), 100, 200 or 500
mg/kg/day SB-767905-KW in 10% (w/v) aqueous acacia at a dose volume of 5 mL/kg by oral
(gavage) administration once daily for. 104 weeks. A further group of 60 female rats was given
30 mg/kg/day, at a dose volume of 3 mL/kg, for the same period.

Treatment with SB-767905-KW had no effect on survival in either sex. There was no significant
in-life findings associated with treatment with SB-767905-KW. Macroscopic observations
included statistically significant increased incidence of enlargement (27.3% versus 0% in
controls) of the deep cervical lymph nodes in male decedent rats at 500 mg/kg/day. However, in
terminal kill males at 500 mg/kg/day the incidence of deep cervical lymph node enlargement
(3.7%) was similar to that in vehicle control males (3.3%). Compared with male vehicle
controls, a statistically significant increased incidence of enlargement (51.7% versus 28.3%) was
noted in the lumbar lymph nodes of male rats (decedent and terminal combined) at 500
mg/kg/day. There were no significant treatment-related histopathology findings.

Overall, the Peto’s trend tests showed statistically significant increase in the incidence of
THYMOMA (EPTIHELIAL, p = 0.014) in the thymus in male rats, and in the incidence of C-
CELL CARCINOMA (p = 0.0199) in thyroids in female rats. Overall, the conduct of the study
appeared to be adequate and acceptable.

RECOMMENDATION: None

Labeling Recommendations: The sponsor may be asked to modify the proposed label of
Entereg® as suggested in the text of this review.
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Tamal K. Chakraborti, Ph.D.  Date
Pharmacologist

Comment:

Sushanta K. Chakder, Ph.D. Date
Acting Team Leader

cc:
IND

HFD-180

HFD-181/CSO
HFD-180/Dr. Chakder
HFD-180/Dr. Chakraborti

APPENDIX-I: ExecCAC Meeting Minutes for the Mice Study, Page 59
APPENDIX-II: - ExecCAC Meeting Minutes for the Rat Study, Page 62
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IND 56,533

Executive CAC
Date of Meeting: December 10, 2002

Committee:  Joseph Contrera, Ph.D., HFD-901, Acting Chair
Abby Jacobs, Ph.D., HFD-540, Alternate Member
Karen Davis Bruno, Ph.D., HFD-510, Alternate Member
Jasti Choudary, B.V.Sc, Ph.D., HFD-180, Supervisory Pharmacologist
Yash M. Chopra, M.D., Ph.D., HFD-180, Presenting Reviewer

Author of Draft: Yash M. Chopra. M.D., Ph.D.

The following information reflects a brief summary of the Committee discussion and its
recommendations. Detailed study information can be found in the individual review.

The committee did not address the sponsor’s proposed statistical evaluation for the 2-yr
carcinogen bioassay, as this does not affect the sponsor's ability to initiate the bioassay.
The sponsor may seek guidance on the statistical evaluation of bioassay results from
agency staff separately. Data files should be submitted electronically following section B
of the 'Guidance for Industry, Providing Regulatory Submission in Electronic Format,
New Drug Application.’

IND # 56,533
Drug Name: Alvimopan Capsules
Sponsor: Adolor Corporation, Exton, PA.

Alvimopan is a relatively selective peripheral ;c-opioid receptor antagonist. The
compound is currently under development for the treatment of opioid induced bowel
dysfunction. The sponsor submitted a protocol and dose selection for a 2-year mouse
carcinogenicity study, and reports of a 13-week oral toxicity study in mice and a special
5-day toxicokinetic study in mice. Sponsor also referred to an earlier submission (study
# 808-007 in amendment #0835 dated 12/19/2001) in which data relating to maximum
feasible concentration (MFD) of the dosing solution was provided.

Mouse Carcinogenicity Study Protocol and Dose Selection:

In the 13-week toxicity study, mice were treated with oral doses of alvimopan at 100,
300, 600 and 1000 mg/kg/day. There were no treatment-related effects on body weights
and food consumption of the animals. A small decrease in the absolute reticulocyte
counts and slight increase in myeloid/erythroid ratio was seen males of 1000 mg/kg/day
treatment group. Such effects were not seen in treated females. No specific target organs
of the toxicity were identified. A maximum tolerated dose (MTD) could not be
identified. The toxicokinetic data of the study indicated that the absorption of the
compound was low and erratic. The data of the study were not useful for the dose
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IND 56333
Page 2 of 2

selection of the 2-year mouse carcinogenicity study.

In a special S-day toxicokinetic study, 5 groups of mice were treated with oral doses of
500, 1000, 2000 and 4000 mg/kg/day alvimopan. On day 1, alvimopan AUC values were
194, 468, 1013 and 1853 ng.lu/ml in males and 201, 728, 8§42 and 1185 ng.hr/ml in
females of 500, 1600, 2000 and 4000 mg/kg/day treatment groups. On day 3, absorption
of the compound was poor and erratic. The plasma concentrations of the metabolite,
ADL 08-0011 were linear but not dose proportional on study day 1 and 5. The plasma
AUC values of the parent compound or the metabolite were not dose related and not
sufficiently high to provide the needed 25-fold ratio to the expected-human plasma AUC
at the projected clinical dose. '

In the previous study to determine the maximum feasible concentration of alvimopan
dosing solutions, the compound suspensions at the concentration from 150, 200, 300, 400
to 500 mg/ml in 5% gum acacia were examined for the uniform homogeneity and the
ease of aspiration through a dosing cannula. A suspension containing 500 mg/ml was
more viscous and was difficult to aspirate. A suspension containing 400 mg/ml
alvimopan was identified as a maximum feasible concentration in the study. This
corresponds to maximum feasible dose (MFD) of 4000 mg/kg dose to be administered in
10 mlkg. Based on the identified MFD, the dose of 4000 mg/kg/day was proposed by
sponsor as the high dose. The proposed mid and low doses were 1000 and 100
mg/kg/day respectively. The proposed mid dose of 1000 mg/kg/day was the highest dose
in the 13-week toxicity study. . It did not exert any limiting toxic effect. The proposed
low dose of 100 mg/kg/day alvimopan is expected to provide higher exposure than the
expected exposure at the projected clinical dose of 3 mg/day. Sponsor proposed doses
are acceptable.

In the proposed 2-year mouse carcinogenicity study, there will be 2 control groups (5%
gum acacia vehicle and the other with distilled water) and 3 treatment groups.
Additionally 4 groups of 15 animals/sex/group will be used to collect blood samples from
3 animals/sex/group prior to dosing, 1, 4, 8 and 24 hr post dosing at study week 13 and
26 to determine the toxicokinetic parameters of the alvimopan and its metabolite (ADL —
08-0011). Histopathological examination will be undertaken for tissues of animals of all
the main study groups.

Executive CAC Recommendations and Conclusions:
1. The Conunittee concurs with the sponsor's proposed oral doses of 100, 1000 & 4000

mg/kg/day in males and females based on MFD.

Joseph Contrera, Ph.D.
Acting Chair, Executive CAC
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IND 56533
Page 3 of 3
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This is a representation of an electronic record that was signed electronically and
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Executive CAC
January 22, 2002
Committee:  Joseph Confrera, Ph.D., HFD-901, Acting Chair
Tohn Leighton, Ph.D., HFD-150, Alternate Member
Tim McGovern, Ph.D.. HFD-170, Alternate Member
Jasti Choudary, B.V.Sc., Ph.D., HFD-180, Supervisory Pharmacologist
Tamal Chakraborti, Ph.D., HFD-180, Presenting Reviewer

Author of Draft: Tamal Chakfabmﬁ, Ph.D.

The following information reflects a brief swnmary of the Comumittee discussion and its
recommendations. Detailed study information can be found in the individual review.

The committee did not address the sponsor’s proposed statistical evaluation for the 2-yr
carcinogen bioassays, as this does not affect the sponsor’s ability to initiate the bioassays. The
sponsor may seek guidance on the statistical evaluation of bioassay results from agency staff
separately. Data files should be submitted electronically following section E of the ‘Guidance
for Industry, Providing Regulatory Submission in Electronic Format, New Drug Application.’

IND #: 36, 553
Drug Name: ADLS-2698
Sponsor: Adolor Corporation

The sponsor has previously submitted dose selection/protocols in two separate occasions
(Amendment # 047 dated April 3, 2001 and Amendment # 060 dated Fuly 11, 2001). The Exec
CAC did not concur with proposed doses of 50, 100, and 200 mg/kg/day (Amendment # 047
dated April 3, 2001) as 200 mg/kg/day did not appear to be the MTD. In the revised protocol
(Amendment # 060 dated July 11, 2001) at 50, 100, 200, and 500 mg/kg/day, the Exec CAC
concurred with the proposed high dose of 500 mg/kg/day in females based on saturation of
absorption criterion; however, the committee did not concur with the proposed high dose of 500
mg/kg/day in males based on this criterion, which has not been demonstrated in males. In this
submission, the sponsor presented another protocol at 100, 200, and 500 mg/kg/day and a
pharmacokinetic study in rat in support of the dose selection.

Rat Carcinogenicity Dose Selection:

The sponsor submitted this revised protocol along with the report of a formulation and
toxicokinetic study (Study No. §08-007) of ADL8-2698 and its metabolite ADL.08-0011 in rat to
support the basis of dose selection. In this study, formulations were prepared at 150, 200, 300,
400, and 500 mg/ml and assessments of homogeneity and ease of aspiration through a dosing
tube were made. The maximum feasible concentration was determined to be 400 mg/ml in 10%
w/v gum acacia suspension, as at 500 mg/ml, the suspension was not homogenous and was found
to be difficult to aspirate through a rodent gavage tube and syringe. This maximum feasible
concentration of 400 mg/ml corresponds to MFD of 4000 mgrkg at a dose volume of 10 ml/kg.
In the toxicokinetic portion of this study, rats were treated (single, oral) at 500, 1000, 2000, or
4000 mg/kg (10 ml/kg) and serial plasma samples were collected for the determination of ADLS-
2698 and its amide hydrolysis metabolite, ADL08-0011. There was no dose-related increase in
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the exposure to the parent drug in either sex. In males, mean (£SD) AUC.4y values for the
parent drug were 36.3+7.8,37.5+ 7.9, 37.3 £9.8, and 27.4 + 9.7 ng.lu/ml at 500, 1000, 2000,
and 4000 mg/kg/day, respectively. In females, mean AUCy.245 values for the parent drug were
42.1£7.2, 440+ 12.9,25.9 £ 3.0, and 34.8 + 7.5 ng.lu/ml at 500, 1000, 2000, and 4000
mg/kg/day, respectively. The plasma concentrations of ADL08-0011 (metabolite of ADLS-
2698) ncreased over the 24-hr collection period in both sexes; however, there was no significant
difference in the plasma concentrations of the metabolite either across sex or different dose
groups. In males, the AUC 4, values for ADLS-0011 were calculated (by the reviewer using
trapezoidal rule) to be 279.07, 258.29, 225.40, and 230.79 ng.h/ml at 500, 1000, 2000, and 4000
mg/kg, respectively, indicating no dose-related increase inn exposure to the metabolite, which
could be attributed to the saturation of absorption of the parent drug. In females, the AUCq 245
values for ADL38-0011 were calculated (by the reviewer using trapezoidal rule) to be 791.43,
596.46, 360.68. and 481.44 ng./ml at 500, 1000, 2000, and 4000 mg/kg, respectively. Unlike
the previous study in male rats, the results of the current study demonstrated an apparent
saturation of absorption of ADL8-2698 in both males and females, as there was no dose-related
increase in AUC values in either sex from 500 to 4000 mg/kg. There was no apparent sex-
related difference in exposure to parent drug or metabolite either. It is to be mentioned here that
the sampling time (up to 24 hir) in this study dose not appear to be adequate for a drug, which has
a relatively long half-life (10 to 18 h} in rats. The sponsor should have extended the sampling
time for at least up to 48 houus to achieve a steady state concentration of the drug. According to
the toxicokinetic portion of the proposed carcinogenicity study protocol, plasma concentration of
the test material will be determined at 1, 4, and 24 hours time point during Weeks 13, 26 and 52.
The sponsor should include more time points for toxicokinetics portion of the proposed protocol
and should extend the sampling time for at least up to 48 hours. Overall, based on the analysis of
the AUC values in rats, the absorption of ADL8-2698 appears to be saturable at 500 mg/kg in
both sexes following oral administration. It is to be mentioned here that in the proposed protocol,
gastrointestinal tract was not included in the list of tissues for histopathology. The sponsor
should include histopathological examination of the entire gastrointestinal tract (especially large
intestine and cecun) that might reveal any site (of action)-specific toxicity.

Executive CAC Recommendations and Conclusions:

1. The committee concurred with the proposed doses of 100, 200, and 500 mg/kg/day based on
the saturation of absorption (ADLS-2698) criterion.

2. The conunittee suggested that the sponsor should include histopathological examination of
the entire gastrointestinal tract (especially large intestine and cecum) that might reveal any
site (of action)-specific toxicity.

3. The committee also suggested that based on the relatively long hatf-life of the drug in rat, the
sponsor should include more time points for toxicokinetics portion of the proposed protocol
and should extend the sampling time for at least up to 48 hours.

Joseph Contrera, Ph.D.
Acting Chair, Executive CAC

63



NDA 21-775 Serial No. 000

cc\

/Division File, HFD-180
/TChakraborti, HFD-180
/IChoudary, HFD-180
/CSO/PM, HFD-181
/ASeifried, HFD-024

64



NDA 21-775 Serial No. 000

This is a representation of an electronic record that was signed electronically and
this page Is the manifestation of the electronic signature.

Joe Contrera
1/25/02 09:06:17 AM

65



NDA 21-775 Serial No. 000

«®

H
O (\0

)
W



This is a representation of an electronic record that was signed electronically and
this page is the manifestation of the electronic signature. -

Tamal Chakraborti
11/26/2007 09:49:23 AM
PHARMACOLOGIST
V V,
R o mumy IND - 56,553 Amendment
2007 (Adolor Corporation).

283 dated August 10,

Sushanta Chakder
11/26/2007 10:20:41 AM
PHARMACOLOGIST



Reviewer: Tamal K. Chakraborti, Ph.D.

1fot ot

NDA No. 21-775

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION

NDA NUMBER:

SERIAL NUMBER:

DATE RECEIVED BY CENTER:

DRUG NAME:
INDICATION:

SPONSOR:

DOCUMENT S REVIEWED:

REVIEW DIVISION:

PHARM/TOX REVIEWER:

PHARM/TOX SUPERVISOR:

ACTING DIVISION DIRECTOR:

PROJECT MANAGER:

21-775

Original (RUP 001): May 4, 2004
Amendment (RUP 001 BP): May 14, 2004

Original (RUP 001): May 5, 2004
Amendment (RUP 001 BP): May 17, 2004

Alvimopan (Entereg™ Capsules)

To accelerate time to recovery of gastrointestinal
function following abdominal or pelvic surgery
Adolor Corporation

EDR, CMA: Pilot I- RU for Item S

Division of Gastrointestinal & Coagulation Drug
Products (HFD-180)

Tamal K, Chakraborti, Ph.D.
Jasti B. Choudary, B.V. Sc., Ph.D.
Joyce Korvick, M.D., M.P.H.

Tanya Clayton, B.S.



Reviewer: Tamal K. Chakraborti, Ph.D. NDA No. 21-775

TABLE OF CONTENTS

EXECUTIVE SUMMARY ....ccoverivienserssansaassses : 3
2.6 PHARMACOLOGY/TOXICOLOGY REVIEW ........iecnrerenssarscnn cesessessensane 5
2.6.1 INTRODUCTION AND DRUG HISTORY .. . eeensd
PHARMACOLOGY .ccouririrnrecssrissessencssnnessnsessssesssssncsssasssssassssassssnns resesssereersasereeares 12
Brief SUIMMATY ....couiiiiiiie ettt ettt s s st sttt s s s e e s e s s er e s s be s basan e e eansesbasansasnssas 12
Primary PharmacodynamuiCs.......cooceveriiiiiniiiniieic ittt s s s naesne s na s s s s s s e e srnnees 14
Secondary Pharmacodynamics ........ eectersreeeeseasssreessnaseserssasarseny PSP ROOO 21
Safety PRArMACOIOZY ...uvecvvieirieriritiiiiiiiientceinenreistentestise e sssess sessse s sasnansesvesnsssesasssessnesnrascassassess 21
Pharmacodynamic Drug INteractions..........cccovciiiiiiiniiiiiniiciiesnis e a e s 25
PHARMACOKINETICS/TOXICOKINETICS .. ceresseerssssnsesnone .
2.6.4.1 Brief SUBMINATY .....ceieiiiie et et ss ettt esen e e e s e st e be s s s s s ssanbassans 26
2642 Methods Of ADALYSIS .....rieiecieceecetenteteeceeri ettt cere e s s rasan st e s s s srnesae s sesavannas 26
2.643 ADSOTPLION. . .cccvteeetiiireceiectne et cetset e et se et et s esas s b b e s e e e s seb e nane e s anss s s et esssansensenn 27
2.6.4.4 DHSIIDULION ..ottt es s i e s n e b ee st ara et s smnn e aessanaen s 42
2.64.5 MetaboliSm ....coveveeiiriariiiieiireceine et ereeereesseeeeeeateteeesee e e eesetsartensnneane e 45
2.6.4.6 EXCTEUOM. ¢eeeveectieeresereesereeneseresereateesteeee smeesneeseseensessnesseeeosasasssassnsesnsressesnsssenrasassesssanssns 56
2.6.47  Pharmacokinetic Drug HIEractions. ..........cccevureerereerererrermaeesmecsscriessssissimessssemsessesssessasases 61
2.6.4.8 Other Pharmacokinetic Studies ...........cccovviiiininiiinnns reeeeeeeeeateee oo s eeaee e teseartrsateen 62
2.6.4.9 Discussion and CONCIUSIONS.........courctrrareerereiereesreesiesriessresessssratsssss e tessbaseassasassassasssess 62
2.6.4.10  Tables and Figures to Include Comparative Toxicokinetic Summary......... peereeeneneeneeiasiaes 63
2.6.6 TOXICOLOGY vesssssenseeases 1
2.6.6.1 Overall ToXICOIOZY SUMMATY .....cc.uoiiiiiiiioiiiiiititeninrie s et er e s sese e eneen 66
2.6.6.2 SINEIE-DI0SE TOXICILY . ...eeeuverieeieneereereeeriiietreerec et st sesets v e sana e s s e s ans e s s s s se s neenbeasens 67
2.6.6.3 RePeat-DOSE TOXICILY ..evvreeiereeeieriirirmernisiinisstestsrscristestareseste s saersestessesnassasassasessenseesessens 68
6.6.6.4 Genetic TOXICOIOZY ...vovreeereeeiiiniititiit st st st s b et s e st s er e st eaee s e ssasss e smnenesee 124
2.6.6.5  CAICINOZENICILY ....vevuvererveernaeersesesseesesseessrsssesesessensisessossesssscscsemesesecsassesessassarnnssnssasans 137
2.6.6.6 Reproductive and Developmental TOXICOIOZY .....cccviiriininvinmmiiiineesiiinie e 138
2.6.6.7 LOCAI TOIETANCE.......ceveereeerenreeriereneereseetes e sesse e seeeressansesesmcemeanseneesmessentesesssensensassansrsssce 164
2.6.6.8 Special TOXIiCOIOZY STUAIES. .....eevereerriiiiiiiniiinie st st st ene 164
2.6.6.9 Discussion and ConcClUSIONS........cocuireirrarieienietiicsrinessreetese st sessreres st sesasssassssiasas 171
2.6.6.10  Tables and FIZUIES. ....c.covererieeeenietrreeeeetertiesecsetestenesseessssore somsssnssnsessaesssasensnsssssssancenses 172
OVERALL CONCLUSIONS AND RECOMMENDATIONS.........ccoo0ve.. reeeeeesemsssamsseaes 174
APPENDIX/ATTACHMENTS .......cccuueen.. ctessassstcsssrrsessrsasenessessesnanasessssranssasssensas cesenenes e 180




Reviewer: Tamal K. Chakraborti, Ph.D. NDA No. 21-775

II.

EXECUTIVE SUMMARY.

Recommendations:

A.

B.

C.

Recommendation on Approvability: From a preclinical standpoint, this NDA

may be approved.

Recommendation for Nonclinical Studies: None.

Recommendations on Labeling: Sponsor should be asked to change the
proposed label of alvimopan as suggested in the text of the review.

Summary of Nonclinical Findings:

A.

Brief Overview of Nonclinical Findings: The systemic toxicity of alvimopan
and its metabolite ADL 08-0011 was adequately evaluated following oral and
intravenous (i.v.) administrations in mice, rats and dogs. Alvimopan has also
been tested for its potential to cause genotoxicity in an adequate battery of
genotoxicity tests. In addition, alvimopan has been evaluated for fertility and
reproductive performance (Segment I) in rats, teratology (Segment II) in rats
and rabbits and peri and postnatal development (Segment IIT) in rats.
Adequate safety pharmacology studies were also conducted with alvimopan,
which did not show any potential safety concern.

Alvimopan exhibited no significant target organs of toxicity when
administered at sufficiently high oral doses up to 13 weeks in mice and up to 6
months in rats and dogs. Alvimopan was also tested intravenously at
sufficiently high doses up to 2 weeks in rats and up to 1 month in dogs and
produced no significant toxicity. After repeated oral administration of
alvimopan to rats for 1 (200, 500 and 1000 mg/kg/day) or 6 months (50, 100
and 200 mg/kg/day), the no-observed-adverse-effect-levels (NOAELSs) were
1000 and 200 mg/kg/day, respectively, the highest tested doses. After
repeated oral doses of alvimopan to dogs for 1 (100, 250, 500-and 1000
mg/kg/day) or 6 months (10, 30 and 100 mg/kg/day), the NOAELSs were 1000
and 100 mg/kg/day, respectively, the highest tested doses. In repeat dose i.v.
toxicity studies in rats (1, 5 and 10 mg/kg/day) and dogs (0.05, 0.2 and 2.0
mg/kg/day) , the NOAELSs were 10 and 2 mg/kg/day, respectively.

ADL 08-0011, the pharmacologically active metabolite of alvimoan, was also -
tested intravenously up to 2 weeks in rats and dogs. ADL 08-0011 did not
cause any significant toxicity in rats or dogs when administered up to 8 or 2
mg/kg/day, respectively. Exposure to ADL 08-0011 following multiple oral
doses of alvimopan was species-dependent. Mice and rats administered
multiple oral doses of alvimopan showed plasma concentrations of the
metabolite, ADL 08- 0011, in excess of the parent drug, while dogs showed
minimal levels of ADL 08-0011 after alvimopan administration.
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The proposed human oral dose for alvimopan is 12 mg b.i.d. or 24 mg/day or
0.48 mg/kg/day (based on 50 kg body weight), which is equivalent to 17.8
mg/m®. The highest tested doses in rats (200 mg/kg/day) and dogs (100
mg/kg/day) in 6-month oral toxicity studies were approxunately 67.4 and
112.3 times the proposed human dose (17.8 mg/m?), respectively, based on
body surface area. Alvimopan and its active metabolite ADL 08-0011 did not
show any potential for genotoxicity. In fertility and reproductive performance
study in rats, alvimopan did not cause any adverse effect. It was not
teratogenic in rats or rabbits.

In conclusion, the nonclinical studies conducted on alvimopan provide

adequate assurance of safety for its proposed oral use as indicated in the draft
labeling.

B. Pharmacologic Activity: Alvimopan is a reldtively selective and peripherally
active p-opioid receptor antagonist intended for the management of
postoperative ileus (POI). Exogenous and endogenous opioids used to relieve
post-operative pain have been implicated in the development of POI.
Morphine and other p-opioid receptor agonists can prolong the duration of
POI through delayed gastric emptying, reduced GI motility, and disrupted
colonic myoelectric activity. Alvimopan and its metabolite, ADL 08-0011,
have been shown to be highly potent and relatively selective p-opioid receptor
antagonists in binding assays using cloned human (y, 8, «), rat whole brain (1,
d), and guinea pig cortex (k) opioid receptors. The Ki values for cloned
human y, § and « receptors are 0.44 nM, 10 nM and 100 nM, respectively.
Alvimopan antagonized the peripheral effects of opioids on gastrointestinal
motility and secretion by competitively binding to gastrointestinal tract p-
opioid receptors. Following oral administration in morphine or loperamide-
treated mice, alvimopan antagonized the peripheral effects of opioids on
gastrointestinal motility and secretion at 0.46-1.1 mg/kg doses. Alvimopan
also (0.001 to 100 mg/kg, i.v.) dose-dependently produced diarrhea (ED-50 =
0.07 mg/kg) in morphine-dependent mice. Overall, various in vitro and in
vivo pharmacology studies support its intended use as indicated in the draft
labeling.

C. Nonclinical Safety Issues Relevant to Clinical Use: None.
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA Number: 21-775

Review Number: 001

Sequence Number/Date/Type of submission:

Original (RUP 001): May 4, 2004
Amendment (RUP 001 BP): May 14, 2004

Information to Sponsor: Yes ( ) No (X)

Sponsor: Adolor Corporation

Manufacturer for Drug Substance: | S ——
Reviewer Name: Tamal K. Chakraborti, Ph.D.

Division Name: Gastrointestinal & Coagulation Drug Products
HFD #: 180

Review Completion Date:

Drug:
Trade Name: Entereg
Generic Name: Alvimopan
Code Name: ADL8-2698, LY246736

Chemical Name: [[2(S)-{[4(R)-(3-hydroxyphenyl)-3(R), 4- dimethyl-1-
piperidinyljmethyl]-1-oxo- 3-phenylpropyl] amino] acetic acid dihydrate

CAS Registry Number: 170098-38-1

Molecular Formula/Molecular Weight: C,5H3,N,04¢ 2H,0/460.6

Structure:
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Relevant INDs/NDAs:
1. L . .
2. IND 56,553 (ADL8-2698, Adolor Corporation, HFD-180)
3. cmmemaemesy, .
4, e,

Drug Class: Opioid p receptor antagonist.

Indication: Alvimopan is indicated to accelerate the time to recovery of gastrointestinal
function following abdominal or pelvic surgery.

Clinical Formulation: The unit dose composition for alvimopan 6 mg capsules is shown
in the following table (from Item 4, page 6 of sponsor’s submission).

1.2 Unit Dose Composition

Table 2 Unit Dose Composition for Alvimopan 6 mg (anhydrous) Capsules

Ingredient mg/capsule

Alvimopan' ——

Polyethylene Glycol RN PT AENR

1 capsule
TARARATSRERAE

Total Fill weight 300.0

! equivalent to 6.0 mg afvimopan on an anhydrous basis

Route of Administration; Oral (capsulesj
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Proposed Use: Alvimopan is indicated to accelerate time to recovery of gastrointestinal

function following abdominal or pelvic surgery.

Disclaimer: Tabular and graphical information are constructed by the reviewer unless

cited otherwise.

Studies Reviewed Within This Submission: The following table shows the studies

reviewed within this submission.

STUDY REPORT/ TEST | LOT NO. REYV,
STUDY NO. SITE PAGE

PHARMACOLOGY 12

ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETION 25

ABSORPTION 27

Determination of portal and systemic plasma ADMERPT2/ 1 V86-CIS-005 | 27

concentrations of radioactivity in rats dosed 10 mg/kg 042R92

1*C_alvimopan”

Determination of plasma concentrations of alvimopan in | ADMERPTS/ 1 NA 28

Fischer 344 rats dosed with 200 mg/kg by oral gavage R02993

daily for one month”

Plasma concentrations of alvimopan in Beagle dogs ADMERPT3/ 1 NA 30

dosed intravenously with 0.05 mg/kg, 0.2 mg/kg or 2. 0 D04992

mg/ kg alvimopan daily for 1 month”

Plasma concentrations of alvimopan in Beagle dogs ADMERPT4/ 1 NA 33

dosed orally with 10 mg/kg, 30 mg/kg, or 100 mg/kg D02793

alvimopan Daily for 1 Month”

Blood level study in Fischer 344 rats given a single oral | R05693 1 284-MH2 36

gavage dose of alvimopan

Pharmacokinetic study of alvimopan in Fisher rats’ 808-005 3 R009340 36

Formulation and toxicokinetic study of alvimopan in 808- 007 3 OR12098.N.0 | 38

Fischer rats” ' 1.D1.01

Calculation of alvimopan pharmacokinetic parameters 14TKO10 4 R009340 40

following single intravenous doses of 1, 5 or 10 mg/kg

to Fischer rats

DISTRIBUTION 42

In vitro evaluation of binding of ["H]alvimopan to 0833XA43.001 5 | R0O09340 42

mouse, rat, dog, and normal human plasma proteins

In vitro evaluation of binding of ["HJalvimopan to rat, 0833XA43.003 5 AC03434 42

rabbit, and normal human plasma proteins |

In vitro evaluation of binding of PHJADL 08-0011 to 0833XA43.004 5 AC03282 43

mouse, rat, rabbit, dog and normal human plasma

proteins

Red blood cell partitioning study with LC/MS/MS 57- 0307 6 AC03282 43

analysis of alvimopan in human, dog, rabbit, rat, and

mouse

In vitro evaluation of the distribution of PHJADL 08- 0834XA43.002 5 01-STD-016 | 44

0011 in normal mouse, rat, rabbit, dog and normal '

human whole blood

Whole-body autoradiographic distribution of "*C- ADME RPT 6 1 NA 44

alvimopan in male Fischer 344 rats after a single oral 10
mg/kg dose”
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METABOLISM 45
Evaluation of the in vitro induction of CYP mRNA DI01178 7 OR12098.N.0 | 45
expression in rat hepatocytes by alvimopan using 0.03
quantitative eee——————————————

——
Biotransformation of [“CJalvimopan in intact and bile PD- FR- 005- 4 NA 45
duct-cannulated rats” 0501(13TX02)
Biotransformation of [ “Clalvimopan in intact and bile PD- FR- 006- 4 NA 52
duct-cannulated dogs” 0501(13TX03)

. EXCRETION 56
Elimination of radioactivity in bile, urine and feces 7010-102 2 R002092 56
following intravenous or oral administration of {*C]
alvimopan to male rats”

Elimination of radioactivity in bile, urine, and feces 7010-119 2 3463-001 59

following intravenous or oral administration of ["*C]

alvimopan to bile duct-cannulated male rats

Elimination of radioactivity in bile, urine and feces 7010- 103 2 284-MH2 59

following intravenous or oral administration of -

[*“Clalvimopan to male dogs’

TOXICOLOGY 66

Acute 67

Mice 67

Oral TOXRPT7/ 1 284-MH2 67
M07293

Rat 67

Oral” TOXRPT6/ 1 284-MH2 67
R19693

Intravenous” TOXRPT5/ 1 284-MH2 67
R18893

Dog 67

Oral | D09392 [ 1 | 284-MH2 67

Subacute/Subchronic/Chronic 68

Mice 68

5-Day, oral” 808-020 3 R009340 68

13-Week, oral’ 808-002 3 A220201 72

Rat . 77

2-Week, intravenous 808-021 3 R009340 77

2-Week, intravenous with ADL 08-0011 -808-018 3 202002 83

1-Month, oral” R02893 and R02993 | 1 284-MH2 88

4-week, oral 808-012 3 01-0088 91

6-Month, oral R04393 1 284-MH2 97

Dog 101

1-Month, oral” TOXRPTY/ 1 284-MH2 101
D02793

1-Month, intravenous” TOXRPTS/ 1 284-MH2 104
D04992

4-Week, oral 808-011 3 01-0088 107

2-week, intravenous with ADL (08-001-01 808-019 3 202002 113

6-Month, oral” TOXRPT13/ 1 284-MH2 119
D02393

GENOTOXICITY . 124

Ames assay | 93031AMS3684 | 1 | 284-MI2 124




*: Studies reviewed either under original submission of eemsmes  dated October 11,
1993 or Amendments of IND 56, 553. The reviews of these studies are incorporated in

the appropriate sections of this review.

Studies Not Reviewed Within This Submission: The following study reports (from

page 6, 7, and 8 of sponsor’s pharmtoc.pdf) of analytical methods and validation were not

reviewed, as these are reports of method development and validation:
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Ames assay with ADL 08-0011 AASTTL.S03.BTL |9 203004 125
Chromosome aberrfltion assay in Chinese Hamster 15488-0-437 - 1 284-MH2 129
Ovary (CHO) cells _
Chromosome aberration assay using CHO cells with AASTTL.331.BTL |9 203004 130
ADL 08-0011
Mouse lymphoma assay’ 930421MLA3684 1 284-MH2 135
1| Mouse bone marrow micronucleus assay (oral)” 930331 MNT3684 1 284-MH2 136
REPRODUCTIVE TOXICITY 138
Rat 138
Combined Segment I and II (oral)” TOX RPT14 1 284-MH2 138
(R12693 and
R12793)
Segment I (intravenous) PD-FR-016-0701 1 284-MH2 145
(R10094, R0O994)
Segment III (intravenous) 4401-001 8 01-0088 156
"Rabbit 148
Segment II (intravenous) | 4401-002 | 8 | 01-0088 148
SPECIAL TOXICITY STUDY - 164
Primary eye irritation study in the rabbit 3130.117 10 284-MH2 164
Acute eye irritation study in the rabbit 808-013 3 R009340 165
Acute dermal toxicity/irritation study in the rabbit 3130.118 10 284-MH2 166
Acute dermal irritation study in the rabbit 808-014 3 R009340 167
Skin sensitization study (Buehler method) in the guinea | 808-015 3 R009340 168
pig
1.
2. \
3. -
4. Adolor Corporation, Malvern, PA
5.
6. N
7. GlaxoSmithKline, Welwyn, UK
8.
9. \\
10. Y
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Bioanalytical Methods

10
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Adolor Corporation ENTEREG™ (alvimopan) NDA 21-775
Description Paper Review | Electronic Archive Folder/File
Copy Volume
Number

PHARMACOLOGY

Brief Summary

In vitro and in vivo primary pharmacological studies were conducted to demonstrate the
specificity of alvimopan as a peripherally selective py opioid receptor antagonist. In
addition, pharmacology studies also included characterization of ADL 08-0011, a
pharmacologically active metabolite of alvimopan, as potent p opioid receptor antagonist.
Safety pharmacology studies examined the effects of alvimopan and ADL 08-0011 on the
central nervous system (CNS), cardiovascular, respiratory, renal and gastrointestinal
system.

Radioligand binding assays using cloned human (u, 8, and ), rat whole brain (n and 8),
and guinea pig cortex (k) opioid receptors demonstrated that alvimopan is a potent,
reversible, competitive and relatively selective p receptor antagonist. The Ki values for
cloned rat y, 8, and k receptors were 0.77, 4.4 and 40 nM, respectively. The Ki values
for cloned human p, 8, and « receptors were 0.44, 10 and 100 nM, respectively. In
multiple receptor screening assays / ™ ') assays showed that alvimopan is a
selective pu opioid receptor antagonist, as it did not bind to over 70 non-opioid receptors
or enzymes at concentrations of 1 or 10 uM.

12
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ADL 08-0011, the amide hydrolysis metabolite (R3) formed in animals and humans
following administration of alvimopan, was equipotent to alvimopan at the u opioid
receptor and was a more selective p receptor antagonist than alvimopan. The Ki values
for antagonism of [* H]diprenorphine binding at the cloned human y, 8, and « receptors
were 0.81, 110 and 290 nM, respectively. Therefore, it is likely that the u receptor
antagonism in vivo may be attributed to both the parent compound and the metabolite
(ADL 08-0011). Like alvimopan, the selectivity of ADL 08-0011 was also demonstrated
by the lack of binding to over 70 non-opioid receptors and enzymes at a concentration of
10 uM.

Functionally, alvimopan antagonized the agonist-induced stimulation of [*>S]GTPYS
binding to the p receptor, with an IC-50 value of 1.7 nM. Alvimopan was less potent in
inhibiting the decrease in cAMP levels produced by p agonist in Chinese Hamster Ovary
(CHO) celis, with an IC-50 of 24 nM. Alvimopan also antagonized morphine-induced
inhibition of electrically stimulated contractions in the guinea pig ileum in a dose-related
manner (ED-50 = 8 x 10° M). Alvimopan was less potént in antagonizing the
stimulation mediated by & or k agonists, with IC-50 values of 50 and 53 nM, respectively.
ADL 08-0011 was also a potent antagonist of the stimulation of [*>S]JGTPYS binding to
the p receptor produced by loperamide, with an IC-50 of 0.64 nM. Like alvimopan, ADL
08-0011 was less potent at inhibiting agonist-stimulated [>>S]GTPYS binding through the
6 and « receptors, with IC-50 values of 110 and 59 nM, respectively.

Alvimopan was shown to be a potent antagonist of the effects of opioids on
gastrointestinal transit in mice and rats when administered orally or intravenously.
Alvimopan dose-dependently reversed morphine-induced inhibition of charcoal meal
transit in the small intestine of mice (ED-50 = 1.1 mg/kg, p.o.). However, alvimopan did
not alter charcoal meal transit in mice, suggesting that it does not have its effect on its
own. Alvimopan also (0.001 to 100 mg/kg, i. v.) dose-dependently produced diarrhea
(ED-50 = 0.07 mg/kg) in morphine-dependent mice and dose-dependently antagonized
(ED-50 = 8.9 mg/kg) morphine-induced inhibition of acetic acid-induced writhing in
mice, indicating a “central/peripheral” ratio of 127. This data suggested that alvimopan
is more selective peripherally. Alvimopan (0.1-10 mg/kg p. 0.) also produced a dose-
related antagonism of loperamide (20 mg/ kg p.o.)-induced gastrointestinal transit (GIT)
using charcoal meal test. Following oral administration, alvimopan also antagonized
morphine- and loperamide-induced inhibition of castor oil-induced diarrhea. The A50
(50% antagonism) values were 0.011 and 0.02 mg/kg for antagonism of morphine-
induced inhibition of castor oil-induced diarrhea and for inhibition of loperamide-induced
inhibition of castor oil-induced diarrhea, respectively. Since opioids like morphine and
loperamide are considered to inhibit castor oil-induced diarrhea by inhibiting fluid
secretion into the intestinal lumen, these data appear to suggest that alvimopan probably
blocks the antisecretory component of opioid agonists in this model.

In safety pharmacology studies, alvimopan did not show any adverse effect on the
cardiovascular, renal, pulmonary, gastrointestinal (GI) and CNS (behavioral).
Alvimopan and ADL 08-0011 did not inhibit the cloned human cardiac potassium
channel (hERG) at concentrations up to approximately 46 and 35 uM, respectively.

13
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Neither alvimopan nor ADL 08-0011 produced any effect on action potential duration
(APD) in the dog Purkinje fiber assay at concentrations up to 100 puM. Alvimopan at
intravenous doses of 0.05, 0.2 and 2.5 mg/kg showed no effect on the ECG or QTc in
dogs.

Primary Pharmacodynamics

Drug Activity Related to Proposed Indication:

The Affinities and Selectivities of Alvimopan, e in the Synthesis of
Alvimopan, and Potential Impurities of Alvimopan for the Opioid Receptors as
~ Determined by Opioid Receptor Binding Assays

14
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Table 10.A: Comparison of the Affinity and Selectivity of ADL 8-2698 with Those of
the Centrally Acting Antagonist, Naloxone, and the Peripherally
Selective Antagonist, Methylnaltrexone.

K| aM
it S K ORL-1
ADL 8-2698 N 0.44 o 10 ' 99.6 i 470 _
(ADLOI026I6) (95%CI: 0.36-0.53) (95%CI: 7.2-15) (95%CL: 77-130) | (93%Cl: 1.5-140000)
n=17 n=11 n=11 n=2
30 870 101 e
Methylnaltrexone 0cas . % Inhibition at
(95%CI: 22-42) (95%CL: 360-1300) | (95%CI: 65-160) N
(ADLO201SLT) =21 n=14 =15 WuM(n=1)
33 33 8.1 i
Naloxone 0/ (1 o 0] 21.59 T 4013 0% Inhibition at
(ADL0201251) (95 A('Ill._:l.‘iS—4.4) (95 /01821 52) (95 /«gL.,:.S) 13) 10uM (n=1)

Table 10.B  Inhibition of [3H]Diprenorphine Binding to Cloned Human Opioid Receptors
and of [3H]Nociceptin Binding to the Cloned Human ORL.-1 Receptor by

.

n K; =43 nM (95% CIL 34-60, n=4) 1.4 nM (95% C1: 0.95-1.9, n=4) 0.8l M (95% CI. 0.64-1.0, n=§)

& K =390 nM (95% CI: 230-660, n=4) 89 nM (95% CI: 53-150, n=2) 110 0M (93% CI: 60-190, n=3)
K K;= 230 nM (95% CIL: 190-270,n=4) 27 aM (95% CI: 41-53, n=3) 290 nM (95% CI. 60-1400, n=3)
ORL-1 40% inhibition @ 10 pM 2300 nM (95% CI: 2000-2800, n=4) 253% inhibifion & 10 M

In Vitro Antagonism of Opioid Receptor-Mediated [*SIGTPyS Binding by Alvimopan,
Methylnaltrexone, and Naloxone

Opioid receptors are coupled to Gi/Go proteins to affect several different effectors,
including inhibition of adenylyl cyclase, enhancement of K* conductance, decrease in Ca*
conductance and activation of p42/p44 mitogen-activated protein (MAP) kinases. The
objective of this study was to characterize the ability of alvimopan, naloxone and
methylnaltrexone to prevent opioid agonist-mediated [>>S]GTPYS binding to G proteins.
The potencies of the antagonists were assessed by their ability to inhibit agonist-
stimulated [>>S]JGTPYS binding to membranes containing the cloned human p, 6, and x

15
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opioid receptors in CHO cells. Alvimopan, naloxone and methylnaltrexone were
competitive antagonists at all three (i1, 8, and «) opioid receptors. Alvimopan inhibited
agonist-stimulated [*>S]GTPYS binding mediated by the p opioid receptor with 5- to 118-
fold greater potency than naloxone and methylnaltrexone. Similarly, alvimopan was
more potent than naloxone and methylnaltrexone at inhibiting agonist-stimulated & opioid
receptor-mediated [*>S]GTPYS binding. Alvimopan inhibited agonist-stimulated
[**SIGTPYS binding mediated by the « opioid receptor with similar potency to naloxone,
but with greater potency than methylnaltrexone. The results are shown in the following
table (from Table 10.1.A from page 8 of the sponsor’s report: 14ph13.pdf).

Table 10.1.A: ADL 8-2698, methylnaltrexone and naloxone inhibition of agonist
stimulation of [**S]GTPyS binding mediated by the cloned human p, k, and &

opioid receptors. < »
‘ ICs0 (nM)
Compound u K o)
ADL 8-2698 1.7 53 50
(95% CIL: 1.2-2.4) (95% CI: 37-76) (95% CI. 24-100)
=25 n=13 n=10
Methylnaltrexone 200 1500 24000
(95% CI: 130-300) (95% CI: 810-2700) (95% CI: 17000-35000)
n=11 =8 n=6
Naloxone 8.1 45 380
(95% CI: 5.7-11) (95% CI: 28-71) (95% CI: 250-580)
n=20 n=8 n=8

Values shown in the above table 10.1.A are the means, 95% confidence intervals, and
number of determinations. The agonists were loperamide for the p receptor, U50,488H
for the « receptor and BW373U86 for the § receptor.

Alvimopan-Mediated Antagonism of Morphine-Induced Inhibition of Forskolin-
Stimulated cAMP Synthesis

In this study, Chinese Hamster Ovary (CHO) cells ! «mmsmm——

opioid receptor were preincubated for 15 min at 37°C with 500 uM
isobutylmethylxanthine (IBMX). Then antagonists (alvimopan, naloxone, naltrexone,
and methylnaltrexone), morphine (1 pM) and forskolin (25 uM) were added
simultaneously to reaction mixture. After incubation at 37°C for an additional 15 min,
the reaction was terminated by the addition of 0.1 ml of luciferase cell culture lysis
reagent. Concentrations of cAMP were determined in aliquots by using a s
radioimmunoassay (RIA). Alvimopan antagonized morphine-induced inhibition of
cAMP synthesis in a concentration-dependent manner, with an IC-50 of 24 nM. Similar
results were obtained with naloxone and naltrexone, all of which had potencies similar to

16
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that of alvimopan. Methylnaltrexone, on the other hand, was 25-fold less potent than
alvimopan and inhibited the morphine effect with an-IC-50 of 593 nM.

Antagonism of Opioid Receptor-Mediated [>°S]IGTPYS Binding by — emsese

e R )

m the Synthesis

of Alvimop} an

The primary objective of this study was to examine the functional activity of selected

wweewmosse  in the synthesis of alvimopan in p, «, and § opioid receptor-mediated
[35S]GTPyS binding. All weessssss were found to be most potent in inhibiting
agonist-stimulated [*>S]GTPYS binding mediated by the p opioid receptor and completely
inhibited agonist-stimulated {*>S]JGTPYS binding at all three opioid receptors. The rank
order of potencies for the wsssmsse . in inhibiting agonist-stimulated [>S]GTPYS
binding medlated by the p 0p101d receptor were alv1m0pan = GRS

I P O, L TR O A The results
are shown in the followmg table (Table 10 A from page 6 of the sponsor S report
14ph05.pdf).

Table 10.A: ADL 8-2698,  sowi . SRt o¢ inhibition
of agonist stimulation of [ﬁS]GTP"[S bmdmg med:ated by the cloned i, ¥, and
S-opioid receptors.

[Csp (nM)

Compound n K S
ADL 8-2698 1.7, n=25 33, n=13 50, n=10
(95% Cl:.1.2-2.4) (95% CI: 37-76) (95% CI: 24-100)
190, n=6 not determined not determined
(95% CI: 140-270)
40, n=4 270, n=6 not determined
| (95% CI: 34-47) | {95% CI: 195-390) '
0.64, n=4 59, n=4 110, n=4
B {95% CL. 0.3-1.3) | (95% CI: 27-130) (93% CI: 46-260)
LI, n=4 20, n=4 72, n=4
| romramenaeees o | (95% CL 0.46-2.5) | (95%.Cl: 10-38) (95% CI: 25-210)
1.2, n=3 20, n=4 48, n=4
oo, | (95% CL: 0.97-1.6) | (95% CI: 5.5-73) (95% CL 9.5-240)

ICsq values were determined as described in sections 7 and 9. Values shown are the means, 95%

confidence intervals. and number of determinations. 1Cy, values for.

receptors and

anmaed 2t the X and 8
Wesigw | at the 3 receptor wete not determined because their K, values i receptor

binding assays were greater than 500 oM. (see study report 14PH IS entided: *The Affinitics and

Selectivities of ADL 8:2698, "

;in‘the Synthesis of ADL 8-2698; and Potential Impurities of

ADL 8-2698 for the Opioid Receptors as Determined by Opioid Receptor Binding Assays™).
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Antagonism of Loperamide-Induced Inhibition of Gastrointestinal Transit (GIT) by
Alvimopan s

The objective of this study was to determine the potency of alvimopan to block the
loperamide-induced inhibition of GIT in mice using charcoal meal test. The efficacy and
potency of alvimopan were also compared to those of naloxone, a centrally acting
antagonist, and N-methylnaltrexone (MNTX), a peripherally active analog of naltrexone
with limited CNS access. Loperamide inhibited GIT in mice by 50-60 % after oral
administration of doses ranging from 3-20 mg/kg. Alvimopan (0.1-10 mg/kg p. 0.)
produced a dose-related antagonism of loperamide-induced inhibition of GIT. Maximal
antagonism (41%) was observed at 10 mg/kg when alvimopan was administered 6 hr
prior to treatment with loperamide. MNTX produced only 44% antagonism of
loperamide-induced inhibition of GIT at the highest tested dose of 300 mg/kg, p.o.
Naloxone (0.1-10 mg/kg s.c.) produced a dose-related antagonism of loperamide-induced
inhibition of GIT, with a 50% antagonism (A-50) at 0.65 mg/kg. Naloxone was found to
be completely effective (97% antagonism) at 10 mg/kg, s.c. Overall, alvimopan was not
fully effective in preventing loperamide-induced inhibition of GIT.

Effects of Alvimopan on Opioid-Induced Inhibition of Castor Oil-Induced Diarrhea in
Mice

The goal of this study was to determine the efficacy and potency of alvimopan to block
the constipation produced by two opioid agonists, morphine and loperamide, in mice.
The efficacy and potency of alvimopan were also compared to those of naloxone and
methylnaltrexone (MTNX). Following oral administration, alvimopan antagonized
morphine- and loperamide-induced inhibition of castor oil-induced diarrhea. The A50
(50% antagonism) values were 0.011 and 0.02 mg/kg for antagonism of morphine-
induced inhibition of castor oil-induced diarrhea and for inhibition of loperamide-induced
inhibition of castor oil-induced diarrhea, respectively. After oral treatment with 1 mg/kg
of alvimopan, antagonism of the morphine response was observed for at least 24 hour.

pears '“'\‘s Woy
On Original

18



Reviewer: Tamal K. Chakraborti, Ph.D. NDA No, 21-775

R Page 4

PHARMACOLOGY:

The sponsor provided primary pharmacological studies to assess
the specificity of 1LY246736 dihydrate as a u opioid antagonist
and as a peripherally versus a centrally (CNS) acting antagonist.
Secondary pharmacology studies investigated the effects of
LY246736 on neurotransmitter-induced activities, cardiovascular
parameters, and serum and urine parameters.

Primary Pharmacoloqy
1. In vitro studies:

The ability of Ly246736 dihydrate to displace *i-naloxone {1
ntagonist) and "H-DAGO (4§ agonist) in rat brain homogenates and
H-ethylketocyclazocine («x agonist) in guinea pig brain

homogenates was assessed. The K; of LY246736 dihygrate in

displacing H-naloxon§ was 0.77 nM, in displacing "H-DAGO was 4.4
nM and in displacing “H-ethylketocyclazocine was 40 nM. These
data suggest that LY246736 dihydrate is a moderately selective pu
opioid ligand in that the K;s indicate thagnﬁgagzgng;gyggafe

has 5-¢ timés more artinity for ji_Sites th es and about 50
times more affinity for i sites than « sites.

The ability of LY246736 dihydrate to antagonize morphine-induced
inhibition of electrically stimulated contractions in the guinea
pig ileum was also assessed. LY246736 dihydrate dose-dependently
antagonized morphine-induced effects in the qg}nea pig ileum.

The EDg, for morphiae was approximately 8 x 10 M. In the
presence of 1 x 10 M LY246736 dihygrate, the ED;; for morphine
was shifted to approximately 8 x 10 M. In the presence of 1 x
10~ M LY246736 dihydrate, the maximal effect of morphine was

reduced by about 50%. Thus, LY246736 dihydrate functions as a p
opioid antagonist.

2. In vivo studies:

LY246736_dose—dggendently (0, 0.3, 1.0 or 3.0 mg/kg by oral
gavage) (reversed morphine-induced inhibition” (0, 0.7, 1.0, or 3.0
mg/kg, s.C.)of charcoal meal transit in the small intestine in
mice. The oral EDg, for LY246736 dihydrate was 1.1 % 0.14 mg/kg
(mean + SE) and for naloxone was 2.1 % 0.16 mg/kg. LY246736
dihydrate (3 mg/kg, p.o.) was effective in reversing morphine-
induced inhibition (1 mg/kg, s.c.) of charcoal meal transit for
up to 8 hours, but not at 24 hours. Thus, LY246736 dihydrate
functions as an in vivo u opioid antagonist.

In other studies, the acetic acid-induced writhing test in mice
was used to assess any central effects of LY246736 dihydrate; on
the other hand, any LY246736 dihydrate-induced diarrhea in
morphine-dependent mice and rats was assessed to determine any
peripheral effects of LY246736 dihydrate. LY246736 dihydrate
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(0.001 to 100 mg/kq, i.v. ) dose—dependently produced dlarrhea in
morphine-dependent mice and dose-dependently antagonized
morph1ne~induced inhibition of acetic acid-induced writhing in
mice; the ED;, for producing diarrhea was 0.07 mg/kg, whereas the
ED;, for antagonizing morphine was 8. 9 mg/kg. Thus, a
"central/peripheral® ratio of 127 was evident. Furthermore,
LY246736 dihydrate (0.01 to 100 mg/kg, p.o.) dose-dependently
produced diarrhea in morphine-dependent mice (ED;, of 0.64 mg/kg)
and morphine-dependent rats (EDgy of 0.31 ma/kg).

The "central/peripheral"” ratios of the racemate (LY210274) of
LY246736 dihydrate were also assessed. LY210274 (0.00001 to 100
mg/kg, i.v.) dose-dependently produced diarrhea in morphine-
dependent mice and dose-dependently antagonized morphine-induced
inhibition of acetic acid-induced writhing; the EDy, for
producing diarrhea was 0.0017 mg/kg, whereas the EDy, for
antagonizing morphine was >40.0 mg/kg. This results in a
“central/peripheral™ ratio of >1,081. Furthermore, LY210274
(0.001 to 10 mg/kg, s.c.), dose—dependently produced diarrhea in
morphine~dependent mice, while the EDy, for orally administered
LY210274 to produce diarrhea within 30 minutes after
administration was 2.6 mg/kg in mice.
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Secondary Pharmacodynamics

| e—— Study for Alvimopan and ADL 08-0011

Alvimopan and its amide hydrolysis metabolite (ADL 08-0011) were evaluated across a
broad in vitro selectivity panel that included adrenergic, muscarinic and nicotinic
cholinergic, dopaminergic and serotonergic receptors, various ion channels and
peptidergic receptors and their subtypes. Both alvimopan and ADL 08-0011 failed to

demonstrate activity at over 70 non-opioid receptors and enzymes at a concentration up
to 10 p M.

Safety Pharmacology

The safety pharmacology studies have been reviewed (January 13, 1994) under original
submission of e T————————E——— The safety pharmacology reviews are
incorporated in the appropriate sections below. Some of the safety pharmacology studies

that were not reviewed previously are reviewed below.

Neurological Effects

The Acute Behavioral Profile of Alvimopan Following Oral Administration in CD-1
Mice

In a series of behavioral studies in mice, LY246736 dihydrate (O,
50, 100 and 200 mg/kg by gavage) did not have any effects on
overt behavior, motor activity, electroshock-induced convulsions,
pentylenetetrazol-induced convulsions, grip strength, or acetic
acid-induced writhing. However. LY246736 dihydrate did reduce
hexobarbital-induced sleep time (at a dose of 50 mg/kg.only) and
did decrease overall mean peak startle responses (at doses of 100
and 200 mg/kg). Moreover, LY246736 dihydrate (0, 50, 100 and 200
mg/kg by gavage) had no effect on gastrointestinal motility in
mice. The overall negative nature of these findings are
important because they suggest that LY246736 dihydrate possesses
little or no opioid agonistic effects and little or no non-
specific (non-opioid) effects, at the doses studied.

An Intravenous Neurobehavioral Study of ADL 08-0011 in Fischer Rats

i

This study was conducted to evaluate the potential behavioral neurotoxicity of ADL 08-
0011 (metabolite of alvimopan) in Fischer Rats following intravenous administration. In
this study, rats (n = 5/sex) received the vehicle or test article via intravenous bolus -
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injection into the tail vein daily for three consecutive days at 0, 1, 2, 4, and 8 mg/kg (4
ml/kg) doses. All animals were observed twice daily for morbidity, mortality and any
injury. In addition, clinical and functional observational battery (FOB) examinations and
body weights were recorded during the course of the study. ADL 08-0011 was well
tolerated when administered up to 8 mg/kg, i.v. for three days. Resuits of a FOB
performed at 1 and 24 hours post-dosing were not statistically different between controls
and treated animals. There were no treatment-related effects on FOB parameters.

Cardiovascular Effects

Effect of Alvimopan and ADL 08-0011 on Cloned hERG Channels Expressed in
Mammalian Cells

In this study, in vitro effects of alvimopan and its metabolite, ADL 08-0011, on ionic
currents was tested using voltage-clamped human embryonic kidney 293 (HEK-293)
cells that stably expressed the human ether-a-go-go-related gene (hERG). Terfenadine
was used as a concurrent positive control. Alvimopan and ADL 08-0011 were tested at
5, 15, and 50 uM concentrations. Alvimopan inhibited hERG current by 1.0% (n = 4),
0.7% (n=3), and 1.8% (n=3) at 5, 15, and 50 uM, respectively. ADL 08-0011 inhibited
hERG current by 0.4% (n = 3), 0.5% (n=4), and 0.5% (n=3) at 5, 15, and 50 uM,
respectively. The IC-50 for the inhibition of hERG current was not determined for either
compound since neither produced greater then 50% inhibition of hERG current. Under
identical experimental conditions, 60 nM terfenadine inhibited [76.5% (n = 2)] hERG
current as expected indicating the validity of the experiment.

Effect of Alvimopan and ADL 08-0011-0 on Action Potential Parameters in Dog Isolated
Purkinje Fibers

This study was conducted to examine the effects of alvimopan and ADL 08-0011-0 on
the dog isolated Purkinje fiber action potential. Purkinje fibers were perfused with
Tyrode’s solution for baseline control and 10, 50 and 100 uM concentrations of
alvimopan or ADL 08-0011-0. The following action potential parameters were
measured: resting membrane potential (RMP), maximum rate of depolarization of the
action potential upstroke (Vmax), overshoot (OS) action potential amplitude (APA) and
action potential duration at 30, 50 and 90% (APD3y, APDso and APDgg) repolarization.
Changes in these parameters were compared to the respective pretreatment group.
Alvimopan and ADL 08-0011-0 did not show any significant effects on RMP, Vmax, OS,
APA, APD, APD;o, APDsg and APDgy. However, dl-sotalol (50 M) used as a positive
control, significantly prolonged APDsy and APDy indicating the validity of the
experiment. Alvimopan or its metabolite ADL08-0011-0 did not prolong action potential
duration at any of the tested concentrations. '
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Cardiovascular Effects of Alvimopan Administered Orally to Conscious Male Sprague
Dawley Rats : T

Alvimopan was examined for potential cardiovascular effects in conscious male Sprague
Dawley rats (n = 4/group) at oral gavage doses of 50, 100, and 200 mg/kg (5 ml/kg).
Four control animals received 10% acacia suspension by gavage (5 ml/kg). Blood
pressure and heart rate were measured prior to dosing (time point 0) and at 10, 20, 30, 45,
60, 75, 90, 105, 120, 150, 180, 210, and 240 minutes postdose. Administration of 50,
100, or 200 mg/kg of alvimopan produced no biologically significant changes in any
parameters tested (mean arterial pressure, systolic pressure, diastolic pressure, pulse
pressure, or heart rate). Overall, alvimopan did not produce any biologically significant
cardiovascular effects at the tested doses.

Cardiovascular Effects of Alvimopan in Dogs

In this study, six Beagle dogs (n = 3/sex) were administéted a slow bolus intravenous
injection (over a two-minute period) of alvimopan at 2 mg/kg. Blood pressure, heart rate,
electrocardiogram (ECG) was recorded at 15, 30, 60, 120, and 240 minutes post dose.

" Blood samples were also collected immediately following recording of cardiovascular
parameters. None of the animals displayed any abnormal behavior during the monitoring
period of four hours. Alvimopan did not significantly alter blood pressure, heart rate and
electrocardiograms recorded at any of the five-time points when compared to the base
line values. Alvimopan showed no abnormal effects in the cardiovascular system of the
beagle dog when tested at 2 mg/kg, i.v. dose.

Cardiovascular (Hemodynamic) and QTc Prolongation Evaluation of Alvimopan in Dogs

This study was conducted to examine the potential effects of intravenous infusion of
alvimopan on blood pressure, heart rate and QT interval in anesthetized dogs. Four
Beagle dogs (n = 2/sex) received alvimopan at 0.05, 0.2 and 2.5 mg/kg, i.v. dose (bolus).
The following cardiovascular parameters were recorded: arterial blood pressure (systolic,
diastolic and mean), heart rate, and electrocardiogram (ECG). Alvimopan had no effect
on systolic, diastolic and mean arterial blood pressures or heart rate, ECG and QT at any
of the tested doses. Acute intravenous administration of alvimopan showed no effect on
systemic arterial blood pressure, average heart rate or QTc at any of the tested doses
under the conditions of the experiment.

Pulmonary Effects

Pulmonary Assessment of Alvimopan in the Anesthetized Guinea Pig

In this respiratory function study, sixteen (n = 4/group) male guinea pigs were equipped
with catheters in the esophagus to measure esophageal pressure, in the trachea to
facilitate spontaneous breathing and in the jugular vein for drug administration. Each
animal received an intravenous injection of vehicle (0.9% saline) or alvimopan at 0.054,
0.218 or 2.72 mg/kg (1 ml/kg). Changes in airway resistance (cm H,O/ml/sec), dynamic
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lung compliance (ml/cmH;0), respiratory rate (breaths/min), tidal volume (mi) and
minute volume (ml/min) were recorded every minute for the first 5 minutes and every 5
minutes thereafter for a total of 30 minutes following dose administration. The.
intravenous administration of alvimopan at 0.054, 0.218 or 2.72 mg/kg did not produce
any statistically significant or biologically relevant changes in airway resistance,
respiratory rate, tidal volume.

Renal Effects

Renal Pharmacology Study in Female Fisher 344 Rats Given a Single Gavage Dose of
Alvimopan

3. In vivo effects on serum and urine parameters:

LY246736 dihydrate was orally administered by gavage at doses of
0, 50, 100 and 200 mg/kg to rats, followed by a hydrating dose by
gavage of 25 ml/kg 0.9% Sodium Chloride Injection, USP. Urine
was collected for 5 hours for the determination of volume, pH,
sodium, potassium, chloride, creatinine, and osmolality. At the
end of the urine collection period, blood samples were obtained
for the determination of serum sodium, potassium, creatinine, and
osmolality. Creatinine clearance, osmolal clearance, and
fractional excretion of sodium were calculated. Urine chloride
was significantly higher (17% and 21%) in the 100 and 200 mg/kg
female groups; urine sodium was significantly higher ({29%) in the
200 mg/kg female group. Serum potassium was significantly lower
(4.4%) in the 200 mg/kg female group. Thus, the no effect oral
dose of LY246736 dihydrate on serum and urine parameters is 50
mg/kg, while the ED;, of oral LY246736 dihydrate for producing
diarrhea in morphine-dependent rats was 0.31 mg/kg. In this
case, therefore, the ratio of the no effect dose to the EDg,
pharmacological dose is approximately 160, suggesting a large
safety wmargin.

Gastrointestinal Effects

In Vitro Studies of Alvimopan in the Hartley Albino Guinea Pig [leum
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1. In vitro effects on guinea piqg ileum:

LY246736 dihydrate (1 x 10° M to 1 x 10° M) did not
significantly inhibit or enhance the resting tension of the
guinea pig ileum; however, at a concentration of 1 x 10° M,
LY246736 dihydrate did significantly increase the resting
tension. Thus, at relatively higher doses, LY246736 dihydrate
may have either opioid agomjstic or non:gpecific effects.

LY246736 dihydrate (1 x 100 M to 1 x 10~ M) did not
significantly inhibit field-stimulated guinea pig ileum

contractions. LY246736 dihydrate (1 x 10° M) did not- affect
either acetylcholine-induced or histamine-induced contractgpn of
the guinea pig ileum. However, LY246736 dihydrate (1 x 10~ M)
did inhibit angiotensin I-induced contraction of the guinea pig
ileum. Thus, at relatively higher doses, LY246736 dihydrate may
be an angiotensin I antagonist.

The Acute Effects of Alvimopan on Gastrointestinal Motility Following Oral
Administration in Male CD-1 Mice

The acute gastrointestinal effects of alvimopan were evaluated in male CD-1 mice (n =
10/group) using charcoal meal transit test. Alvimopan was administered orally by gavage
at single doses of 0, 50, 100, or 200 mg/kg. Groups of mice were treated 30 minutes
before administration of charcoal meal (10% charcoal powder suspended in 5% aqueous
acacia suspension). Twenty minutes following administration of the charcoal meal,
animals were sacrificed and the peritoneal cavity was exposed. The intestinal tract from
the pyloric sphincter to the cecum was excised. The distance (mm) the charcoal meal
traveled and the total length (mm) of the intestine was recorded. The distance traveled by
the charcoal meal was expressed as a percentage of the total length of the intestine.
Alvimopan did not alter charcoal meal transit, suggesting that it does not affect
gastrointestinal motility.

Pharmacodynamic Drug Interactions

No pharmacodynamic drug interaction study reports were included in this submission.

PHARMA COKINETICS/TOXICOKINETICS

Pharmacokinetic/toxicokinetic studies (absorption, distribution, metabolism and
excretion) have been reviewed under e IND 56, 553. These reviews are
incorporated in appropriate sections. New studies that were not reviewed previously
have been reviewed here. Toxicokinetic studies are reviewed under specific toxicology
study.
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2.6.4.1 Brief Summary

Alvimopan was poorly absorbed after oral administration. It is to be mentioned here that
in humans, the mean absolute bioavailability was 14 and 6% following administration of
a 12 mg solution, or two 6 mg capsules, respectively. The estimated half-life in rats and
dogs was approximately 2 and 0.2 hrs, respectively. The plasma half-life in humans after
an i.v. dose of 12 mg was 5.3 hr. Plasma protein binding of alvimopan was different
across species. Free fractions ranged from 20-30% for humans, 56% for rats, 67% for

“mice, and 72% for dogs. Distribution of total radioactivity in rats following single oral
doses of alvimopan, as evidenced by quantitative whole body autoradiography, was
generally limited to the gastrointestinal tract with little distribution to peripheral tissues.
Distribution to the brain was negligible after oral or intravenous doses to rats.
Alvimopan did not inhibit any major human cytochrome P450 (CYP450) isozymes in rat
hepatocytes up to 100 uM concentration. In intact or bile duct-cannulated rats and dogs,
alvimopan was primarily excreted through bile and feces following oral or intravenous
administration. In rats, approximately 70 and 30% of the administered dose was excreted
via the bile and urine, respectively, after an intravenous dose. In dogs, approximately 65
and 26% of the dose was excreted via the bile and urine, respectively, after an
intravenous dose. Inrats and dogs, most of the fecal radioactivity excreted after oral
doses (>89% for both species), was attributed to unabsorbed drug.

2.6.4.2 Methods of Analysis

Plasma Analysis of Alvimopan and ADL 08-0011 by LC/MS/MS:

Alvimopan and its primary metabolite ADL 08-0011 were quantified in the plasma using
a validated electrospray liquid chromatography/mass spectrometric (LC/MS/MS) method
with a lower limit of quantitation (LLQ) of 0.25 ng/ml for both alvimopan and ADL 08-
0011. In this method, aliquots of mouse plasma containing the internal standard ( *==»
«msmsme were applied to chromatography columns and the analytes were eluted with
methanol and dried under nitrogen. The dried residues were reconstituted in 0.1% acetic
acid and injected onto the LC/MS/MS system. The following table 4.2.2.A. (from page
11 of the sponsor’s report: pharmtox\pk\808-020pk.pdf) shows the assay range and limit
of quantitation.

TABLE 4.22A. ASSAY RANGE AND LIMIT OF QUANTITATION
Standard Curve Plasma alvimopan
Linear Range (ng/mL) 0.25 ag/ul. to 100 ng/mL
Lower Limit of Quantitation (ag/mL) 025 ng/mL
Standard Curve ‘ Plasma ADL 08-0011
Linear Range (ng/mL) . 0.25 ng/mL to 100 ag/mL
Lower Limit of Quantitation (ng/mL) 0.25 ng/mL
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In Vitro Plasma Protein Binding Studies using Centrifugal Filtration Technique

Protein binding of [*H]alvimopan/alvimopan in the plasma samples was determined at
five concentrations using the wcss———————  filter units.
Sample pH was adjusted to approximately 7.4 by CO,. Triplicate one ml aliquots of each
sample were placed in the filter units which were incubated for 15 minutes at 37°C within
the centrifuge. Samples were then centrifuged at approximately 1000 x g at 37°C for 30
minutes. Duplicate aliquots of the original sample and filtrate were obtained and assayed
for total radioactivity.

Whole Body Autoradiography

In this method, animals were treated with a single oral dose of radiolabeled alvimopan.
Appropriate amounts of radiolabeled and unlabeled alvimopan were dissolved in ethanol
and dried under nitrogen and dissolved in polyethylene glycol (PEG 600). Animals were
sacrificed at 1, 4, 8, or 24 hours postdose and then rapidly frozen in dry ice and hexane,
and processed for whole-body autoradiographic evaluation according to the method of
Ullberg (Ullberg S. Science Tool. The LKB Instrument Journal, Special Issue, 2-29,
1977). Sagittal whole-body sections (40 um) were exposed to X-ray film for 11 days.
Autoradiograms were evaluated visually.

2.6.4.3 Absorption

Determination of Portal and Systemic Plasma Concentrations of Radioactivity in Rats
Dosed 10 mg/kg '*C-Alvimopan (Study No. 042R92)

ABSORPTION, DISTRIBUTION, METABOLISM & EXCRETION (ADME):

1. Absorption:
Rats:

Rats (n=4 Pef group) were orally dosed by gavage thh 10 mg/kg
(20 uCi/kq) C-LY246736 (see Figure 1) suspended in an aqueous
10% acacia solution. At specified times (0.5, 1, 3, 5, 7, 16 and
24 hours), successive groups of rats were anesthetized with
Halothane and the abdominal cavity was opened to expose the
inferior vena cava and the portal vein. Blood was withdrawn
concomitantly from the inferior vena cava and the portal vein
with heparinized syringes. Scintillation counting was done in
triplicate. As indicated in Table 2 (these data were extracted
from the sponsor’s application, vol. 1.2, pg. 607), portal plasma
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L e Page 7
levels of '“C-LY246736 werg relatively low. Moreover, systemic
plasma concentrations of 'C~LY246736 were below the assay’s 0.01
9 eq./ml limit of detection. Thus, orally administered LY246736
dihydrate is not well absorbed from the gastrointestinal tract
and does not enter the hepatic system to any large degree.

Fiqure 1
The radiolabeled site of “c-Ly246736.

§
2
3

HC-LY 146736 (ACID) (* shows labeled site)
Table 2

Portal and systemic plasma concentrations (ug eq./ml) of “C-—
LY246736 at various times after oral administration (10 mg/kg) by
gavage in rats.

Portal plasma concenwrations Svsiemic plasma conczomations

Hour Mean SEM N

Hour Mean N

0.5 0.12 0.04 4 Q.s BQL 4
1 0.14 0.05 2 t BQL 4
3 on 0.92 4 3 BQL 4
5 0.06 0.0 E 5 BQL 4
7 0.06 0.01 4 7 BQL El
16 0.03 0.01 4 16 BQL 4
24 0.03 0.01 E 21 BQL 4

Determination of Plasma Concentrations of Alvimopan in Fischer 344 Rats Dosed with
200 mg/kg by Oral Gavage Daily for One Month (Study No. R02993)
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~In a second study, oral _LY246736 dihydrate (200 ng/kg) was
administered once daily by gavage to one group of 6 rats (3 M and

WS : Page 8

3 F) for 1 month. Blood samples were collected at 0725, 0.5, 1,2
and 4 hours after oral administration. Quantitative analysis of
LY246736 was done b 3 A data summary is shown in Table 3
for Day 0 and Day 29 (these data were extracted from the
sponsor ‘s application, vol. 2, pg. 654).

Table 3
Plasma levels (ng/ml} of LY246736 dlhydrate at various times

atter oral administration in rats on Day 0 and Day 29 in a
subacute study. Pharmacokinetic parameters (AUC, Cmax and Tmax)

are -also shown.

Doy 0
(ag/mils
ALC Cax  Tmax
Sex 025 Hr 0.5 He { Hr 2 tir 4 He  Sag-hemly (ag/mbr ({he)
MEAN M 29 19 05 38 62 234 205 1]
SE M 29 1 %] 9.3 06 0
N M 3 1
MEAN F 7.4 56 33 s PR 55 ns 20
s F X i3 as as )
N F 3 3
MEAN M.F 50 1 (1] T 26 In "e
SE  MF 24 13 pAs Ak} 17
N MsF [3 6
Duy 39
tag'ets
J X AUC ° Caax Tmax
Sex  0.23 Hie 0.5 fie 1 e 2 WHr 4t (agthe'mali vagimi] ter)
MEAN M 1.9 0.1 0s 13 172 NC xC NG
SE 31 8.2 0.3 s 23 93
N M 3 3 L
MEAN F Qo 28 [ Xi] L) 16 NC NC &C
SE ¥ e ] 23 L 1.0
ol F 3l 2
MEAN AGF 69 s 04 i 100 NC NG NC
SE  MsF 48 u 0.4 IR PR

N MsF & 3 ] € 6

Best Possible Copy

In general, plasma levels of orally administered LY246736
dihydrate were relatively low and did not increase over the 1
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D . Page 9

month of daily dosing

Plasma Concentrations of Alvimopan in Beagle Dogs Dose Intravenously with 0.05
mg/ke, 0.2 mg/ke or 2.0 mg/kg Alvimopan Daily for 1 Month (Study No. D04992)
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month of daily dosing

Page 9

Dogs:

I.v. LY246736 dihydrate (0.05, 0.2 or 2.0 mg/kg) was administered
once daily to three groups of 6 dogs each (3 M and 3 F dogs in
each group) for 1 month. Blood samples were collected at 5, 10,
20 and 40 minutes after i.v. administration. Quantitative
analysis of LY246736 was done by HPLC. Data are summarized in
Tables 4 (these data were extracted from the sponsor’s
application, vol. 2, pg. 628) and S {these data were extracted
from the sponsor’s application, vol. 2, pg. 629). oOn Day 0,
values for AUC and C_, were dose-related and were not
significantly different between males and females. Values for
T, _Were not dose-related; accurate estimates would require
collection of blood samples at times less than 5 minutes after
i.v administration. Similar half-lifes at each dose suggest
zero-order metabolism of LY246736 dihydrate. On Day 29, results
were generally similar to those found on Day 1.

Table 4 (Day 0}

Dose—relateicfﬁixracokinetic parameters of LY246736 dihydrate in

dogs after /ral administration on Day 0 in a subacute study.

ﬁ .
Treament AUC AUC Cmax Tmax  Half-Life

Sex Group _{ng-he/ah 0 Inf  (ng/ml _ (min) (min}

Treaument  Mean M 1.0 20069 21133 1150 so 1.2
Group0l . SE M ) 3234 FITT 199 0.0 0.7
0.05 mghg N M 1.0 30 30 3.0 30 3.0
Mean F 1.0 22750 23738 1317 50 108
SE F 1.0 519.2 $38.5 30.6 0.0 0.3
N F 1.0 3.0 30 3.0 .30 30

Mean M+F 1.0 21409 22436 1233 5.0 11.0
SE M+F 1.0 230.5 2841 16.7 0.0 0.4
N M+F 1.0 6.0 60 6.0 6.0 6.0

Treamment  Mean M 2.0 7966.8 835952 3783 S 105
Group02  SE M 1.0 4829 2524 319 0 0.2
02mgkg N M 2.0 5.0 3.0 30 - 30 3.0
Mean F 2.0 6620.7 68838 3380 5 9.7

SE F 20 632.6 6353.1 394 0.0 0.3

N F 20 3.0 3.0 3.0 30 3.0

Mean M+F 2.0 7303.8 I6N6 2317 5 10.1
SE M+F 2.0 2633 846 30.1 0.0 0.3

N M+F 2.0 6.0 6.0 6.0 6.0 6.0

Treatment  Mean M 3.0 §3578.3 350006 31504 5 10.0.
Group03  SE M 3.0 3671.6 38908 72 0.0 0.5
20mgkg N M 3.0 30 30 3.0 5.0 3.0
Mean F 3.0 67195.0 703060 3S881.1 5 9.4
SE F 3.0 147583 155036 8713 0.0 0.7

N F 3.0 30 3.0 3.0 3.0 3.0
Mean M+F 3.0 60385.7 631533 35058 5 9.7
SE M+F 3.0 75288 78515 4363 0.0 0.4

N M+F 30 6.0 6.0 6.0 6.0 6.0
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Table S (Day 29)

Dose~relate armacokinetic parameters of LY246736 dihydrate in
dogs after (oral administration on Day 29 in a subacute study..

TR
Treaoment AUC ALC = Cmax Tmax  Half-Life
Sex Group __ (ng-hr/mi) 10 Il (ng/mld _ €min) {min}
Treamment Mean M 17223 1865.7 97.1 b 125
Group 01 SE - M 884 794 5.0 0.0 1.8
005 mgkg N M 50 30 30 3.0 3.0
Mean F 1 2633.0 27521 1426 3 100
SE F 704.7 s 448 090 0.5
N F 30 3.0 30 3.0 3.0
Mean M+F 1 U776 23989 198 .5 3.1
SE M+F 3713 3756 226 0.0 1.0
N M+F 6.0 60 6.0 6.0 6.0
Treament Mean M T2 109341 112918 62456 s 9.9
Group02  SE M 2 1765.9 17504 1055 00 0.5
02mg/kg N M 2 3.0 30 3.0 30 30
Mean F 2 79643 83103 4187 5 10.0
SE F 2 3327 3422 61.0 0.0 0.5
N F 2 30 350 - 30 3o 30
Mean M+F 2 . . © 3 :
SE - M+F 2 . X 0.3
N- M+F 2 6.0 60 6.0 6.0 6.0.
Treatment  Mean M 3 65316.5 679527 3792 b 9.2
Group03  SE M 3 49832 51621 260.1 0.0 i3
20mg/kg N M 3 3.0 3.0 3.0 3.0 3.0
Mean F 3 753448 71588.3 4335.7 b 83
SE F 3 14573.3 148365 9109 0.0 0.1
N F 3 3.0 3.0 3.0 3.0 3.0
Mzan M+F 3 703303 727105 40674 5 8.7
SE M+F 3 72448, 7356.3 4455 0.0 0.7
N M<F 3 a0 6.9 £0 6.0 [ X\

In general, plasma levels
dihydrate were relatively
month of daily dosing.

of orally administered LY246736
low and did not increase over the 1
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Plasma Concentrations of Alvimopan in Beagle Dogs Dosed Orally with 10 mg/kg. 30
mg/kg, or 100 mg/kg Alvimopan Daily for 1 Month (Study No. D02793)

+In a second study, oral LY246936 dihydrate (0, 10, 30 or 100
mg/kg) was administered once daily in gelatine capsules to four
groups of 6 dogs each (3 M and 3 F dogs—iw €ach group) for 1
month.” Blood samplé3 were collected at 0.5, 1, 2, 4, 8, 12 and
24 hours after oral administration. ¢Quantitative analysis of
LY246736 was done by HPLC. On Day 0, values for AUC and C,,, were
dose-related; values were larger in females than in males. On
day 29, values for AUC and C_,, were dose-related; values were not
different between Day 0 and Day 29 (note the large SEs).
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Page 11
Table 6 (Day 0)

Dose-related pharmacokinetic parameters (AUC, ng-hr/ml; Cmax,

ng/ml) of LY246736 dihydrate in dogs after oral administration on
Day 0 in a subacute study.

Sex Dosc. AUC Cmax
Treatment Group 01  Mean M 10 mg/kg 2204 183
SE M 10 mg/kg 44.1 37
N M 10 mg/kg 3 3
Mean F 10 mg/kg 210.1 434
SE F 10 mg/kg 9.8 0.6
N F 10 mgheg 3 3 .
g
Mean M+F 10 mg/ke 2153 30.9 ]
SE M+F 10 mg/kg 46.4 149
N MF 10 mgre 6 6
Trearment Group 02 Mean M 30 mg/ke 599.1 413
. SE M 30 mgfkg 199 38
N M . 30 mg/kg 3 3
Man F 10 mgfks 1304.3 108.0
SE F 30 mg/kg 3148 9.2
N F 30 mg/ke 3 3
Mean M+F 30 mp/kg 9517 4.6
SE M+F 30 meskg 2116 13.6
N M+F 30 mg/kg 6 6
Trearment Group 03 Mean M 100 mgfkg 9205 2.1
: SE M 100 mgig 1730 1.1
N M 100 my/kg 3 3
Mean F 100 mg/kg 94 103.7
SE F 100 ma/kg 3309 18.0
N F 100 mgig 3 3
Mean M+F 100 mgfkg 349 929
SE M+F 100 mg/kg 238 10.6
N M+F 100 mg/kg 6 6
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Page 12
Table 7 (Day 29)

Dose-related pharmacokinetic parameters {(AUC, ng-hr/ml; Cmax,

ng/ml) of LY246736 dihydrate in dogs after oral administration on
Day 29 in a subacute study.

Sex Dose AUC _Cmax
0.7
Trearment Group 01 Mean M 10 mg/kg 2934, 3
? SE M 10 mp/kg §44 9.4
N M 10 mgskg 3 3
Mean F 10 mg/kg 258.3 233
SE F 10 mg/kg 514 11
A N F 10 mg/kg 3 3
Mean MsF l0mgky 2158 210
SE M+F 10 mg/ke 49 55
N M+F 10 mg/kg 6 6
Treatment Group 62 Mean M 30 mg/ke 669.6- 817
: SE M 30 mg/kg 1130 16.9 )
N M 30 mg/ke 3 1
Mean F 30 mg/kg 9§gg 1(3)%4
_— SE F . 30 mg/kg 12 -
N F 30 mg/ke 3 3
Mean M+F 30 mg/kg 8248 992‘.01
SE M+F 30 mg/kg 10t.3 )
N M+F 30 mp/kg 6 6
reabm ‘ 800
3 M M 100 mg/kg 7934
R et Group 0 Seén ;.\vl 100 mgikg 2316 53
N M 100 mg/ke 3 3
Mean F 100 mg/kg 23875 187.1
_— SE F 100 mg/kg 308.9 313
N F 100 mg/kg 3 3
Mean M+F 100 mg/kg 1590.4 1335
SE M+F 100 mgfkg 396.8 293
N M+F 100 mg/kg 6 6
Page 13

In general, the pharmacokinetic parameters that were studied
sgggest that plasma levels of orally administered LY246736
dihydrate were.rela

ively low and did increase over the 1
month of daily dosing. B ' °
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Blood Level Study in Fischer 344 Rats Given a Single Gavage Dose of Alvimopan
(Study No. R05693) o

Methods: The objective of this exploratory study was to determine the plasma
concentration of alvimopan after a single oral administration to Fischer rats at doses up to
400 mg/kg. In this study, three groups of 24 rats (n = 12/sex) were administered
alvimopan at a dose of 100, 200 or 400 mg/kg by oral gavage (5 ml/kg). Blood samples
were collected at 0.5, 1, 2 and 4 hours postdose.

Results: Peak plasma concentrations of alvimopan were reached within 1 hour after oral
administration of 200 or 400 mg/kg. The following table (from page 5 of the sponsor’s
report: pharmtox\pk\r05693.pdf) shows the mean plasma concentrations of alvimopan in
rats.

Table 1: Mean Plasma Concentration (ng/mL) of Alvimopan
After a Single Oral Administration to Fischer 344 Rat.

Time-Point 200 mg/kg 400 mgrkg

Postdosing Male Female Male Female
30 min 2.5 6.5 5.7 4.6 .
1 hr ’ 1.2 4.6 0 6.2
2hr 0 2.8 1.2 ND
4 hr ND 34 46 ND

ND: No peak(s) detected
Peaks less than the limit of quantitation were considered “0”.

Pharmacokinetic Study of Alvimopan in Fisher Rats (Study No. 808-005)
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1. Pharmacokinetic study with ADL8-2698 in the rat (Study No. 808-005)

Methods: In this study, male and female Fischer 344 rats (6/sex/group) were administered
single oral (gavage) doses of ADL8-2698 at 200, 500 and 1000 mg/kg (dose volume = [0
mi/kg). The dosing solutions of the test article were prepared as a suspension in a 10% (w/v)
suspension of Gum Acacia, NF in deionized water. Serial blood samples were obtained from
each animal at the following time points: male, 15 min and 1, 2, 4, 8, and 24 h postdose; female,
15 min and 1, 4, and 24 h postdose. Plasma samples were analyzed for ADL8-2698 using a
validated LC/MS/MS method.

Results: The mass spectral analysis did not reveal the presence of any metabolite related to
ADL8-2698 and only the parent compound was detected in the plasma and hence, no metabolite
concentrations were measured. Overall, the plasma concentrations of ADL8-2698 were found to
be low (<10 ng/ml) at all dose levels in both sexes following oral administration, indicating poor
absorption of ADL8-2698. However, plasma concentrations of > 10 ng/ml were also observed in
some female rats at 500 mg/kg (maximum concentration = 14.16 ng/ml) and in one male rat at
1000 mg/kg (maximum concenteation = 14.43 ng/ml). It is to be mentioned here that at 1000
mg/kg dose level, the drug was present (above limit of detection) in more sampling intervals
compared to lower doses, which indicated some absorption at high dose albeit poor. There was
no sex-related ditference in the plasma concentrations of ADL8-2698. The mean plasma
concentrations at 200, 500 and 1000 mg/kg were 1.32, 2.29 and 2.28 ng/ml, respectively.
Overall, the data suggested poor absorption of ADLS-2698 from the gastrointestinal tract. The
results of this study do not clearly demonstrate the saturation of absorption in the absence of
significant dose-related increase in the plasma level of the drug followed by a plateau phase.

Woy
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The following table (from page 9 of sponsor’s submission) shows the mean plasma
concentrations of ADL8-2698 in Fischer 344 rats.

Table 4. Statistical Analysis for Combined Plasma Concentrations of ADL 8-2698
Following Single Oral Administration of 200, 500 and 1000 mg/kg to Male and Female
Fischer 344 Rats.

Variable 200 mg/kg 500 mg/kg 1000 mg/kg |
Number of valucs 60 60 60 .
Minimum (ng/mL) B —j
Maximum (ng/mL) e

Mean (ng/mL) 1.318 2285 2279
Std. Deviation 1.091 2.783- 1.876

Std. Error 0.141 0359 0.242 )
Lower 95% Cl 1.036 1.566 1795 |
Upper 95% CI 1.600 3.003 2.764

Formulation and Toxicokinetic Study of Alvimopan in Fischer Rats (Study No. 808-007)
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F ischer rats (Stu(ly No 808-007)1

Methods: This study was conducted to determine the maximura feasible concentration that can
be delivered through a standard gavage tubing and to characterize the toxicokinetic profite of
ADI8-2698 and its metabolite (ADL.08-0011), following a single oral dose. In this study, male
and temale Fischer 344 rats (3/sex/group) were administered single oral (gavage) doses of
ADIL8-2698 at 500, 1000, 2000, and 4000 mg/ke (dose volume = 10 ml/kg). The dosing
solutions of the test article were prepared as a suspension in a-10% (w/v) suspension of Gum
Acacia, NF in deionized water. Formulations were prepared at 150, 200, 300, 400, and 500
mg/ml to determine the maximum feasible concentration. The formulations at 150, 200, and 400
{1 of 2 preparations) mg/ml were prepared using a tissue homogenizer; however, test material at
400 mg/ml was left in the grinding chamber of the homogenizer. Therefore, the formulations at
300, 400 (second preparation at this level), and 300 mg/ml concentrations were prepared using a
e 1155U€ homogenizer in order to overcome the difficulty (increase in viscosity during the
process duc 1o lack of vehicle (o rinse the equipment) in the preparation of formulation. Serial
blood samples were obtained from each animal at the following time points: male, 15 min and I,
2, 4, 8, and 24 h postdose; female, 15 min and 1, 4, and 24 h postdose. Plasma samples were
analyzed for ADL8-2698 using a validated LC/MS/MS method. It appears that the sampling
times are not adequate for a drug, which has a relativelv long half-life (10 to 18 h) in rats.

Results: The formulations at different concentrations were evaluated for ease or difficulty to
aspirate. All formulations were rated as easy to aspirate except 300 mg/ml, which was rated as
difficult. Based on these observations, the maximum feasible concentration was determined as
400 mg/ml (MFD = 4000 mg/kg, 10 mi/kg). There was no significant difference in the mean
Cmax or AUCo, values for the parent drug in malesand females. Mean Cmax values ranged
from 2.4 to 2.9 ng/ml for males and 1.8 to 3.2 ng/m! for females. Mean AUC .24y, values ranged
from 27.4 10 37.5 ng.h/ml for males and 25.9 to 44.0 ng.h/ml for females. There was no dose-
related increase in either parameter in males or females. In the previous study (Study No. 808-
003), in case of males, the exposure of ADL8-2698 increased linearly with increase in dose
(AUCq.245 values were calculated by the reviewer and found to be 18.74, 28.31. and 58.44
ng.h/ml at 200, 500, and 1000 mg/kg, respectively). In the females, there was dose-related
increase in exposure from 200 to 500 mgrkg: however, the exposure level tended to decrease
from 500 to 1000 mgkg (AUCp.24, values were 28.00, 47.29, and 38.77 ng.h/ml at 200, 500, and
1000 mg/ke, respectively), indicating an apparent saturation of absorption. Although, the
sponsor did not include doses lower than 500 mg/kg in this study; however, considering the
results of the previous pharmacokinetic study, it appears that there is an apparent saturation of
absorption of ADL8-2698 at 500 mg/kg, as the exposure did not increase from 500 to 4000
mg'kg.

The plasma concentrations of ADL08-0011 increased over the 24-h collection period (figure

shown below from Vol. [, page 14 of Appendix-Il of sponsor’s submission): however, there was
no significant difference in the plasina concentrations of the metabolite either across sex or
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different dose groups. In males, the AUCq.04 values for ADL8-0011 were calculated (by the
reviewer using trapezoidal rule) to be 279.07, 238.29, 225.40. and 230.79 ag.h/m] at 5300, 1000.
2000, and 4600 mgfkg, respectively, indicating no dose-refated increase in exposure to the
metabolite, which could be attributed to the saturation of absorption of the parent drug. In
females, the AUCq.245 values for ADL8-0011 were calculated (by the reviewer using trapezoidal
rule) to be 791.43, 596.46, 360.68, and 481.44 ng.h/ml at 500, 1000, 2000, and 4000 mg/kg,
respectively, indicating a somewhat dose-related decrease in exposure to the metabolite. It is to
be mentioned here that no data is available regarding the pharmacological activity of ADLS8-
0011.

The mean (+ SD) pharmacokinetic parameters of ADL8-2698 in male and female rats are shown
in the following table.

MALE:
Parameter Dose (mg/kg)
300 1000 2000 4000
AUCo.2an 363+78 375+ 79 37.3+98 27497
(ng.h/ml)
“Cmax (ng/ml) 28+ 1.0 29+1.2 2407 2.7+0.8
Tmax (h) 3.2 2.5 4.4 3.1
Tin (h) 12.4 9.2 10.2 6.0
FEMALE:
Parameter Dose (mg/kg)
3500 1000 2000 4000
AUCqa4n 42,1472 44.0 £ 12.9 259+ 3.0 348+75
(ng.h/ml)
Cmax (ng/ml) 26+06 3.220.7 1.8+0.1 26+1.0
Tmax (h) 1.1 2.3 1.4 1.9
Tin () 18.9 10.1 10.4 11.3

Overall, the lack of increase in systemic absorption of ADLE-2698 or ADL8-0011 between 500
and 4000 mg/kg indicated an apparent saturation of absorption of ADL8-2698 at 300 mg/kg.

Calculation of Alvimopan Pharmacokinetic Parameters Following Single Intravenous

Doses of 1, 5 or 10. mg/ kg to Fischer rats (Study No. 14TK010)

Methods: Alvimopan was administered as an intravenous bolus injection to 3 groups of
Fischer 344 rats (16/sex/group) at 1, 5 or 10 mg/kg. Blood samples were collected at
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predose and at 5 min, 15 min, 30 min, and 1,2,4,8and 24 hours postdose. Plasma
samples were assayed by HPLC/MS/MS method.

Results: The elimination of alvimopan after single intravenous doses was biphasic, with
a rapid distribution phase followed by a slower terminal elimination phase. Following
intravenous administration, alvimopan was rapidly excreted at all three doses with plasma
clearance values ranging from 2.85 to 5.42 L/hr/kg. Steady-state volume of distribution
estimates ranged from 0.74 to 1.92 L/kg. The pharmacokinetic parameters are shown in
the following table (from page 7 of the sponsor’s report: 14tk010.pdf).

Alvimopan Pharmacokinetic Parameters Following Single Intravenous Bolus
Injection to Male and Female Rats

Nominal Dose Co AUC CL . Vss 1
(mg/kg) Sex (ng/mL) (ngehr/mL) (L/hr/kg) 1 (Lkg) (hr)

i M 2087 316 2.85 1.11 2.0

F 1297 185 4.86 1.37 2.5

5 M 11519 1279 3.52 0.76 1.9

F 5486 831 542 1.92 1.8

10 M 19256 2198 4.10 0.74 1.8

F 8356 1694 5.32 1.42 1.5

Appears This w,
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2.6.4.4 Distribution

In Vitro Evaluation of Binding of [ H]AlVimopan to Mouse, Rat, Dog and Normal

Human Plasma Proteins (Study No. 0833XA43.001)

Methods: This study was conducted to examine the in vitro binding of [°H]alvimopan to
mouse, rat, dog and normal human plasma proteins. Protein binding was measured using
centrifugal filtration technique as described before. Protein binding of
[3H]alvimopan/alvimopan in these plasmas was assessed at the following nominal test
article concentrations; mouse: 0.5, 5, 50, 250 and 500 ng/ml; rat: 0.5, 1, 5, 10 and 50
ng/ml; dog: 0.5, 5, 50, 100 and 250 ng/ml; human: 0.5, 5, 10, 50 and 100 ng/ml. The test
article was prepared by adding a constant amount of [*H]alvimopan (28.0 Ci/mmol), and
varying amounts of unlabeled alvimopan to the plasma matrix to yield the desired
concentration level. Triplicate one ml aliquots of each preparation were placed in filters
and incubated for 15 minutes at 37°C within the centrifuge. Samples were then
centrifuged at approximately 1000 x g at 37°C for 30 minutes. Duplicate aliquots of each
filtrate and the original sample were assayed for total radioactivity.

Results: There were species differences in protein binding of [*H]alvimopan. The
highest degree of protein binding (approximately 70%) was observed in human plasma.
Moderate binding was observed in mouse plasma (30 to 36%) and rat plasma (42 to
52%). The lowest amount of binding (approximately 25 to 32%) was observed in dog
plasma. The mean free fraction (%) for each plasma species was as follows: mouse,
67%; rat, 56 %; dog, 72%; and human, 30%.

In Vitro Evaluation of Binding of [°’H]Alvimopan to Rat, Rabbit and Normal Human
Plasma Proteins (Study No. 0833XA43.003)

Methods: This study was conducted to examine the in vitro binding of ["H]alvimopan to
rat, rabbit and normal human plasma proteins. Protein binding was determined using
centrifugal filtration technique as mentioned before. Protein binding of [*H]alvimopan in
these plasmas was evaluated at the following test article concentrations; rat: 10, 50, 500,
5000 and 20,000 ng/ml; rabbit: 5, 50, 500, 5000 and 30,000 ng/ml; human: 50, 100, 250,
500 and 1000 ng/ml. A constant amount of [*H]alvimopan (specific activity = 39.5
Ci/mmol) and varying amounts of unlabeled alvimopan was added to the plasma matrix
to yield the desired concentration level. Triplicate one ml plasma aliquots were placed in
the filter unit and incubated for 15 minutes at 37°C. Samples were then centrifuged at
approximately 1000 x g at 37°C for 30 minutes. Duplicate aliquots of each filtrate and
the original sample were assayed for total radioactivity.

Results: The extent of binding varied across different species. The greatest degree of
binding, approximately 80%, was observed in human plasma. Binding to rabbit plasma
proteins was approximately 65 to 75%. The lowest degree of binding, approximately 42
to 45%, was observed in Fischer 344 rat plasma. The mean free fraction (%) for each
plasma species was: rat, 56%, rabbit, 29% and human, 20%.
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In Vitro Evaluation of Binding of ["HJADL 08-0011 to Mouse, Rat, Rabbit, Dog and
Normal Human Plasma Proteins (Study No. 0833XA43.004)

Methods: This study was performed to examine the extent of protein binding of
[’H]ADL 08-0011 (pharmacologically active amide hydrolysis metabolite of alvimopan)
in the mouse, rat, rabbit, dog and normal human plasma. Protein binding was measured
by ultrafiltration technique. Protein binding of [’H]ADL O8-0011/ADL 08-0011 in these
plasmas was evaluated at the following test article concentrations: mouse: 0.5, 5, 50, 250
and 500 ng/ml; rat: 0.5, 5, 50, 500 and 5000 ng/ml; rabbit: 0.5, 5, 50, 250 and 500 ng/ml;
dog: 0.5, 2.5, 25, 250 and 2500 ng/ml; and human: 0.5, 5, 10, 50, 100 and 1000 ng/ml.
Each plasma preparation was spiked with the same amount of PH]ADL 08-0011 (specific
activity = 16.0 Ci/mmol) and varying amounts of unlabeled ADL 08-0011. Triplicate
one ml plasma aliquots were placed in filter unit and incubated for 15 minutes at 37°C.
Samples were then centrifuged at approximately 1000 x g at 37°C for 30 minutes.
Duplicate aliquots of each filtrate and the original sample were assayed. Quantification
of the total amount of test article in plasma and free fraction in the ultrafiltrate was
determined by liquid scintillation counting of total [°H] radioactivity.

Results: The greatest degree of binding, approximately 95 to 96%, was observed in
human plasma. Binding to rabbit plasma proteins was also high (91 to 94%). However,
PH]ADL 08-0011 was not highly protein bound in mouse, rat and dog plasmas. The
lowest degree of binding was observed in mouse plasma (34 to 43%), followed by rat
plasma (47 to 55% ) and dog plasma (59 to 66%). The mean free fraction (%) for each
plasma species was: mouse, 62.1%; rat, 50.3%; dog, 39.2%, rabbit, 6.7%; human, 4.5%.

Red Blood Cell Partitioning Study with LC-MS/MS Analysis of Alvimopan in Human,
Dog, Rabbit, Rat, and Mouse (Study No. 57-0307)

Methods: The objective of this study was to determine the blood:plasma ratio and
degree of in vitro red blood cell (RBC) uptake of alvimopan in human, dog, rabbit, rat,
and mouse. In this study, alvimopan-spiked whole blood (50 and 500 ng/mL) samples
from multiple species (human, dog, rabbit, rat, and mouse) were incubated in a 37°C
water bath for 30 minutes (alvimopan uptake reached equilibrium within 0.5 hours, which
was established in a previous pilot study). At the end of incubation, an aliquot was taken
from each sample and centrifuged to yield plasma, while the remaining whole blood was
completely hemolyzed by repeated freezing and thawing. Alvimopan concentrations in
plasma samples were quantitated using a validated LC-MS/MS assay.

Results: The distribution of alvimopan into RBC appeared to be concentration-
independent. There was an apparent species difference in distribution of alvimopan in
RBCs. The greatest distribution was observed in mouse RBCs (blood:plasma ratio 1.45
and 1.61 for 50 and 500 ng/ml, respectively), and the least distribution was observed in
human (blood:plasma ratio 0.68 and 0.67 for 50 and 500 ng/mL, respectively). The
blood:plasma ratios in rabbit were 0.90 and 0.99 for 50 and 500 ng/mL, respectively.
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In Vitro Evaluation of the Distribution of ["HJADL 08-0011 in Normal Mouse, Rat,
Rabbit, Dog and Human Whole Blood (Study No. 0834XA43.002)

Methods: This study was conducted to examine the in vitro partitioning of [’H]JADL 08-
0011 (a major pharmacologically active metabolite of alvimopan) to mouse, rat, rabbit,
dog and human blood cells and to determine the blood to plasma ratios. In this study,
whole blood sample was spiked with the same amount of [*H]ADL 08-0011 (specific
activity = 16.0 Ci/fmmol) and varying amounts of unlabeled ADL 08-0011. Triplicate
aliquots of each concentration level of test article in whole blood were incubated at 37°C
for specified time. Following incubation, the samples were centrifuged for 5 minutes at
approximately 10,000 x g and samples were assayed for total radioactivity using liquid
scintillation counter. An aliquot of the whole blood preparation after incubation was also
assayed for total radioactivity.

Results: The extent of blood cell association was greatest in mouse (Kp = 3.77 to 2.57,
Kp = partition co-efficient), followed by rat (Kp = 0.75 to 1.78) and dog (Kp = 0.99 to
0.76) and was least in rabbit (Kp < 0.07) and human (Kp = 0.10 to 0.30). Overall, blood
cell association in different species appeared to be concentration independent up to 500
ng/ml. The following table (from page 7 of the sponsor’s report:

pharmtox\pk\0834X A43002.pdf) summarizes the blood cell association of ADL 08-0011
in different species. '

Results of the concentration dependency assessments are summarized below:

Species Sex | Concentration Range | K, Range l;i‘:t’il];':‘g“:

T I ol i I
Fischer 344 Rat Male 055%)0%0'? ;ﬂnﬂ: 0.751t.(; g.96; 0.89;3 2.98;
NZW Rabbit Female | 0 5‘8332/‘:5’“" é‘gﬁl 0-57;:2:)-58
BeagleDog | Male 052‘;’0%5“3&'/‘%"‘“ 0861009; | 094 L00;
Normal Human Male 0.5 10 1000 ng/ml 0.10t0 030 0.60 to 0.69

K, — partition cocfficient; (ADL 08-0011 concn in blood céll fraction/ADL 08-0011 concn in plasma)
NR - not reported due to calculation artifact yielding values < 0

Whole-Body Autoradiographic Disposition of "*C-Alvimopan in Male Fischer 344 Rats
After a Single Oral 10 mg/kg Dose (Study No. ADME RPT 6)
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2. Distribution:

Four rats received an oral 10 mg/kg dose by'gavage of "c-
LY246736 dihydrate (see Figure 1) in PEG 600, A single animal
was.euthanized with isoflurane at 1, 4, 8 or 24 hours after
dosing. Animals were then rapidly frozen in dry ice and hexane,
and processed for whole-body autoradiographic evaluation. At 1
pour postdose, highest concentrations of radiocactivity appeared
in the mucosal layer of the stomach and small intestine. Lower
?oncentrations were seen in the esophagus, and stomach and
1ntest§nal contents. At 4 hours postdose, highest concentrations
of radioactivity were found in the small intestine, and the
contents of the stomach, intestine, cecum and feces. At 8 hours
postdose, high levels of radioactivity were seen in intestinal
and cecum contents and feces. At 24 hours postdose, cecum and
feces contained moderate to high levels of radioactivity.

In summary, the localized and high radioactiviﬁy in the
g?stroxntestlnal tract and feces suggest that C-LY246736
d;hydrate was not well absorbed.

~

2.6.4.5 Metabolism

Evaluation of the In Vitro Induction of CYP mRNA Expression in Rat Hepatocytes by
SB-767905-KW (Alvimopan) USiIl,Qr ' m

W ) (Study No. DIO1178)

Methods: The objective of the study was to establish the potential for alvimopan (SB-
767905-KW) to induce cytochrome P450 (CYP) mRNA genes in cultured male rat
hepatocytes using s s S eamernewweee |0 this
study, rat hepatocytes were incubated with alvimopan for 24, 48 or 72 hr at
concentrations of 0, 1, 3, 10, 30 and 100 uM. Total RNA was isolated, quantified and
subsequently synthesized into cDNA templates using wsssess The specific gene
expression was quantitatively detected for the following genes: CYP 1Al 1A2, 2B1, 2B2,
3A2, 3A9, 3A18, 3A23, 2E1, 4A1 and the housekeeping genes GAPDH and f-actin
using s

Results: There was no evidence of significant induction of CYP450 mRNA levels in rat
hepatocytes following 24, 48 or 72 h incubation with alvimopan. The results indicated
that alvimopan has poor potential to cause induction of CYP450 enzymes.

Biotransformation of ['*C] Alvimopan in Intact and Bile Duct-Cannulated Rats (Study

No. 13TX02)
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Biotransformation of [*CJADL 8-2698 in Intact and Bile-duct Cannulated Rats (Study
13TX02) C

Method: This study was previously submitted under Amendment # 035 dated December 21,
2000 and has been reviewed (pharmacology review dated February 27, 2001). In this
submission, the sponsor presented the data regarding the metabolites of ADL 8-2698 found in the
bile, urine and feces. In this study, rats were treated with a single 200 mg/kg oral or 20 mg/kg
i.v. dose of ['*C]ADL 8-2698 (71.0 pCi/mg). Urine, feces and bile samples were collected at
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selected intervals and were analyzed to determine the metabolite profile of ['*C} ADL8-2698
using mass spectrometry (LC/MS/MS) and metabolites were identified in order of HPLC
retention time. The following metabolites were characterized:

R1: Sulfate conjugate of ADL 8-2698

R2: Monc-oxygenated metabolite of ADL. 8-2698

R3: Amide hydrolysis metabolite of ADI. 8-2698

R4: Glucoronide metabolite of ADL 8-2698

RS: Sulfate of the amide hydrolysis metabolite

R6: A second glucoronide conjugate of ADL 8-2698

R7: Glucoronide of the amide hydrolysis metabolite of ADL 8-2698

Results:

Rat Urine: Following oral administration of [*C] ADL8-2698+in intact or bile duct-cannulated
(BDC) rats, the metabolite profile was not analyzed, as the total percent radioactivity excreted
through urine was too low (< 1% of total radioactivity). However, after i.v. administration,
approximately 20 to 23% of the radioactivity was recovered in the urine in intact and BDC
animals. Unchanged ADL 8-2698 accounted for approximately 95% of the radioactivity and a
minor amount (0.3 to 0,5% of administered dose) of sulfate conjugate (R1) was present in both
intact and BDC rats. The urine from intact animals also contained small amount of mono-
oxygenated metabolite (R2. 0.2% of the administered dose) and the amide hydrolysis metabolite
(R3, ADL 08-0011, 1.0% of the administered dose). Overall, the metabolite profile in the urine
of intact and BDC animals are comparable.

Rat Bile: Small amount of radioactivity (approximately 0.4% of the administered dose) was
recovered in the bile after oral administration. The majority of the metabolite was found to be
sulfate conjugate (R1, 0.3%). The other two minor metabolites detected were R6 (glucoronide
conjugate of parent compound, <0.1%) and R7 (glucoronide of amide hydrolysis, <0.1%}) in
addition to parent compound (0.1%). After i.v. adminisiration, approximately 79% of the
radioactivity was recovered in the bile of BDC animals. Of the radioactivity recovered in the
bile, the sulfate conjugate accounted for approximately 80% of the radioactivity (64.8% of the
administered dose). The remaining radioactivity was characterized as mostly unchanged parent
compound (13.2%) and small amount of glucoronide conjugate of ADL 8-2698 (R4, 0.3%) and
the sulfate conjugate of amide hydrolysis product (R3, 0.7%). .

Rat Feces: Following oral administration. the majority of the radioactivity was eliminated in the
feces of both intact (89%) and BDC rats (88%), which was characterized mostly as unchanged
ADL 8-2698. Only small amount of amide hydrolysis metabolite (R3, 1.6 to 4.0%) and a mono-
oxidative metabolite (R2, 0.4 to 0.8%) were also detected. Following i.v. administration, small
percentage (0.9% of the administered dose) of radivactivity was found in the BDC rats and about
74% of the administered radioactivity was found in the intact animals. The majority of the
recovered radioactivity in the feces of intact animals was mostly unchanged parent compound
(66%) and the remaining were characterized as R3 (7.3%) and R1 (1.3%).
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Qverall, no significant difference in metabolite profile was observed between BDC and intact
animals following oral administration. The major metabolic pathway was characterized as
unchanged ADL 8-2698 with minor mono-oxidative and conjugated pathways (suifate and
elucoronide). Similarly, the metabolite profile was comparable in BDC and intact animals
following i.v. administration. The major metabolic pathways were unchanged ADL 8-2698 and
its corresponding sulfate conjugate (R1). Minor biotransformation pathways included mono-
oxidation, glucoronidation. and amide hydrolysis with subsequent sulfate conjugation. However,
higher amounts of radioactivity was recovered in the bile of rats treated intravenously (79%) as
compared to rats treated orally (0.4%). The following table summarizes the quantification of
[MC] ADL 8-2698 and its metabolites after oral and intravenous administration (from page 6 of
sponsor’s submission) in rais.
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Table 2.7a Summary of Quantification of Metabolites of ['“C] ADL 8-2698 in BDC
Rats Following Intravenous (1V) Administration (20 mg/kg)

BDCIV | BDCIV | BDCIV
. . Rat bile Rat urine | Rat feces
Metabolite Structure Mean Mean Mean
Nusmber Assignment % of dose | % of dose | % of dose
R4 glucuronide 0.3 ! ND ND
R1 sulfate of parent 64.8 0.3 ND
sulfate of amide
RS _hydrolysis 0.7 ND \ ND
___ Darent . 132 21.8 0.7
r3 amide hydrolysis ND | ND 0.2

Table 2.7b Summary of Quantification of Metabolites of ['*C] ADL 8-2698 in BDC
Rats Following Oral Administration (200 mg/kg).

BDC Orsal { BDC Oral

| ' Ratbilc | Rat feces |
Metabolite Structure Mean Mean
Number Assignment % of dosc | % of dose
*slucurcnide of )
R7 amide hydrolysis |  <0.1 ND
R sulfatc of parcat 03 ND
_R mono-oxygenation ND 08
R6 *glucuronide - <0.1 __ND
Parent 0.1 88.1
R amide hydrolysis | ND 1.6

ND =not dctected
See Appendix 1 for the number of subjects used to determine the mean percent of
dose value for each metabolite.
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Table 2.7¢c Summary of Quantification of Metabolites of ['*C] ADL 8-2698 in

Intact Rats Following Intravenous and Oral Administration

(20 or 200 mg/kg).
Intact IV | Intact TV [ntact Oral
. Rat urine | Rat feces | Rat feces
[Metabolite Structure Mean Mean Mean
[Number Assignment % af dose | % of dose | % of dese
Ri sulfate of parent 0.3 1.3 ND
R2 mono-oxygenation 0.2 ND 0.4
Parent 18.7 66.1 802 |
R3 amide hydrolysis 1.0 2.3 4.0

ND = not detected

See Appendix 1 for the number of subjects used to determine the mean percent of
dose value for each metabolite. '

The proposed biotransformation pathways of [14C] ADL 8-2698 in rats are shown in the
following diagram (from page 16 of sponsor’s submission).
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5.4 Proposed Biotransformation Pathways of ['“C] ADL 8-2698 in Rats
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Biotransformation of [14C]Alvifnopan in Intact and Bile Duct-Cannulated Dogs (Study
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Biotransformation of |“CjADL 8-2698 in Intact and Bile Duct-Cannulated Dogs (Study
13TX03) , :

Method: This study was previously submitted under Amendment # 033 dated December 21,
2000 and has been reviewed before (pharmacology review dated February 27, 2001). In this
submission, the sponsor presented the metabolite profiles of ADL 8-2698 in the bile, urine and
feces. In this study, male beagle dogs were treated with a single 100 mg/kg oral or 2 mg/kg i.v.
dose of [*'CJADL 8-2698 (71.0 uCi/mg). Urine, feces and bile samples were collected at
selected intervals and were analyzed to determine the metabolite profile of [ HC) ADLS-2698
using mass spectrometry (LC/MSAMS) and metabolites were identified in order of HPLC

retention time. The following metabolites were characterized: s

D1: Sulfate conjugate of ADL. 8-2698

D4: Glucoronide metabolite of ADL 8-2698

D8a & b: mono-oxygenated metabolites of ADL §-2698
D9: An oxidative metabolite of ADL 8-2698

D 10: An oxidative metabolite of ADL 8-2698

Results;

Dog Urine: Following oral administration of [*C] ADL8-2698 in intact dogs. the metabolite
profile was not analyzed. as the total percent radioactivity excreted through urine was (oo losw,
However, about 2% of the radioactivity was found in the urine of BDC animals. After i.v.
administration. approximately 22 to 23% of the radivactivity was recovered in the urine in intact
and BDC animals. Unchanged ADL 8-2698 accounted for approximately 95% of the
radivactivity (19.3 to 22.3% of administered dose) and a minor amount of sulfate (D1, 2 to 3%)
and glucoronide (0.6 to 1%6) conjugate were also present in both intact and BDC animals.
Overall, the metabolite profile in the urine of intact and BDC animals are comparable.

Dog Bile: Small amount of radioactivity (approximately 3% of the administered dose) was
recovered in the bile after oral administration. There were comparable amounts parent
compound (1.7%), D1 (1.4%) and D4 (1.4%). After i.v. administration. approximately 65% of
the radioactivity was recovered in the bile of BDC animals. Of the radioactivity recovered in the
bile, there were comparable amounts of unchanged ADL 8-2698 (28.1%), the sulfate conjugate
(D1. 12.7%) and the glucoronide conjugate (D4, 20.1%). In addition, there were two closely
related mono-oxygenated metabolites (D8a & b) were also detected (0.9%).

Dog Feces: Following oral administration, the majority of the radioactivity was eliminated in the
feces of both intact and BDC dogs (>90%), which was characterized mostly as unchanged ADL
8-2698. A small amount of oxidative (D9, 2.7%) metabolite was also detected in the feces. A
very minor amount of D3 (amide hydrolysis metabolite) was detected by mass spectra; however,
it was not quantifiable by radiochemical analysis. Following i.v. administration, the majority of
radioactivity was eliminated through feces in BDC (2% of the recovered radioactivity) and intact
animals (67% of the recovered radioactivity). The majority of the recovered radioactivity in the
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feces of intact animals was mostly unchanged parent compound (35.6%) and the remaining were
characterized as D1 (6.6%) and D10 (4.5%).

Overall, no significant difference in metabolite profile was observed between BDC and intact
dogs following oral administration. The major metabolic pathway was characterized as
unchanged ADL 8-2698 with minor mono-oxidative and conjugated pathways (sulfatc and
glucoronide). Similarly, the metabolite profile was comparable in BDC and intact animals
following i.v. administration. The major metabolic pathways were unchanged ADL 8-2698 and
its corresponding minor sulfate or glucoronide and mono- or di-oxidative metabolites. However,
like rats, higher amount of radioaclivity was recovered in the bile of dogs treated intravenously
(65%) as compared to dogs treated orally (5%). The following table summarizes the
quantification of ["*C} ADL 8-2698 and its metabolites after oral and intravenous administration
(from page 6 of study 13TX03 of sponsor’s submission) in dogs.
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Table 2,7a Summary of Qixantiﬁcation of Metabolites of ['*C] ADL 8-2698 in BDC
Dogs Following Intravenous (IV) Administration (2 mg/kg)

BDC IV BDC IV BDC IV
Dog bile Dog urine Dog feces
Metabolite| Structure Mean Mean Mean

Number Assignment % of dose | Y ofdose | % of dose
D4 glucuronide 20.1 1.2 ND
D8a & b | mono-oxygenation 0.9 ND ND
D1 sulfate of parent 127 2.5 ND
Parent 28.1 203 1.1
D3 'amide hydrolysis ND ND ND

Table 2.7b Summary of Quantification of Metabolites of ["C] ADL 8-2698 in BDC

Dogs Following Oral Administration (100 mg/kg)

BDC Oral | BDCOral | BDC Oral
Dog bile | Dogurine | Dog feces
Metabolite; Structure Mean Mean Mean
Number Assignment % of dose | % of dose | % of dose
D4 glucuronide 1.4 0.3 ND
Di sulfate of parent 14 0.6 ND
D9 Mono-Oxygenated ND ND 2.7
Parent 1.7 1.0 91.9
‘amide hydrolysis ND ND ND

Table 2.7¢ Summary of Quantification of Metabolites of ['“C] ADL 8-2698 in Intact
Dogs Following Intravenous (IV) & Oral Administration (2 or 100 mg/kg)

intact IV intact IV | intact Oral
Dog urine | Dog feces Dog feces
Metabolite Structure Mean Mean Mean
Number Assignment 9% of dose | Y% of dese | %o of dose
D4 glucuronide 1.7 ND ND
D1 sulfate of parent 20 6.6 ND
+30 oxidative
D10 metabolite ND 4.5 ND
. Parent 17.2 55.6 91.2
lamide hydrolysis ND ND ND

ND = not detected

See Appendix 1 for the number of subjects used to determine the mean percent of

dose value for each metabolite.
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The proposed biotransformation pathways of ADL 8-2698 in dogs are shown in the following
diagram (from page 13 of study 13TX03 of sponsor’s submission).

5.4 Proposecd Biotransformation Pathways of {'*C) ADL 8-2698 in Dogs
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2.6.4.6 Excretion

Elimination of Radioactivity in Bile, Urine and Feces Following Intravenous or Oral
Administration of | 14CI Alvimopan to male rats (Study No. 7010-102)

Admmlstratwn of WC-ADL 8-2698 to Male Rats — 70|()-l()2)

Methods: Thl§ study was conducted to assess the extent of absorption, distribution, and
elimination of *C-ADL 8-2698 administered to rats by intravenous or oral route. Forty male rats
(intact and bile duct-cannulated) were assigned to 7 groups and were treated with a single 200
mgkg oral or 20 mgike i.v. dose of ¥C-ADL 8-2698 (71.0 nCifmg or 32.7 mCi/mmol). The oral
dose was formulated as a suspension in 10% gum arabic at a concentration of 40 mg/ml.
Radiolabeled (12.70 mg) "“*C-ADL 8-2698 and non-radiolabeled ADL. 8-2698 (1787.6 mg) were
mixed with 45 ml of vehicle to prepare the suspension. The intravenous dose was prepared as a
solution in sterile water (pH = 10.5 adjusted with 1 N NaOH) at a concentration of 2 mg/ml.
Radiolabeled (8.5 mg) and non-radiolabeled (111.7 mg) ADL 8-2698 were mixed with 60 ml of
vehicle to prepare the solution. The study design is shown below:
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Group* Numbher of Route Dose (mg/kg) | Dose Volume | Radioactive ] Collections

Males (ml/kg) dose

(unCi/animal)

1 4 . ] Oral 200 5 20 Uring and feces
2 4 v 20 10 20 ) Uring and feces
3 4 BDC Qral 200 3 20 Bile. urine, and feces
4 4 8DC v 20 10 20 Bile, uring, and feces
5 8 Oral 200 3 20 Carcass
[ 8 v 20 {0 20 Carcass
7 3 Oral 200 3 20 (Carcass

BDC: Bile duct-cannulated.

IV: Intravenous.
*: Animals in Groups 1 through 6 were Fischer 344 rais and animals in Group 7 were Long-
Evans rats. ‘

Bile. urine. and feces samples were collected at selected intervals (urine: 0-4, 4-8. 8-24, 24-48,
and 48-72 hours posidose; feces: 0-24, 24-48, and 48-72 hours postdose; bile: 0-2. 2-4, 4-8. 8-24.
24-48_ and 48-72 hours postdose) through 72 hours post-treatment {rom animals in Groups |
through 4. Two animals per time point in groups 3 and 7 were sacrificed at 1, 4, 8, and 24 hours
postdose and prepared for whole-body autoradiography (WBA), Two animals per time point in
Group 6 were sacrificed at 5 and 30 minutes, and 2 and 8 hours postdose and prepared for whole-
body autoradiography (WBA). Blood samples were collected from animals in Group 5 and 6
prior to sacrifice and centrifuged to obtain plasma. All samples were analyzed for radioactivity
using tiguid scintillation counter (LSC).

Results: Following i.v. administration, maximum concentration of radiocactivity in plasma was
obtained at 3 min after treatment, with an average value of 37.4 ng/e. Concentration declined
over time steadily to 0.0265 pg/g by 8 hours postdose. Following oral dose, maximum plasma
concentrations (0.143 pg/g) in plasra were obtained at 1 hour postdose and declined rapidly to
below the limit of quantitation at 8 hours postdose. which suggested minimal absorption of *C-
ADL 8-2698 following oral administration. The main route of excretion of HC-ADL 8-2698
following i.v. dose was via feces in intact rats (73.4%). Most of the radioactivity was recavered
(67.3%) in the bile in bile duct-cannulated rats following i.v. dose. The main route of excretion
of *C-ADL 8-2698 following aral dose 1o both intact and bile duct-cannulated rats was via feces
(92.3 and 95.4%, respectively). Tissue distribution of radioactivity afier oral dose indicated little
to no absorption. Nearly the entire radioactivity was confined in the gastrointestinal tract and
contents at all time points. Low level of radicactivity was detected in the skin following oral
administration. Tissue distribution of radioactivity after intravenous dose was rapid and
widespread and maximum conceatration was reached at 3 min after treatment in all tissue except
intestinal tissucs and contents. The highest level of radioactivity was found in kidney. liver.
pancreas, and blood, with average values of 263, 139, 712, and 27.3 pg/g, respectively.
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The graph (above) shows the mean (+ SD) cumulative percent of radioactive dose in urine, feces.
and bile at specified intervals after administration of a single oral (Group 3, 200 mg/kg) or
intravenous (Group 4, 20 mg/kg) dose of HC-ADL 8-2698 to male bile duct-cannulated rats.
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Elimination of Radioactivity in Bile, Urine, and Feces Following Intravenous or Oral
Administration of ["*C]Alvimopan to Bile Duct-Cannulated Male Rats (Study No. 7010-

119)

Methods: The objective of this study was to examine the absorption and elimination of
[I 'C]alv1m0pan (specific activity = 56.98 mCi/mmol or 123.87 uCi/mg) following
intravenous or oral administration to bile duct-cannulated male rats. In this study, eight
bile duct-cannulated male Fischer 344 rats (n = 4/group) were used. Animals were
treated with a single oral dose of "y alvimopan at 20 (Group 1) or intravenous dose of 2
(Group 2) mg/kg. Urine was collected at predose and at 0-4, 4-8, 8-24, 24-48, and 48-72
hours postdose. Feces were collected at predose and at 0-24, 24-48, and 48-72 hours
postdose. Bile was collected at predose and at 0-2, 2-4, 4-8, 8-24, 24-48, and 48-72 hours
postdose. All samples were analyzed for radioactivity using a liquid scintillation counter
(LSC).

Results: Most of the radioactivity was recovered in the-feces following an oral dose of
[**Clalvimopan. A mean of 89.1% of the administered dose was recovered in the feces
through 72 hours postdose. Urinary and biliary excretion accounted for only 1.66 and
5.13% of the dosed radioactivity, respectively, indicating an oral absorption of
approximately 6.8%.

Following the intravenous dose of ['*Clalvimopan, majority of the radioactivity was
recovered in the bile. A mean of 73.5% of the administered dose was recovered in the
bile through 72 hours postdose. Urinary and fecal excretion accounted for 24.0 and
0.81% of the administered radioactivity, respectively.

Elimination of Radioactivity in Bile, Urine and Feces Following Intravenous or Oral
Administration of [**Clalvimopan.to Male Dogs (Study No. 7010-103)

2. Elimination of Radioactivity in Bile, Urine and Feces Following Intravenous or Oral
Administration of “C-ADL 8-2698 to Male Dogs s 7010-103)

Methods: The objective of this study was to examine the extent of absorption, distribution, and
elimination of "*C-ADL 8-2698 administered to dogs by intravenous or oral route. Male beagle
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dogs (intact and bile duct-cannulated) were assigned to 2 groups in two phases for this study and
were treated with a single 100 mg/kg oral or 2 mg/kg i.v. dose of “*C-ADL 8-2698 (71.0 nCi/mg
or 32.7 mCi‘mmol). For the oral doses. the radiolabeled and nonradiotabeled test materials were
formulated in a capsule with PEG 3350. The intravenous dose was prepared as a solution in
sterile water (pH = 10.5 adjusted with I N NaOH) at a concentration of 2 mg/ml. In Phase [, 3
dogs received a single oral dose of **C-ADL 8-2698 as a capsule (Group 1) and 3 dogs received a
single i.v. dosc of HC-ADL 8-2698 viaa cephalic vein (Group 2). The animals were cannulated
for the collection of bile in Phase 2. In Phase 2, the bile duct-cannulated dogs were treated with
the same dosing regimen as in Phase 1. The group designations, number of animals, doses and
dose volumes etc. are shown in the table below:

Group* Number of Route Dose (mgrkg) | Dose Volume | Radioactive ] Group Description
Males (mV’kg) dose
(pCifanimah
~ Phase 1 (Intact) .
1 3 Oral 100 { capsule 30 Excretion/Mass
Balance/PPlasma
2 3 v 10 I mifkg 30 Excretion/Mass
Balance/Plasma
Phase 2 (Bile Duct-Cannulated)
i 3 Oral {00 1 capsule 30 Excretion/Mass
Balanice/Bile
2 3 v 10 I inl/kg 30 Excration/Mass
Balance/Bile

iV: Intravenous.

Blood samples were collected (Phase 1) after oral dose via a jugular vein al predose and at 15 and
30 minutes and at 1. 2, 4, 8, 12, 24, 48. 72, and 96 hours postdose. Following i.v. dose. blood
samples were collected predose and at 3. 13, and 30 minutes, and at 1, 2,4, 8, 12, 24. 48, 72, and
96 hours postdose. Bile (Phase 2). urine (Phase 1 and 2), and feces (Phase | and 2) samples were
collected at selected intervals (urine: 0-4. 4-8. 8-24, 24-48, 48-72, and 72-96 hours postdose:
faces: 0-24. 24-48, 48-72, and 72-96 hours postdose; bile: 0-4, 4-8, 8-24, 24-48. 48-72, and 72-
96 hours postdose) through 96 hours post-treatment. All samples were analyzed for radioactivity
using liquid scintillation counter (L.SC).

Results: Following i.v. administration, maximum concentration of radioactivity was obtained at
3 min after treatment, with an average value 0 4.96 ug/g. Concentration declined over time
steadily to values below the limit of quantitation by 12 hours postdose. Following oral dose, all
plasma concentrations were below the limit of quantitation, which suggested minimal absorption
of C-ADL 8-2698 following oral administration. The main route of excretion of “C-ADL 8-
2698 following i.v. dose was via feces in intact dogs (67.5%), however, in bile duct-cannulated
dogs, the majority of the radioactivity was found in the bile (64.9%). The main route of
excretion of *C-ADL 8-2698 following oral dose was via feces in intact and bile duct-cannulated
dogs (91.8 and 94%. respectively).
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The figure (above) shows the mean cumulative percent of radioactive dose in urine, feces. and
bile at specified intervals after administration of a single oral (Group 1, 100 mg/kg) or
intravenous (Group 2, 2 mg/kg) dose of "*C-ADL 8-2698 to male dogs in Phase 2.

2.6.4.7 Pharmacokinetic Drug Interactions

The sponsor did not include any pharmacokinetic drug interactions study reports in this
submission.
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2.6.4.8 Other Pharmacokinetic Studies
The sponsor did not include any other pharmacokinetic study reports in this submission.
2.6.4.9 Discussion and Conclusions

Systemic absorption of alvimopan after oral doses was low in animals, with less than
10% of the administered radiolabeled dose reaching systemic circulation. In humans
given a 12 mg solution, or two 6 mg capsules orally, the mean absolute bioavailability for
alvimopan was 14 and 6%, respectively. In humans, mean plasma AUCy.;2, and Cmax
for alvimopan after 12 mg oral b.i.d. dose for 4.5 days were approximately 40.2 ng.hr/ml
and 10.98 ng/ml, respectively (data obtained from the study 14CL1.19). In repeated oral
toxicity studies, the animal to human exposure ratios were approximately 4.0 (AUCp.24n =
150 ng.hr/ml at 4000 mg/kg/day, p.o. in mice), 2.2 (AUCyp24n = 81 ng.hr/ml at 1000
mg/kg/day, p.o. in rats) and 56.1 (AUC.24n = 2100 ng.hr/ml at 1000 mg/kg/day, p.o. in
dogs) in mice, rats and dogs, respectively. Systemic plasma clearance of alvimopan in
rats and dogs was rapid, ranging from 2.8 to 5.4 L/hr/kg in rats and 1.4 to 2.2 L/hr/kg in
dogs given single intravenous doses. Systemic plasma clearance in humans was 0.34
L/hr/kg, was slower than for other species. The calculated volume of distribution at
steady-state (Vss) in rats ranged from 0.8 to 1.9 L/kg. The volume of distribution in dogs
was low, 0.21 to 0.36 L/kg. The mean volume of distribution of alvimopan in humans
was 0.43 L/kg. Plasma protein binding of alvimopan was modest or low and independent
of concentration in all species. Free fractions ranged from 20-30% for humans, 56% for
rats, 67% for mice, and 72% for dogs. Following single oral radioactive dose of
alvimopan in rats, distribution of total radioactivity was generally limited to the
gastrointestinal tract with little distribution to peripheral tissues. Alvimopan was also
detected in milk on lactation Day 14 after daily intravenous bolus doses in rats.
Alvimopan was primarily metabolized to ADL 08-0011 in humans, and to glucuronide
and sulfate conjugates in rats and dogs. Alvimopan did not inhibit any of the 5 major
human CYP isozymes in human liver microsomes or hepatocytes at concentrations up to
50 uM. Alvimopan did not induce CYP isozymes in rats or dogs after 14 days of
repeated dosing. Neither CYP 1A2 nor CYP 3A4 was induced in human hepatocytes
incubated with alvimopan for 2 or 3 days. The estimated half-life in rats and dogs was
approximately 2 and 0.2 hrs, respectively, reflecting the rapid clearance and tissue
distribution.. Alvimopan was demonstrated to be a substrate for the p-glycoprotein (Pgp)
transporter. The plasma half-life in humans given an intravenous dose of 12 mg was 5.3
hr. Excretion of alvimopan occurred primarily via the bile and feces. In rats,
approximately 70 and 30% of the administered dose was excreted via the bile and urine
after an intravenous dose. In dogs, approximately 65 and 26% of the administered dose
was excreted via the bile and urine after an intravenous dose. Most of the fecal
radioactivity excreted after oral doses (>89% for both species) was attributed to
unabsorbed drug. ‘

The pharmacologically active metabolite, ADL 08-0011, was formed by all species
following oral or intravenous administrations of alvimopan, including humans.
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Generally, plasma concentrations of ADL 08-0011 after oral doses of alvimopan were
greater than those of the parent compound in mice, rats, and human, but were less than
those of the parent drug in dogs. Mean AUC.,, and Cmax for ADL 08-0011 in humans
following oral dose of 12 mg b.i.d. alvimopan for 4.5 days were 1642.5 ng.hr/ml and
35.73 ng/ml, respectively (data obtained from study 14CL119). Plasma protein binding
of ADL 08-0011 was species dependent with free fractions ranging from 4.5% for
humans to 62% for mice. In rats and mice, plasma protein binding of parent and
metabolite was similar; while in humans, rabbits and Beagle dogs the binding of the
metabolite was more extensive than binding of the parent drug. ADL 08-0011 was also
detected in rat milk on lactation Day 14 after daily intravenous bolus doses. ADL 08-
0011 was not formed by human hepatocytes incubated with alvimopan for up to 72 hours.
ADL 08-0011 did not inhibit any of the 5 major human CYP isozymes in human liver
microsomes or hepatocytes at concentrations up to 50 pM. Repeated i. v. dosing of ADL
08-0011 for 14 days did not induce CYP isozymes in rats. ADL 08-0011 was also found.
to be a substrate for the p-glycoprotein (Pgp) transporter.

2.6.4.10 Tables and FigureS to Include Comparative Toxicokinetic Summary

The following tables (from page 131 and 132 of the sponsor’s report: pharmsum.pdf)
show comparative pharmacokinetic data and systemic exposure to alvimopan and ADL
08-0011 following administration to mice, rats and dogs in comparison to human
‘exposure.

Appears This Way
~ On Original
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Adolor Corporation

TX Table 3;

ENTEREG™ (alvimopan)

NDA 21775

Summary of Mean Systemic Exposure to Alvimopan After Repeatod Administralion of
Abkunopan and Companson fo Mean Human Exposure

Base

| AUCComparise’ | C,., Comparisen’
Spoetes | Study (mgflcgday) Reference
Duration AUC sy ] Coe o | Nomber
Gral Admlalstration
Mowse | saaw | o0 0t | Tao w | 23 | sewe
! month HEGE 40y 14 T4 L7
Rat 082
&R 22 B 1.9
3 days”
capsule 1 3N .5 518 125 S0R-0I0
Dog SUSPENZIOn 1000 1371 k7 106 2487
! month 1000 15000) 40.1 108 (M) 23l
' B0
nooF; | sel | s | 360
Intravenons Adminlstration
3 voeks 1 wa | w1 | sees | 1eso
Rait #0d-021
1915(F) 5h3 64EY 1453
g 4 waks 2 mosop | 302 | s | 82 |roveers
1295FF | M | 436 | mzg | MTRB

a: Meart AUG 344 i human a¢ osal dose of 6 mg bi.d. was 374 ngehieml, {twice the AUC ocpp.iz)
b: Meaan C;, i human at oral dose of 6 mg §id. wes 4.3 ng/mi.

& Mean ALC and Cop, waltes Eor males and females eombined.
& AUC from 0 1o 48 hoars

€ Alvimopan was sdininisersd twice s day (300 mg/kg/idose) at & total daily doge of 1000 mgfkpiday.
f Comiparizons to humsn data are based o end of study dsta from the applicable animat study
g Kimetic rezuliz are from 14TKORE, AUC = ATC.,
M hdabe; F: Feimale
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TX Tabled:  Summary of Mean Systemic Exposure fo ADL 08-001 1 After Repeated Administration-
of Alvimopan or ADL 08-0011 and Comparison to Mean Human Exposure.
: Dcs;; AUC Comparison” Conax Comparison”
Species Study (mg/kg/day) Reference
pecte Duration - NOAEL AUCy24 . Ca _y | Number
OAEL (agehr/mL,) Ratio (ngmL) Rati¢
Oral Administration of Alvimepan
Mouse | § days’ 4000 1723 4.1 283 120 | 808020
1 month 1000 358(M) 0.8 32.6(M) 1.4 ]
Rat 808-012
S04(F) 2.1 58.3(F) 13
§ days"™
capsule 100 191 0.5 128 0.5 $08-010
Dog | suspension 1060 165 04 93 04
{ month 1000° 58.3(M) 0.1 36My. | 02
808011
100(F) 02 5. 3(F) 0.2
Intravenous Administration of Alvimopan
2 weeks 10 138(M) 0.3 19.4(M) 0.8
Rat 208-021
30UF) 09 21.5(F) (.9
Intravenous Administration of ADL 08-0011
2 weeks § 3040(M) 732 1880(M) | 796 :
Rat 808-018
4140(F} 9.8 2850(F) | 1207
2 weeks 2 334002 19 1990(M 843
Dog Ll Ll 808019
293(F) 6.9 1890(F) | 801

& Mean AUCq.341q in human at oral dose of 6 mg b.i.d. was 422.5 ngehr/mL.
b: Mean Cpy i human at oral dose of 6 mg b.i.d. was 23.6 ng/mL

¢ Mean AUC and Cpy, values for males and females combined

d: AUC from O to 72 howrs
e Alvimopan was administered twice a day (500 mg'kg/dose) at a total daily dose of 1000 ma/ke/day.
f. Comparisons io human data are based on end of study data from the applicable animal study
M: Male, F: Female
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2.6.6 TOXICOLOGY

2.6.6.1 Overall Toxicology Summary

Alvimopan and its active metabolite ADL 08-0011 were tested in mice, rats and dogs
following intravenous and oral administration. Acute intravenous and oral toxicity
studies were conducted in rats and mice. Alvimopan was non-lethal to rats at an i.v. dose
of 20 mg/kg and an oral dose of 500 mg/kg. In mice, alvimopan was nonlethal at 500
mg/kg when administered orally. It is to be mentioned here that these are the only doses
tested in acute toxicity studies in mice and rats. After a single oral administration of
alvimopan to mice and rats, no mortality or toxic effects were observed at dosage levels
up to 4000 mg/kg.

Alvimopan exhibited no significant target organs of toxicity when administered at
sufficiently high oral doses up to 13 weeks in mice and up to 6 months in rats and dogs.
Alvimopan was also tested mtravenously at sufficiently Tigh doses up to 2 weeks in rats
and up to 1 month in dogs and produced no significant toxicity. After repeated oral
administration of alvimopan to rats for 1 (200, 500 and 1000 mg/kg/day) or 6 months (50,
100 and 200 mg/kg/day), the no-observed-adverse-effect-levels (NOAELs) were 1000
and 200 mg/kg/day, respectively, the highest tested doses. After repeated oral doses of
alvimopan to dogs for 1 (100, 250, 500 and 1000 mg/kg/day) or 6 months (10, 30 and 100
mg/kg/day), the NOAELs were 1000 and 100 mg/kg/day, respectively, the highest tested
doses. Inrepeat dose i.v. toxicity studies in rats (1, 5 and 10 mg/kg/day) and dogs (0.05,
0.2 and 2.0 mg/kg/day) , the NOAELSs were 10 and 2 mg/kg/day, respectively.

ADL 08-0011, the pharmacologically active metabolite of alvimoan, was also tested
intravenously up to 2 weeks in rats and dogs. ADL 08-0011 did not cause any significant
toxicity in rats or dogs when administered up to 8 or 2 mg/kg/day, respectively.

The proposed human oral dose for alvimopan is 12 mg b.i.d. or 24 mg/day or 0.48
mg/kg/day (based on 50 kg body weight), which is equivalent to 17.8 mg/m2. The
highest tested doses in rats (200 mg/kg/day) and dogs (100 mg/kg/day) in 6-month oral
toxicity studies were approximately 67.4 and 112.3 times the proposed human dose (17.8
mg/m?2), respectively, based on body surface area. Alvimopan and its active metabolite
ADL 08-0011 did not show any potential for genotoxicity. In fertility and reproductive
performance study in rats, alvimopan did not cause any adverse effect. It was not
teratogenic in rats or rabbits. -

In conclusion, the nonclinical studies conducted on alvimopan provide adequate
assurance of safety for its proposed oral use as indicated in the draft labeling.
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2.6.6.2 Single-Dose Toxicity

The Acute Toxicity of Alvi'mopan Administered Orally to CD- 1 Mouse (TOX RPT
7/M0Q7293

The Acute Toxicity of Alvimopan Administered Orally to Fischer 344 Rats (TOX RPT
6/R19693)

The Acute Toxicity of Alvimopan Administered Intravenously to Fischer 344 Rats (TOX
RPT 5/R18893)

TOXICOLOGY:
ACUTE TOXICITY:

An acute i.v. toxicity study in rats and acute oral toxicity
studies in mice and rats did not provide any useful information.
In each study, only one dose of LY246736 dihydrate was
administered (an i.v. dose of 20 mg/kg in rats and an oral dose
of 500 mg/kg in mice and rats) and none of the doses produced any
lethality or clinical signs of toxicity. The sponsor should be
advised to conduct multiple dose acute toxicity studies that
include doses that produce lethality and clinical signs of
toxicity.

A Blood Level Toxicity Study with Alvimopan Administered Orally as a Single Dose to
Beagle Dogs (Study Number D09392)

Methods: This is a non-GLP study to support the dose selection of alvimopan for the
subchronic study. In this study, six adult Beagle dogs (1/sex/group) were administered
single oral (capsule) dose of alvimopan at 50, 100 or 200 mg/kg. All animals were
observed daily for 14 days for mortality and clinical signs. Body weights were recorded
during the pretest period. Food consumption was estimated daily. Blood samples were
collected on Day 1 at 0.5, 1, 2 and 4 hours postdosing for determination of plasma
concentration of alvimopan.

Results: The sponsor did not provide any data in this report. Only the summary was
provided. There was no treatment-related mortality. The only clinical sign noted during
the study was an episode of runny stools in one male given 100 mg/kg, 6 hours
postdosing. Alvimopan was non-lethal up to 200 mg/kg, p.o.
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2.6.6.3 Repeat-Dose Toxicity
Mice

Toxicokinetic Study of Alvimopan in CD-1 Mice Following Single and Repeat Oral
Gavage Dosing for 5 Days (Study No. 808-020)

2. Single and Repeat Dose Toxicokinetic Evaluation of Orally Administered
(Gavage) Alvimopan (ADL-8-2698) in CD-1 Mice: (Study #13TX007/ wm #808-020)

The purpose of the study was to determine toxicokinetics of the compound and its
metabolite ADL 08-001 following single dose and repeat.dosing for 5 days.

Conducting laboratory and location:  “ess——————e "

Date of study initiation & completion (Draft Report): April 22, 2002 and November
7,2002

Drug lot # and % purity: Alvimopan (ADL 8-2698), R009340 o JOR1208.N.00.01
and 93 -100% (As per sponsor, the homogeneity and stability was supported by study #
808-002 & 007)

Formulatioen/vehicle: 10% Suspension in gum acacia

Methods:

Dosing:

Species/strain: CD-1 mice

#/sex/group or time point (main study): Eight groups of 18 animals/sex

WoY
o9 gnd
;O o“o‘\g
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Age: approximately 6 weeks

Mean Body Weight: 19.6 to 33.3 g (imales) and 19.0 to 29.0g (females)
Doses in administered units: 300, 1000, 2000 and 4000 mg/'kg/day
Route, form and volume: oral gavage. 10 mltkg

The dose schedule and experimental design of the proposed study is shown inthe
following table: (vol 1.2, page 10):

Group Assignments “—ﬂ
Group Dose Level Number of Animals !
Number (mg’kg/day) Male Female :

i N 500 18 18
x 1000 18 18 ¢
! 3 2000 18 18 '
| g 4000 18 18 |
! s 500 18 18 i
6 1000 18 18 {

7 2000 18 1B

8 4000 18 18

"Test article was administered as a single dose on Day 1.

! "Test anticle was administered for five consecutive days.

Observations and times:

Clinical signs: The clinical examination for general observations of animals like
salivation, motor activity, convulsions elc., mortality, injury and, available of food and
water were made twice daily during the study.

Body weights: For main study groups animals - once prior to initial drug administration
and daily during the study. These were not reported and maintained in testing laboratory
records.

Plasma concentrations: The plasma concentrations of the compound and its metabolite
ADL 08-0011 were determined on pooled 0.5 ml blood sample collected from 3
animals‘sex/group per time period by cardiac puncture on study day 1 and day Sa10
(prior to treatment), 1, 4, 24, 48 and 72 hr post dose. The concentrations of compound
was determined by LC/MS/MS method (limit of detection = 0.9 ng/ml). The animals
were terminated without further evaluation. The samples were stored at —70°C for their
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use at analytical faboratory for plasma concentration and TK parameter determinations
(Cmax and AUCq..  values).

Resulis:

Toxicokinetics:

a. Alvimopan: On day 1. treatment related but non-dose proportional AUC, .. valucs of
176, 228, 138 and 4514 ng.hr/in] of the compound were seen in males after the
administration of 500, 1000, 2000 and 4000 mg/kg alvimopan. On siudy day 5, a
measurable concentration of the compound was se¢en at 0 hr (before the dosing)
suggesting that the compound was not completely eliminated. On day 5, the AUCq.«
values among males were 179, 902, 362 and 169 ng.he/ml respectively. indicating that the
compound had variable absorption. On day 1. non-dose proportional AUCg~ n) values of
2253, 1153 and 1696 ng.he/ml of the compound were seen in females after the
administration of 1000, 2000 and 4000 mg/kg alvimopan. The AUC value of the
compound on day 1 at the dose of 500 mg/ke/day was below the [imit of detection and
was reported as NC (not calculated). On day 3. the AUCq... values were 53436, 884, 264
and 130 ng.hr/mi respectively, in animals included in 300, 1000. 2000 and 4000 mg/kg
alvimopan. There was poor and erratic absorption of the compound. The estimated half-
lives of the compound on day 1 in males was 13.3, 7.9, 7.5 and 9.9 hr and. 10.0, 5.9, 8.4
and 13.2 hr in females. The half lives on day 5 were only slightly different than on day 1.
e, 10.0, 5.9, 8.4 and 13.2 hr in males and, 6.0, 3.6, 6.7 and 7.0 hr in females included in
500, 1000, 2000 and 4000 mg/kg/day treatment groups (Data extracted from sponsor
table in vol 1.2, pp 417).

SUMMARY OF PLASMA ALVINMOPAN AUCgng VALUES AND Tinax VALUES FOLLOWING
ORAL ADMINISTRATION OF ALVIMOPAN (STUDY DAY [ & 5) INCD-1 MICE

MALES FEMALES
DOSE AlUCpoymy  Tmax (hr) AUCqe ury  Tmax (hr}
(DAY 1)

300 mg/kg 176 f NC
1000 mg/kg 208 { 225 4
2000 mg'kg (38 4 1155 24
4000 mg'kg 4514 24 1696 4

(DAY 5}

500 mg/kg 179 0 5436 4
1000 mg/kg 502 I 884 1
2000 mg/'kg 362 4 264 0
4000 mgfkg 169 t 130 4

b. ADL 08-0011: On day 1. linear but non-dose proportional AUC 24 ey values of 194,
468, 1013 and 1853 ng.hr/inl of metabolite in males and, 201, 728, 842 and 11853
ng.hr/mi in females. respectively were seen in 300, 1000, 2000 and 4000 mg/kg/day
alvimopan treatment groups. AUC values of the metabolite on study day 5 in study
animals are variable as shown in the following table. A small concentration of the
metabolite (as seen with the parent compound) was seen at 0 hr (24 hr after the dosing)
before the next dosing. The plasma peak concentration of the metabolite was usually
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seen within | hr of the administration of the compound excepting in females included in
4000 mg/kg/day treatment group. The half-life of the metabolite ADL 08-0011 after 500,
1000, 2000 and 4000 mg/kg oral dose of the compound was 4.5, 6.7, 6.0 and 6.5 hr.
respectively. The half-fife of the metabolite on day 3 of the study were prolonged to
11.4, 12.4, 8.1 and 13.3 hr at 500, 1000, 2000 and 4000 mg/kg oral doses of the
compound. The concentration of the metabolite in animals of 2000 and 4000 mg/kg/day
treatment groups were lower than the concentrations seen in animals of low dose
treatment group indicating limited absorption of the compound. The tmax values of the
compound on day 5 and of metabolite ADL —08-0011 on day 1 and 5 are shown in the
following table (data taken from sponsor table at vol 1.2, pp 417).

SUMMARY OF PLASMA ADL 08-0011 AND AUC VALUES
FOLLOWING ORAL ADMINISTRATION OF ALVIMOPAN

MALES . FEMALES
DOSE AUCq . 1ry T{max) AUCq... 1wy T{max)
: (ng.hr/ml) (hr) (ng.hr/ml) (hr)

(DAY 1)

300 mg/kg 194 t 200 |
1000 mgfke 468 f 728 1
2000 mgfkg 1013 ! 842 1
4000 mgfke 1833 i 1183 |
(DAY 3)

300 mgiky 636 i 763 4
1000 mg/ke 460 [ 309 l
2000 mg/kg 756 [ 955 1
4000 mgfkg 1821 I 1550 i

Orally administered compound converted to metabolite ADL 08-0011 and it attained
linear but non-dose proportional plasma concentration within 1 hr of administration of the
compound. On day 3, the metabolite peak concentrations at these doses were seen after |
1o 4 hr of the administration of the compound and these were similar or only slightly
increased than on day 1. Thus the continuous exposure of the compound after muftiple
doses provide reduced plasma levels of the compound and slight increased amount of the
metabolite. '

In summary, orally administered alvimopan from 300 to 4000 mg/kg/day for 5 days
produced variable and non-dose proportional and erratic plasma concentrations. The
plasma concentrations of the compound in animals included in 2000 and 4000 mg/kg/day
treatment groups at this time were lower than the first day concentration. The orally
administered alvimopan was absorbed in small amounts and the compound and
metabolite ADL 08-0011 were seen after 1¥ hr of its administration. The half-life of
metaholite was prolonged than alvimopan. There was no apparent sex related difference
in the exposure levels of the compound in the mouse.
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13-Week Oral Toxicity Study of Alvimopan in CD-1 Mice (Study No. 808-002)
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TOXICOLOGY:

1. 13-Week Oral Toxicologv studv in Mice: (Study # ADL 8-2698; §08-002)
Conducting taboratory and location: e

Date of study initiation: December 7. 2000

GLP compliance: Unsigned Statement of compliance to GEP regulations was attached.

Drug lot # and % purity: Alvimopan (ADL 8-2698). R009340, MFG. Lot #A220201
and 93 -100%

Formulation/vehicle: 10% Suspension in gum acacia/water
Methods:

Dosing: Oral

Species/strain: CD-1 mice

2): 10fsex/group

Satellite group animals used for toxicokinetics: 4 groups of 24 mice/sex
Age: approximately 4 weeks

Mean Bodv Weight: 20.86 to 21.88 g (females) and 28.14 to 28.83 g (males)

Doses in administered units: 0, 100, 300, 600 and 1000 mg/kg/day

Route, form. volume, and infusion rate: oral gavage. suspension, 10 mlkg
The number of animals used in the main and sateilite groups are shown in the following
table (1aken from sponsor’s submission. vol 1.1, pp 12):
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Group Assignnents
Group Dose Level Number of Animals
Number (mg/kg/dose} Maie Fernale
Main Study
t ] 10 18]
2 100 ] 10
3 3066 10 10
4 600 10 10
5 1000 10 10
Toxicokinenie
6 100 24 24
7 300 24 24
8 600 24 24
9 1000 o 24 2

Observations and times:

Clinical signs: The clinical examination was conducted once/week

Mortalitv: 2 times/day

Bodv weights: For main study groups animals - once prior to initial drug administration.
once/week during the study. For TK groups animals: the body weights were taken but
not recorded

Food consumption: recorded weekly in males and females animals

Ophthalmoscopy: was not done during the study

EKG: tracing was not obtained.

Hematologv: On 0.7 mUmouse blood samples (cardiac puncture) cotlected from alt main

study group overnight fasted animals at termination of the study. Bene marrow slides
from males of 0 and 1000 mg/kg/day treatment groups were prepared.

Clinical chemistry: tests were performed on the blood samples collected for hematology
. parameters estimation.

Urinalvsis: was not done

Plasma concentrations: 20 ml blood sample collected from 40/sex animals by cardiac
puncture during the first week of acclimation period. Blood samples were collected at 1,
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2, 6 and 24 hr post dose on day 1 and 90 from 3/ses/group from TK animals. The plasma
concentrations of the compound were estimated by using LC/MS/MS method (limit of
detection = 0.9 ng/mb).

Gross pathology: Each main study group animal was examined for external
abnormalities, palpable masses and cavities.

Organs weighed: adrenal, brain, epididymides. heart. kidney, liver. pituitary. testes.
thyroids, parathyroid. and uterus/cervix.

Histopathologv: The histopathological examination of the tissues was performed for all
the animals of control and 1000 mg/kg/day treatment groups and. for those animals of
other groups which died spontaneously/killed during the study. The following tissues
were examined: adrenal, kidney. lacrimal gland, exorbital. bone with marrow [femur and
sternum], liver, lung. bone marrow smear, lymph nodes: mandibular and mesenteric,
brain [cerebrum, midbrain, cerebéllum, medulla/pons), mammary gland [females only],
pancreas, eve including optic nerve (2), pituitary gland, gallbladder, prostate and seminal
vesicle (2), gastrointestinal tract (stomach glandular and non-glandular), salivary glands
(mandibular 2), duodenum, jejunum, ileum, cecum. colon. rectum, spleen,
thyroid/parathyroid, tongue, trachea, urinarv bladder. testes, with epididymides (2).
uterus [both horns}/cervix, gross lesions, Harderian glands and heart. The microscopic
examination of the lung of the animals beloaging 1o 100. 300 and 600 mg/kg/day
treatment groups was performed and bone marrow smears were collected at the scheduled
sacrifice and held.

Results:

1. Moertality: One, 2. 1 and 1 males belonging to control. 100, 300 and 1000 mg/kg/day
treatment groups died during the study. One, 2 and 1 females of 100, 600 and 1000
mg/kg/day treatment groups died during the study. All of these animals died due to
gavage related errors.

2. Clinical signs: None of the dead animals showed any treatment or dose related
adverse effects.  Yellow hairfface coloration was seen in I, 1 and 3 males of 300, 600
and 1000 mg/ke/day treatment group, respectively. Note of the females showed any of
these signs.

3. Body weights: On week 13, the body weights of males included in 100, 300, 600 and
1000 mg/kg/day treatment groups were 104.6, 100.6, 120.0 and 100% of the controls and,
in females, these were 96.4, 94.0. 100.2, and 112% of the control females, respectively.
The change in body weight gain among treatment groups males and females was neither
dose nor treatment related.
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Page 8
Initial and Final Body weights of the animals of 13-Week
Toxicity Study in Mice
Dose(mg/kg/day) Males Females
Initial Final Initial Final

Control 28.83 37.91 21.46 29.89
100 28.62 38.15 21.65 29.78
300 28.39 37.32 20.86 29.79
600 28.7 38.9 21.88 30.33
1000 28.14 37.91 21.41 30.86

4. Food consumption: The food consumption of the animals in treatment groups and
control group was not affected during the study and no doseftreatment related effects
were seen. The initial and final food consamption among control group animals were 6.3
and 7.3 g/day in males and, 3.1 and 6.2 g/day among females. respectively.

A

. Ophthalmoscopv: was not done during the study

6. Electrocardiographyv: parameters were not evaluated during the study

7. Hematology: A slight decrease of 18.3% and 17.1% in the percent reticulocytes was
seen in males and females of 1000 mg/kg/day treatment group. The myeloid/erythroid
ratio was only slightly increased in males of 1000 mg/kg/day treatment group (control
and treated males value were 2.0t and 1.57). Myeloid/erythroid ratios in study females
were not provided. '

8. Clinical chemistry: No significant or clinically important changes were reported in
male and female animals included in treatment groups of the study.

9. Urinalysis: The urinalysis tests were not included in the study.

10. Qrgan weights Changes: There was no dose or treatment related changes in the
organ weights of animals of the study.

11. Grass pathalogy: One out of 9 males of 1000 mg/kg/day treatment group had
galactocele of mild nature and, 1 out of 9 females in cach of 100 and 1000 mg/kg/day
reatment groups had ovarian cyst of mild intensity.

12. Histopathological Changes: Traces of hepatic lipidosis were found in 20 and 40%
male in control and 1000 mg/kg/day treatment groups. Among females. 30 and 20% in
cach of control and 1000 mg/ke/day treatment groups had hepatic lipidosis. These fatty
streaks were not of toxicological importance. Histiocytosis of mesenteric and mandibular
lymph nodes was seen (see the table below). Thymus severe atrophy incidences in study
animals sacrificed during the study were similar in control and treatment groups animals
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IND 56,553
Page 9

as 1. 1 and 2 males belonging to control, 100 and 1000 mg/kg/day treatment groups
showed the atrophy. One female of 1000 mg/kg/day sacrificed at the termination of the
study also had thymus atrophy. Lymphoid necrosis of thymus gland was similar, i.c.. 10,
10 and 20% 1nales included in 0, 100 and 1000 mgikg/day treatment groups (table
below). The intensity of necrosis was in traces.  These changes were claimed as not drug
treatment related and incidental.

TABLE

Incidences of Histopathological Changes in Control and Treatment groups Mice
Histopathological Lesion Treatment Groups (mg/kg/day. p.o.)

Conirol | 100 | 300 | 600 1 1000
1. Liver: Lipidosis, Trace
Male 2/9 - - - 4/9
Female 3/10 - - | 0/0 072 2/9
2. Lungs: Alveolar Adenoma -,
Males 0 0 0 0 0
Females 0 0 0 Q 1/9
3. Histiocytosis/Ervthrocytosis Trace Mandibular Lymph Node:
Males 0/8 11 - [ - 1/9
Females 0/9 1/10 - {072 1/8
4, Histiocytosis Mesenteric Lymph Node
Males 2/8 22 1/1 - 2/8
Females 2/9 01 0/1 1/1 2/8
3. Thymus Atrophy
Males 0/8 1#/9 - - 2*/9
Females 0 0 0 0 1%/8
6. Thymus Necrosis ' '
Males 1779 272 1771 0 2 (1*)/9
Females . 1/9 171 0 0 2/9

= Sacrificed during the study, * = Severe intensity

13. Toxicokinetic: On day 1, a treatment related and non-dose proportional plasma peak
concentrations (Cmax) of 6.03, 8.97. 138 and 29.7 ng/m! were seen in males within [ 1o 2
hr of the administration of the compound. The peak plasma concentration of 21.0, 23.3.
162 and 79.2 ng/nl were seen among the females within 1 to 6 hr. On day 90, the plasma
concentration (Cmax) was not linear (see table below) and peak concenirations were seen
in 1 to 6 hr in males and females. The plasma concentrations and Tmax values in males
and in females included in the study are shown in the following table (prepared from the
sponsor’s table in vol 1.1, pp 236-39). Because of inconsistent absorption of the
compound and the variable Cmax values in study animals, sponsor claimed that AUC
values and 11/2 could not be calculated.

TABLE
Pharmacokinetic parameters on Day 1 and Day 90 in male and female CD-1 mice of
13-Week Toxicity Study with orally administered Alvimopan (ADL 8-2698)
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Doses Used (me/fke/day)

100 300 600 1000
Day | M F M F M F M F
Cmax (ng/ml) 6.05[21.0 897|253 158 | 162 [29.6]79.2
Tmax (hr) 20 |60 |10 jJ20 |60 |20 (60 |10
T1/2 (hr) - - -- -- - -- -- -
Day 90
Cmax (ng/mi 2211143 ]335 (1221294 {204 255|464
Tmax (hr) 20 (10 (20 |20 1.0 {10 |6.0 (2.0
T1/72 (hr) -- - - - -- -- -- -

-- = Not calculated

In summary, orally administered Alvimopan was absorbed poorly and in an erratic
manner on day 1 and day 90 of the study. The peak plasma concentrations were achieved
in 1 to 2 hr in males and. 2 to 6 tr in females. No treatment rglated histopathalogical
changes were seen in alvimopan treated animals. A dose of 1000 mg/kg/day was
considered as the ‘no effect dose” in the study. The toxicokinetic and toxicity data
generated from the study are not used for the dose selection of the proposed
carcinogenicity study.

Appears This Way
On Original

Rat

Study Title: 2-Week Intravenous Tbxicitv Study of Alvimopan in Fischer Rats

Key Study Findings: In a 2-week i.v. toxicity study in rats, Fischer 344 rats received an
i.v. bolus injection of 1, 5, and 10 mg/kg/day of alvimopan for 2 weeks. The target organ
could not be identified in the absence of any significant organ toxicity. The NOAEL was
considered as 10 mg/kg/day. ’

Study No.: 808-021/14TX019
Volume # and Page #: EDR NDA 21-775: Pharmtox\tox\808-021.pdf

Conducting Laboratory and Location:  eessereeres s

Date of Study Initiation: June 11, 2002
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GLP Compliance: A statement of compliance was included. -

QA Report: yes (X )no ()

Drug, Lot #, and % Purity: Alvimopan, Lot No. R009340, 98.9%

Methods: In this study, four groups Fischer 344 rats (n = 10/sex/group) received the
vehicle (0.9% NacCl) or test article via intravenous bolus injection into the tail vein daily
for 14 days at dose levels of 0, 1, 5, and 10 mg/kg, respectively (dose volume = 4 ml/kg).
Four additional groups of five male and five female rats designated for Functional
Observational Battery (FOB) evaluations (behavioral tests: thermal response, forelimb
grip strength, hindlimb grip strength, hindlimb splay) received the vehicle or test article
daily for three days at identical dose levels and volume to the main study groups. After
FOB evaluations on Day 3, these animals were euthanized and discarded without further
evaluation. In addition, three toxicokinetic (TK) groups of 16 male and 16 female rats
received the test article daily for 14 days at dose levels of 1, 5, and 10 mg/kg,
respectively (dose volume = 4 ml/kg). Blood samples were collected from TK animals
on Days 1 and 14, predose and at 5, 15, and 30 minutes, and 1, 2, 4, 8, and 24 hours
postdose. After completion of the blood collection on Day 14, these animals were
euthanized and discarded without further evaluation.

‘Doses: 0,1, 5, and 10 mg/kg via i.v. bolus injection into the tail vein.

Basis of Dose Selection: The doses were selected based on the results of previous
studies (details were not provided).

Sgecies/Strain: Fischer 344 rats

Number/Sex/Group (Main Study): 10/sex/group

Route, Formulation, Volume: Intravenous (i.v.) bolus, solution in 0.9% NaCl, 4
mi/kg.

Satellite Groups for Toxicokinetics or Recovery:  16/sex/group

Age: 8 weeks

Study Design: The following table shows the study design (from page 14 of the
study report).
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Group Assignments
Group Dose Level Number of Animals
Number (mg/kg) Male Female

Main Study:

1 0 10 19

2 1 10 10

3 5 10 10

4 10 10 10
FoB:

5 0 3 5

6 1 5 5

7 5 5 5

8 10 5 S
Toxicokinetic:

9 1 16 16

10 5 16 16

11 10 16 16
FOB - Functional Observational Battery

Observation and Times:

Mortality: All animals were examined twice daily for mortality.
Clinical Signs: All animals were examined once daily for clinical signs.

Functional Observational Battery (FOB): Behavioral tests (thermal response, forelimb
grip strength, hindlimb grip strength, hindlimb splay) were conducted on all animals in
Groups 5-8. FOB evaluations were conducted on Day 3, approximately, one hour
postdose.

Body Weights: Body weights were recorded on a weekly basis.

Food Consumption: Food consumption was recorded on a weekly basis for main study
animals.

" Hematology: Blood samples were taken at termination for hematology.

Clinical Chemistry: Blood samples were taken at termination for serum chemistry.

Urinalysis: Urine samples were taken at termination for urinalysis.

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following organs were weighed from all main study animals at
necropsy (from page 407 of the report):
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Adolor Corperation ENTEREG™ (alvimopan) NDA 21-775

407 :

The following list constitutes the full complement of organs and tissues:

Adrenal (2)¢
- Aorta
Bone with marrow {femar}
Bone with marcow {stermum)]
- Bone marrow smear’
Brain [cerebrum, midbrain, cerebellum,
medulla/pons]*
Eye including optic nerve (2)
Gastrointestinal tract:
esophagus
stomach [glandular and non-glandular)
duodenum
Jjejunum
iteum
cecum
colon
rectum
Gonads:
ovary (2)*
testis (2)* with epididymis (2)
Giross lesions
Harderian Gland (2)
« Heart®
Injection site(s)

1

‘

-

¢

»

- Kidney (2)*

Lacrimal gland, exorbital (2)

Liver [3 soctions collected, 2 sections
cxamined]*

Lung (collected whole, 2 scctions examined)
Lymph nodes: mandibular and mesenteric
Mammary gland [process females anly]

- Pancreas

Pituitary*@

- Prostate* and seminal vesicle (2)*
Salivary pland, mandibular (2)

- Sciatic nerve

Skeletal muscls, biceps femoris

- Skin

Spinal cord {cervical, thoracic, and lumbar}
Splesn*

- Thymus*

Thyroid/parathyroid (2)*@

- Tongue

- Trachea

Urinary bladder

Uterus [both hornsyCervix®

Vagina

i

’

‘.

*Bone marrow smears were collected at the scheduled sacrifice and held.

(2) Paired organ
* Weighed
@ Weighed following fixation

Appears This Way
On Origingl

808-021

407
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Histopathology: Adequate Battery: yes (X ), no( )
Peer review: yes (X ), no( )

Histopathological examinations were conducted on the tissues listed above from control
and high dose animals at the scheduled necropsies.

Toxicokinetics: Blood samples were collected from TK animals on Days 1 and 14,
predose and at 5, 15, and 30 minutes, and 1, 2, 4, 8, and 24 hours postdose.

Tissue P450 Studies: The livers of all main study animals were frozen for P450 studies.

Results:
Mortality: There was no mortality.
Clinical Signs: There were no significant treatment-related clinical signs.

Body Weights: The mean initial and final body weight of control males were 248.1 and
263.1 g, respectively. The mean initial and final body weight of control females were
157.1 and 168.6 g, respectively. There were no treatment-related changes. ’

Food Consumption: The mean initial and final food consumption in control males were
16.50 and 17.97 g/animal/day, respectively. The mean initial and final food consumption
in control females were 11.28 and 12.57 g/animal/day, respectively. There were no
treatment-related changes. '

Functional Observational Battery (FOB): There were no treatment-related changes.

Hematology: There were no treatment-related changes.

Clinical Chemistry: No treatment-related effects on clinical chemistry parameters were
observed.

Urinalysis: No differences in urinalysis between control and treated groups were
observed.

Gross Pathology: No test article-related macroscopic observations were noted in either
sex.

Organ Weights: No treatment-related changes in organ weights were observed in either
sex. .

Histopathology: There were no significant treatment-related changes.

Tissue P450 Studies: Results were not provided in the report.
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Toxicokinetics: Exposure to alvimopan and ADL 08-0011 increased in a dose-related
manner. - Exposure to ADL 08-0011 was generally greater (up to 1.8-fold) after repeated
dosing and exposure in female rats was greater (up to 3.6-fold) than that in male rats over
the course of the study. Animals were exposed to alvimopan to a greater extent than
ADL 08-0011. The toxicokinetic parameters of alvimopan and ADL 08-0011 are shown
in the following table (from page 329 and 330 of sponsor’s submission).

Alvimepan Toxicokinetic Parameters Following Daily Intravenous Bolus Injection of
) Ivimopan 1o Male and Female Rats for 14 Days
Dosage level Cmax? AUC(0-4 hr) 1o AUC()C
(mg/kgiday) | Sex { Day {ng/mL) (ngehr/ml) (hr) {ngehr/mlL)
1 M i 986 264 g™ 267 (12)
F 1 553 153 4 153 (184)
M 14 867 260 4 260 (275)
F 14 640 173 4 173 (194)
s M 1 4211 966 8 970 (1273)
F i 2251 688 8 691 (825)
M 14 5021 1228 8 1231 (1570)
F 14 3900 851 8 855 (1182)
10 M 1 7365 1696 8 1704 (2195)
F 1 5537 1551 8 1574 (1691)
M 14 8387 2104 24 2122 (2621)
F 14 6246 1541 24 1554 (1915)
a: Cmax was observed at 5 minutes, the first blood collection time point afier dosing
b: Time of last quantifiable plasma concentration
c: The AUC(H) value calculated using an estimate of the expected plasma concentration immeduately
post dose (determined by back-extrapolation of the alvimopan plasma concentrations at 5 and 15
post dose) is given in brackets.

808-021 FINAL Page 9
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Adoelor Corporation ENTEREG™ (alvimapan) ° NDA 21-775
330

ADL 08-0011 Toxicokinetic Parameters Following Daily Intravenous Bolus
" Injecton of Alvimopan to Male and Female Rats for 14 Days
Dozage level Peak | Peak 2 AUC(0-24 hr)
(mg/kg/day) | Sex Day {ngfmlLY (hr} (ng/ml.} (hr) {ngehir/mb)
1 M )] 1.46 0.083 0.894 8 12.8
F 1 1.25 0.083 172 8 .o
M 14 1.77 0.083 6775 B T133
F 14 18 0.25 1.62 & 3.1
s M - t 648 0083 115 8 sL2
F 1 5.65 0.083 100 8 {69
M 14 8.64 0.083 386 8 O
F ~14 9.88 0.083 10.8 § 184
10 &1 1 125 €.083 496 24 80
F 1 12.8 0.083 204 8 277
M 14 19.4 0083 6.44 8 138
F 14 21.5 0.083 18.7 24 367
& AUC{0-24 hr) values arc hikely fo be underestimated gince no blood samp%cs were collected
berween § and 24 hours post dose

In a 2-week i.v. toxicity study in rats, animals received an i.v. bolus injection of
alvimopan at 0, 1, 5, and 10 mg/kg/day. The target organ could not be identified in the
absence of any significant organ toxicity. The NOAEL may be considered as 10
mg/kg/day.

Study Title: 2-Week Intravenous Toxicity Study of ADL 08-0011-0 (Amide Hvdrolm
Metabolite of Alvimopan) in Fischer Rats

Key Study Findings: In a 2-week i.v. toxicity study in rats, Fischer 344 rats received an
i.v. bolus injection of 2, 4, and 8 mg/kg/day of ADL 08-0011-0 for 2 weeks. ADL 08-
0011 did not cause any significant organ toxicity at any of the tested doses. As a result,
the target organ of toxicity could not be identified. The NOAEL was considered as the
highest tested dose (8 mg/kg/day).

Study No.: 808-018

Volume # and Page #: EDR NDA 21-775: Pharmtox\tox\808-018.pdf

Conducting Laboratory and Location:

Date of Study Initiation: May 22, 2002
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GLP Compliance: A statement of compliance was included. :

QA Report: yes(X)no( )

Drug, Lot #, and % Purity: ADL 08-0011-0, Lot No. 202002, 99.9%

Methods: This study was conducted to evaluate the potential toxicity of ADL 08-0011-0
(pharmacologically active metabolite of alvimopan) following 2-weeks of intravenous
bolus administration in Fischer 344 rats. Three main study treatment groups (10
rats/sex/group) received the test article at 2, 4, and 8 mg/kg/day (dose volume = 4 ml/kg).
Additionally, three toxicokinetic treatment groups (12 rats/sex/group) received the test
article at the same respective dose levels as the main study groups.

Doses: 0, 2, 4, and 8 mg/kg via i.v. bolus injection into the tail vein.
Basis of Dose Selection: The doses were selected based on the results of previous
studies (details were not provided).

Species/Strain: Fischer 344 rats

Number/Sex/Group (Main Study): 10/sex/group

Route, Formulation, Volume: Intravenous (i.v.) bolus, solution in 0.9% NaCl, 4
ml/kg.

Satellite Groups for Toxicokinetics or Recovery: 12/sex/group

Age: 8 weeks

Study Design: The following table shows the study design (from page 12 of the
study report).

Appears This Way
On Original

84



Reviewer: Tamal K. Chakraborti, Ph.D. NDA No. 21-775

Adolor Corporation ENTEREG™ (alvimopan) NDA 21-775
12
4.2.2  Assignment to Study and Maintenance

The animals were assigned to study as indicated in the following table.

Group Asslgnment )
Dose Level Concentration Number of Animals

Group (mg/kgiday) {mg/mE) Male Female

1 0 0 10 .

2 2 2.5 10 1

3 4 1.0 10 10

4 8 240 10 1

5 L2 0.5 12 12

[ 4 1.0 =12 12

1 8 20 12 i2

Observation and Times:

Mortality: All animals were examined twice daily for mortality.
Clinical Signs: All animals were examined once daily for clinical signs.
Body Weights: Body weights were recorded on a weekly basis.

Food Consumption: Food consumption was recorded on a weekly basis for main study
animals.

Ophthalmoscopic Examinations: A complete ophthalmologic examination was
conducted on all animals prior to treatment and on all main study animals prior to study
termination.

Hematology: Blood samples were taken at termination for hematology from all main
study animals.

Clinical Chemistry: Blood samples were taken at termination for serum chemistry from
all main study animals. '

Urinalysis: Urine samples were taken at termination for urinalysis from all main study
animals.

Gross Pathology: Gross pathology was conducted at necropsy on all main study animals.
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Organ Weights: The following organs were weighed from all main study animals at

necropsy (from page 246 of the report):

246
Adolor Corporation ENTEREG™! (alvimopan) NDA 21-775
The following list constitutes the full complement of organs and tissues:
- Adrenal (2) # - Lacrimal gland, exorbitat (2)
- Aorta - Kidney (2) #
- Bone wfth marrow [femur}] - Liver [3 sections collected; 2 examined] #
- Bone with marrow [sterum] - Lung [2 sections examined]

Bone marrow smear [2 colfected]
Brain {cerebrum, midbrain, cerebellum,
medulla/pons] #
Eye including optic nerve (2)
Gastrointestival tract:
esophagus
stomach {glandular and nonglandular}
duodenum
jejunum
ileum
cecum
colon
rectum
- Gonads:
ovary (2} #
testis () #
epididymis (2}
- Gross [esions
Harderian gland (2)
- Hearnt#
Injection site, tail

0

-

i

»

4

‘

Lymph node. mandibular [2 collected; t examined)
Lymph node, mesenteric

Mammary gland {process females only)

Pancreas

Pituitary #

Prostate # .

Salivary gland, mandibular {2 collected; 1 examined]
Sciatic nerve

Seminal vesicle (2) #

Sketctal muscle, biceps femoris

Skin

Spinal cord [cervical, thoracic, and lumbar)

Spleen #

Thymus #

Thyroidiparathyroid (2) #

Tongue

Trachea

Urinary bladder

Uterus [both homs] with cervix #

Vagina

# Organ weighed
(2} Paired organ
Appears This Way
On Originail
808-018
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Histopathology: Adequate Battery: yes (X ), no( )
Peer review: yes (X ), no( )

Histopathological examinations were conducted on the tissues listed above from all main
study animals at the scheduled necropsies.

Toxicokinetics: Blood samples were collected via the orbital sinus on Day 1 and 14 prior
‘to dosing and at 0.25, 0.5, 1, 4, and 24 hours postdose.

Results:
Mortality: There was no mortality.

Clinical Signs: There were no significant treatment-related clinical signs.

Body Weights: The mean initial and final body weight of control males were 246.0 and
262.5 g, respectively. The mean initial and final body weight of control females were
160.2 and 167.4 g, respectively. There were no treatment-related changes.

Food Consumption: The mean initial and final food consumption in control males were
18.88 and 16.93 g/animal/day, respectively. The mean initial and final food consumption
in control females were 12.50 and 11.96 g/animal/day, respectively. There were no
treatment-related changes.

Ophthalmoscopy: There were no treatment-related changes.

Hematology: There were no treatment-related changes.

Clinical Chemistry: No treatment-related effects on clinical chemistry parameters were
observed.

Urinalysis: No differences in urinalysis between control and treated groups were
observed.

Gross Pathology: No test article-related macroscopic observations were noted in either
sex.

Organ Weights: No significant treatment-related changes in organ weights were
observed in either sex.

Histopathology: There were no significant treatment-related changes.
Toxicokinetics: Exposure to ADL 08-0011 increased in a dose-related manner. Females

showed higher exposure than males. The toxicokinetic parameters of ADIL 08-0011 are
shown in the following table (from page 199 of sponsor’s submission).
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ADL 08-0011 Toxicokinetic Parameters Following Daily Intravenous
Bolus Injection of ADL 08-0011-0 to Rats for 14 Days
Dosage level Cmax® AUC(0-4 hr) AUC{0-24 hr)
(mgfkgiday) | Sex Day (ng/mi) (ngehr/mL) {ngehr/mlL)
2 M i 595 379 412
F l 827 590 642
M 14 684 396 473
F 14 761 695 795
4 M 1 1530 950 1020
F i 1700 1130 1250
M 14 1120 1930 1970
F 14 1440 2230 2300
8 M 1 2690 1940 2070
F 2840 2490 2900
M 14 1880 2930 3040
F 14 2850 4010 4140
@ Cmax was observed at 13 minutes, the first blood collection time point after
dosing
808-018 FINAL Page 8

In a 2-week i.v. toxicity study in rats, animals received an i.v. bolus injection of ADL 08-
0011 at 2, 4, and 8 mg/kg/day. The target organ could not be identified in the absence of
any significant organ toxicity. The NOAEL may be considered as 8 mg/kg/day. The
mean Cmax and AUCo.4, value at 8 mg/kg/day at Day 14 was found to be approximately
2365 ng/ml and 3590 ng.hr/m! (approximately 2 times human AUC at the proposed
dose), respectively (mean AUCy. o and Cmax for ADL 08-0011 in humans following oral
dose of 12.mg b.i.d. dose for 4.5 days were 1642.5 ng.hr/ml and 35.73 ng/ml,
respectively, from study 14CL119).

1-Month Subacute Oral Toxicity Study of Alvimopan in Fischer 344 Rats (Study Nos.
R02893 and R02993) ’
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SUBACUTE TOXICITY:

1. One pmopnth subacute oral toxicity of LY246736 dlhxd;ate in
Fischer 344 rxats (Study Nos. 2893 and R02993).

A Page 14
estin tory:

Sponsor’s laboratory

Compliance with G orato i uality Assurance

Requirements:

Sponsor provided statements of compliance with good laboratory

practice regulations and quality assurance reguirements for this
noncllnlcal laboratory study.

Study Started: January 13, 1993
Study Completed: August 27, 1993

Animals: Male (106.5 * 4.0 g, mean * SD) and female (88.5 % 4.4
g) Fischer 344 rats, initial ages were 6 to 7 weeks.

Methods: LY246736 dihydrate was orally administered by gavage at
doses of 0, 50, 100 and 200 mg/kg, once daily for 1 month, to
four groups of 20 rats each. Each group consisted of 10 M and 10
F rats. Vehicle was 10% aqueous acacia solution.

Animals were examined daily for survival, general physical
condition and behavior. A detailed examination was performed
weekly.

Rats were weighed weekly and food consumption was determined
weekly.

Hematologic parameters were determined from blood samples
collected at termination of the study from the abdominal aorta
for determination of activated partial thromboplastin time and
prothrombin time and from the orbital plexus for all other
hemotological parameters.

Blood chemistry parameters were determined from blood samples
collected at termination of the study from the orbital plexus.

Urine was collected for approximately 16 hours near the end of
the live-phase of the experiment., Urinalysis was performed and
microscopic examinations were performed on any samples with an
abnormal appearance or with results outside the established
laboratory reference ranges for protein, occult blood, or
bulirubin.

Organ weights were determined at termination of the study.

Gross pathological examinations and histopathological evaluations
were done at termination of the study.

Blood was collected from 3 designatea animals/sex/time point for
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determination of plasma concentrations of LY246736 on Day 0 and
Day 29. . :

Results:

1. Observed Effects: No treatment-related clinical signs were
observed during this study.

2. Mortality: None.

3. Body Weight: No treatment-related changes in body weight
occurred during this study..

4. Food Consumption: No treatment-related changes in food
consumption occurred during this study.

5. Hematoloqgy: The following hematological parameters were
statistically different from control values and are ggpressed as
% of control. In malf rﬁts, neutrophil count (10 /m@), s
thrombocyte count (10"/mm”) and erythrocyte count (10" /mm’) were
significantly lower (16%, 50% and 6%, respectively) in the 200
mg/kKg group. In female rats, prothrombin time (sec) was
significantly lower (4%) in the 200 mg/kg group.

6. Blood Chemistry: The following blood chemistry parameter was
statistically different from the control value and is expressed
as ¥ of control. In female rats, triglyceride levels (mg/dl) were
significantly lower (15%) in the 200 mg/kg group.

7. Urinalysis: No treatment-related changes in urinalysis
parameters were seen in this study.

8. Vita igns/Physical Examination/oOpht] 3 i i ECG:
No data were provided.

9. Organ Weights: No treatment-related changes in organ weights
were seen in this study.

10. Gross Pathology : No treatment-related incidents of gross
pathology were seen in this study.

11. Histopathology: No treatment-related histological changes:
were seen in this study.

12. Plasma levels of the Drug: Blood samples were collected at
0.25, 0.5, 1, 2 and 4 hours on Days 0 and 29. The mean plasma
levels of LY246736 dihydrate for males and females on Days 0 and
29 ranged from 2.8 to 20.5 ng/ml, and the overall average was 13
ng/mil. :

In summary, the maximum no effect oral dose of LY¥246736 dihydrate
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in rats was 100 mg/kg. A few hematological and blood chemistry
parameters in the 200 mg/kg group were significantly different
from control values, but associated quantitative differences were
rglagiyely moderate and may not reflect any biological
S}gn1f1cance. The doses of LY246736 dihydrate that were employed
did not allow the identification of any target organs for
toxicity. 1In order to elucidate clinical signs of toxicity and
target organs for toxicity, the sponsor would need to repeat the
study while using sufficiently higher doses of LY246736
dihydrate. Plasma levels of LY246736 dihydrate reflected poor
absorption from the gastrointestinal tract.

Stu’dv Title: 4-Week Oral Toxicity Study of Alvimopan in Fischer Rats

Key Study Findings: In a 4-weck oral gavage toxicity study in Fischer 344 rats, animals
received oral doses of alvimopan at 100, 250 and 500 mg bid or 200, 500 and 1000
mg/kg/day for 4 weeks. There was no significant organ toxicity. - The NOAEL was
considered as 1000 mg/kg/day.

Study No.: 808-012/14TX006

Volume # and Page #: EDR NDA 21-775: Pharmtox\tox\808-012.pdf

Conducting Laboratory and'Location: TS

Date of Study Initiation: March 15, 2002

GLP Compliance: A statement of compliance was included.

5. )A Report: yes (X )no( )

Drug, Lot #, and % Puritv: Alvimopan, Lot No. R009340, 98.9%

Methods: Three groups of ten male and ten female rats (n = 10/sex/group) were
administered the test article via oral gavage twice daily (approximately four hours apart)
for 28 consecutive days at 0, 200, 500, and 1000 mg/kg/day (100, 250, and 500
mg/kg/dose). Control animals received the vehicle, 10% (w/v) suspension of Gum
Acacia, NF. The dose volume was 10 ml/kg for all groups. In addition, three
toxicokinetic (TK) groups of eight male and eight female rats were utilized to measure
plasma levels of alvimopan at designated time points on Days 1 and 32.

Doses: 0, 200, 500 and 1000 mg/kg/day (100, 250 and 500 mg/kg bid) by oral
gavage for 28 consecutive days

Basis of Dose Selection: The doses were selected based on the results of previous
studies (details were not provided).
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Species/Strain: Fischer 344 rats

Number/Sex/Group (Main Study): 10/sex/group

Route, Formulation, Volume: Oral (gavage), suspension in Gum Acacia, NF, 10
kg -

Satellite Groups for Toxicokinetics or Recovery: 8/sex/group

Age: 8 weeks
Study Design: The following table shows the study design (from page 13 of the
study report).
Group Assignments
Group Dose Level Number of Animals
Number (mg/kg/day) Male Female
Main Stedy

1 0 10 10

2 200 10 10

3 500 10 10

4 1000 10 10

Toxicokinetic

5 200 8 8

6 500 8 8

7 1000 8 8

Observation and Times: -

Mortality: All animals were examined twice daily for mortality.
Clinical Signs: All animals were examined once daily for clinical signs.

Body Weights: Body weights were recorded on a weekly basis.

Food Consumption: Food consumption was recorded on a weekly basis.

Ophthalmoscopy: Ophthalmoscopic examinations were conducted during week -2 and 4.

Hematology: Blood samples were taken at termination for hematology from all main
study animals.
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Clinical Chemistry: Blood samples were taken at termination for serum chemistry from
all main study animals.

Urinalysis: Urine samples were taken at termination for urinalysis from all main study
animals.

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following organs were weighed from all main study animals at
necropsy (from page 216 of the report):

Appears This Way
On Original
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Adolor Corporation ENTEREG™ (alvimopan} NDA 21-775
' 216

The following list constitutes the full complement of organs and tissues:

Adrenal (2) #

- Aorta

Bone with marrow {femur]

- Bone with marrow {sternum)

'

Lacrimal gland, exorbital (2)

Liver {3 sections collected; 2 examined] #

Lung {2 sections examined]

Lymph node, mandibular {2 collected; 1 examined]

v

¢

- Bone marrow smear ' {2 collected) - Lymph node, mesenteric
- Brain [cercbrum, midbrain, cerebellum, - Mammary gland {females only])
medulla/pons] # - Pancreas
- Eye including optic nerve (2) - Pituitary #
- Gastrointestinal tract: - Prostate #
esophagus - Salivary gland, mandibular {2 collected; I examined)
stomach [glandular and nonglandular] -: Sciatic nerve
duodenum - - Seminal vesicle (2) #
jejunum - Skeletal muscle, biceps femoris
ileum - Skin
cecum - Spinal cord {cervical, thoracic, and lumbar]
colon - Spleen#
rectum - Thymus #
- Gonads: - Thyroid/parathyroid (2) #
ovary (2) # - Tongue
testis (2) # - Trachea
epididymis (2) - Urinary bladder
« Gross lesions - Uterus fbeth horns] with cervix #
- Hardenian gland (2) - Vagina
- Heart#
- Kidney (2)#

*Bone marrow smears were collected at the scheduled sacrifice and held.
# Organ weighed :
{2) Paired organ

808-012

263
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Histopathology: Adequate Battery: yes (X ), no( )
Peer review: yes(X), no( )

Histopathological examinations were conducted on the tissues listed above from all main
study animals in the control and high dose groups.

Toxicokinetics: Blood samples were collected prior to dosing and at 0.25, 1, 4, 24, 48,
72, and 96 hours postdose on Days 1 and 32.

Results:

Mortality: There was no mortality.

Clinical Signs: There were no significant treatment-related clinical signs.

Body Weights: The mean initial and final body weight &f control males were 263.3 and
273.9 g, respectively. The mean initial and final body weight of control females were
156.4 and 166.9 g, respectively. There were no treatment-related changes.

Food Consumption: The mean initial and final food consumption in control males were
15.68 and 15.43 g/animal/day, respectively. The mean initial and final food consumption

in control females were 10.55 and 10.66 g/animal/day, respectively. There were no
treatment-related changes.

Ophthalmoscopy: There were no treatment-related changes.

Hematology: There were no treatment-related changes.

Clinical Chemistry: No treatment-related effects on clinical chemistry parameters were
observed. ' '

Urinalysis: No differences in urinalysis between control and treated groups were
observed.

Gross Pathology: No test article-related macroscopic observations were noted in either
Sex. - ‘

Organ Weights: No treatment-related changes in organ weights were observed in either
sex.

Histopathology: There were no significant treatment-related changes.
Toxicokinetics: Mean plasma concentrations of alvimopan were minimal. ADL 08-0011

was generally detectable in plasma up to 96 hours post dose. Animals were exposed to
ADL 08-0011 to a greater extent than to alvimopan and exposure to ADL 08-0011 was
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higher in females than in males. The toxicokinetic parameters of alvimopan and ADL
08-0011 are shown in the following table (from page 249 of spensor’s submission).

Adolor Covporation ENTEREG™ (alvimopan)
202

Alvimepan Toxicokinefic Parameters Following Twice
Daily Oral Administration of Alvimopan to Male and

Female Rats for 28 Days
Dosage level Cmax Tmax AUC(0-24 hr)
(mg/kg) “Sex | (ng/ml) (hr) _{ngehr/ml)
100 d M 1.52 1 Too2sa
. F 5.16 1 54.1
250 bid M 2.722 4 476
F 4.808 1 46.7
s00bid | M 137 1 542
3 8.01 0.25 §13

Note: Rats were initially administered a singte dosc of alvimopan,
then after 96 hour the rats were dosed twice daily (approximately 4
hours apart) for 28 days; parameters determined after the second
daily dose

a: Cmax over the first 24 hours post dose

ADL 08-0011 TFoxicokinetic Parameters Following Twice
Daily Oral Administration of Alvimopan to Male and
o Female Rats for 28 Days
Dosage level Crnax Tmax AUC(0-24 hr)
{mg/kg) Sex {ng/mL) {(hr) (ngebr/mlL)
| 100 bid M 180 Predose 310
F 86.1 Predose 1090
250 bid M 233 24 427
F 50.2 Predose - 644
500 bid M. 326 Predose 358
) F 58.3 Predase 904
Note: Rats were initially administered a single dose of alvimopan,
then after 96 hour the rats were dosed twice daily (approximately 4
hours apart) for 28 days; parameters determined after the second
daily dose

96

NDA 21-775



Reviewer: Tamal K. Chakraborti, Ph.D. NDA No. 21-775

In a 4-week oral gavage toxicity study in Fischer 344 rats, animals received oral doses of
alvimopan at 100, 250 and 500 mg/kg bid or 200, 500 and 1000 mg/kg/day for 4 weeks.
The target organ could not be identified in the absence of any significant organ toxicity.
The NOAEL may be considered as 1000 mg/kg/day. The mean Cmax and AUCo4p, value
at 1000 mg/kg/day was found to be approximately 7.7 ng/ml and 67.75 ng.hr/ml,
respectively, which is about 1.7 times the human AUC at the proposed therapeutic oral
dose (mean AUCy.;2, and Cmax for alvimopan in humans at oral dose of 12 mg b.i.d.
dose were 40.2 ng.hr/ml and 10.98 ng/ml, respectively. Data obtained from study
14CL119).

6-Month Oral Toxicity Study in Rats (Study No. R04393)

-

6-Month Oral Toxicity Study in Rats (Study No. R04393)

Testing Laboratory:

Date Started: June 17, 1993
Date Completed: December 17, 1993

GLP Compliance: A statement of compliance is included.

Animals: Fischer 344 rats (both sexes) were used in this study. Animals were approximately 6
to 7 weeks old and the initial mean body weights for males and females were 115.8 gand 94.8 g,
respectively.

Drug Batch: ADLS-2698, Lot 284MH2.

rs This Way
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Methoads: Fischer rats (16/sex/group) were administered orally by gavage at single daily doses
of 50, 100 and 200 mg/kg for a 6-month period at a dose volume of 5-mi/kg. The control
animals received 10% aqueous acacia vehicle. The doses were selected based on the results of a
previous l-month oral (gavage) toxicity study in Fischer rats at 0, 50, 100, or 200 mg/kg dose
fevels. There were no treatment-related changes in clinical signs, body weight, gross or
histopathology. The doses selected for the current study were the same as those used in the 1-
month oral toxicity study. In this study, the high dosé of 200 mg/kg was selected because
previous data indicated saturation of absorption at oral doses higher than 200-mg/kg. Animals
were monitored daily for clinical signs of toxicity and moribundity/mortality. Body weight and
food consumption was recorded weekly. Blood samples were collected from 10
rats/sex/treatment at approximately 3 months and from alf surviving animals at necropsy for
hematology and clinical chemistry. Urinalysis was also done according to the above schedule.
Rats were sacrificed at the end of the treatment period and subjected to a gross necropsy (all
rats). The fotlowing organs were weighed: kidneys, liver, heart, spleen, ovaries, testes, prostate,
adrenals, thyroid with parathyroid, brain, uterus, and pituitary.~Histopathological examinations
were done on the following tissues collected from all animals: adrenals, aorta, bone (femur and
sternum) and bone marrow, brain stem, cerebrum, cerebellumn, epididymides, esophagus, eyes,
Harderian gland, heart, large intestine (cecum, colon, rectum), small intestine (duodenum, ileum,
jejunumy), kidneys, liver, lungs, lymph nodes, mammary glands, ovaries, pancreas, parathyroid.
peripheral nerve (sciatic), pituitary gland, prostate, salivary gland, seminal vesicle, skeletal
muscles, skin, spinal cord, spleen, stomach, testes, thymus, thyroid, tongue, trachea, urinary
bladder, uterus plus cervix, and vagina.

Results:
1. Observed Effects: No treatment-related effects were observed.

2. Mortality: One male at 100 mg/kg died due to gavage accident. There was no other
mortality.

3. Body Weight: The mean initial (Day -1) and final (Day 180) body weights of control males
were 116.2 g and 411.8 g, respectively. The mean initial (Day -1) and final {Day 180) body
weights of control females were 95.8 g and 214.9 g, respectively. There were no treatment-
refated changes in body weight. The growth curves are shown below:
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4. Foed Consumption: The mean initial (Day -1) and final {Day 180) food consumption of
control males were 14.8 g/day and 17.7 giday, respectively. The mean initial (Day -1) and
final (Day 180) food consumption of control females were 12.3 g/day and 12.4 g/day,
respectively. There were no treatment-refated changes in food consumption.

3. Hematologyv: No drug-related effects were observed.

6. Clinieal Chemistry: No treatment-related changes were observed.

7. Urinalysis: No treatment-refated changes were observed.

8. Organ Weights: The organ weights were changed for the following organs in-males:
prostate {absolute: 110% of control, control = 802.8 mg; relative to body weight: 110% of
control at 100 mg/kg and 113% of control at 200 mg/kg, control = 196.3 mg/100 g). kidney
(relative to body weight: 103 to 104 % of control at 100 t0-200 mg/kg, control = 552.9
mg/100 g), and brain (relative to body weight: 103 to 104% of control at 50 to 200 mg/kg,
control = 474.1 mg/100 g). No other significant treatment-related changes were observed.

9. Gross Pathology: No treatment-related changes were observed.
0. Histopathology: No treatment-related changes were observed.

11. Toxicokinetics: Blood samples were drawn from rats (3/sex/group/time point) at 1 and 24
hours postdose after 3 and 5 months of daily dosing. The plasma was anatyzed for ADLS8-2698
using a validated HPLC/MS method. ADLS-2698 was not detected in the plasma of either sex
after 3 months of treatment. Following 5 months of daily treatment, ADL8-2698 in male rats
was not detectable at one hour after all dose levels. At 24 hours postdose at 200 mg/kg, 2 mean
plasma concentration of 21 ng/ml was observed in males. However, in females, detectable level
of drug was observed at both the time points at 100 (52.4 ng/mi at 1 h and 21.2 ng/mi at 24 h)
and 200 (62.3 ng/ml at 1 hand 27.9 ng/ml at 24 hy mg/kg dose levels. There was no dose
proportionality at 100 and 200 mg/kg doses.

In a 6-month oral toxicity study of ADL8-2698 in rats, animals were treated with ADLS-2698 at
0, 50, 100, and 200 mg/kg/day dose levels. The no observed effect level (NOEL) may be
considered as 200 mg’kg. The above-mentioned doses did not allow the identification of any
target organ of toxicity. There was no mention whether the highest tested dose was the maximum
feasible dose. However, previous data indicated saturation of absorption at oral doses higher than
200-mg/kg. In addition, intravenous studies in rats and dogs showed very low order of toxicity at
plasma concentrations that were 100 times greater than that obtained after oral dose in rats. It is
to be mentioned here that previous acute oral toxicity studies in mice and rats, LY246736 did not
produce any lethality or clinical signs of toxicity at 500 mg/kg dose. '
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Dog

A Subchronic Toxicity Study With Alvimopan Administered Orally to Beagle Dogs for 1
Month (Study No. TOX RPT 9/D02793)

3. One month subacute oral toxicity of LY246736 dihydrate in
Beagle dogs (Study No. D02793).

Testing Laboratory:

Sponsor’s laboratory.

Compliance with Good Laboratory Practices and Quality Assurance
Requirements:

Sponsor provided statements of compliance With good laboratory
practice regulations and quality assurance requirements for this
nonclinical laboratory study.

Study Started: January 26, 1993

Study Completed: August 13, 1993

Animals: Male (9.1 % 0.8 kg, mean + SD) and female (8.9 * 0.4
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Kg) Beagle dogs; initial ages were 8 to 11 months

Methods: LY246736 dihydrate was orally administered at doses of
o, 19, 30 and 100 mg/kg, once daily for 1 month, to four groups
of six dogs each. Each group consisted of 3 M and 3 F dogs.

LY246736 dihydrate was prepared in a PEG  wmswmmseonsrsmons:
and administered in gelatin capsules.

All dogs were observed frequently on the first day of drug
administration. Thereafter, animals were observed several times

daily during the week and at least once on weekends and company
holidays.

Body weights were recorded before study initiation, at weekly
intervals during drug administration and at study termination

Food consumption was estimated visually each day.
Hematological parameters were determined twice before study
initiation, at week 1 and near study termination.

Clinical chemistry parameters were determined twice before study
initiation, at week 1 and near study termination. Enzyme
induction by LY246736 dihydrate was assessed by determining the
activities of the hepatic enzymes 7-ethoxyresorufin O-deethylase
and benzphetamine N-demethylase, and by measuring total hepatic
cytochrome P-450 content. '

Urinalysis was done at pretest and near study termination.

Physical examinations and ophthalmic examinations were done
pretest and near the end of the study. ECGs were obtained at
pretest and at 0 and 0.5 hours after drug administration on day
2, Week 2 and near study termination.

Organ weights were determined at tgrmination of the study.

Gross pathological examinations and histopathological evaluations
were done at termination of the study. Plasma concentrations of
LY246736 were determined 5 minutes after drug administration on
Day 1, Day 15 and near study termination.

Results:

1. Observed Effects: In the 10 mg/kg group, no treatment-related
clinical observations were seen.

In the 30 mg/kg group, one male had 1 incident of emesis and 1
female had 6 incidents of emesis. One male had 1 incident of
mucoid stool. One male had 2 incidents of soft stool. One female
had 5 incidents of swollen vulva. One female had 3 incidents of
swollen vulva with discharge.
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In the 100 mg/kg group, one male had 5 incidents of emesis and
two females had a total of 3 incidents of emesis. One male had 1
incident of mucoid stool. Two males had a total of 4 incidents of
soft stool and two females had a total of 3 incidents of soft
stool. One female had 1 incident of runny stool. 1 female had 8
incidents of swollen vulva. One female had 6 incidents of swollen
vulva with discharge.

2. Mortality: None.

3. Body Weight: No treatment-related changes in body weight
occurred during the study.

4. Food Consumption: No treatment=related changes in food
consumption occurred during the study.

5. Hematology: No treatment-related changes in hematologic
parameters occurred during the study. "
6., Blood Chemistry: No treatment-related changes in blood
chemistry occurred during this study. No significant changes
were seen in 7=ethoxysorufin O=deethylase or benzphetamine N-
demethylase activities, or in total hepatic cytochrome P-450
content.

7. Urinalysis: No treatment-related changes in urinalysis
parameters occurred during this study.

8. Vital signs/Physical Examination/Ophthalmic Examination/ECG:
No treatment-related clinical findings were revealed by the
physical examination conducted at the end of the study. No
ophthalmic abnormalities were found. LY246736 dihydrate had no
effect on cardiac rate, rhythm, conduction, or repolarization.

9. Organ Weights: No treatment-related changes in organ weights
were seen.

10. Gross Pathology: No treatment-related changes in gross
pathology were seen.

11. Histopathology: No treatment-related histologic changes
were seen.

12. Plasma Levels of the Drug: Plasma concentrations of
LY216736 dihydrate were determined at 0.5, 1, 2, 4, 8, 12 and 24
hours after drug administration on Days, 1 and 28. On Day 1, the
mean peak plasma levels (C.,) were 30.9 #14.9 ng/ml (mean SE) -
for the 10 mg/kg group, 74.6 % 15.6 ng/ml for the 30 mg/kg group
and 92.9 + 10.6 ng/ml for the 100 mg/kg group. In general, peak
plasma levels occurred 4-12 hours after LY246736 dihydrate
administration. On Day 28, the mean peak plasma levels were 27.0
+ 5.5 ng/ml for the 10 mg/kg group, 92.1 % 9.0 ng/ml for the 30
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mg/kg group and 133.5 * 29.3 ng/ml for the 100 mg/kg group.

In summary, the maximum no effect oral dose of LY246736 dihydrate
in dogs was 100 mg/kg. The only clinically relevant observations
were incidents of emesis and diarrhea. The doses of LY246736
dihydrate that were employed did not allow the identification of
any target organs for toxicity. In order to elucidate clinical
signs of toxicity and target organs for toxicity, the sponsor
would need to repeat the study while using sufficiently higher
doses of LY246736 dihydrate. Plasma levels of LY246736 dihydrate
reflected poor absorption from the gastrointestinal tract. :

A Subchronic Toxicity Study in Beagle Dogs Given Dailv Intravenous Doses of
Alvimopan for 1 Month (Study No. TOX RPT 8/D04992)

On Origingy
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2. One month subacute i.v. toxicity of LY246736 dihydrate in
Beagle dogs (Study No. D04992). IR
Testing Laboratory:

Sponsor‘’s laboratory.

ia ith Good bo actices and Oual Assurance
Require ts:

Sponsor provided statements of compliance with good laboratory

practice requlations and quality assurance requirements for this
nonclinical laboratory study,

d arted: November 13, 1992
Study Completed: August 13, 1993

Animals: Male (6.8 £ 0.9 kg, mean % SD) and female (8.6 * 1.9
kg) Beagle dogs; initial ages were 7 to 12 months.

Methods: LY246736 dihydrate was 1ntravenously administered at
doses of 0, 0.05, 0.2 and 2.0 mg/kg, once daily for 1 month, to
four groups of six doys each. Each group consisted of 3 M and 3
F dogs. Vehicle was Sterile Water for Injection, USP with pH
adjusted to approximately 10.5 with NaOH.

All dogs were observed frequently on the first day of drug
administration. Thereafter, animals were observed several times
daily during the week and at least once on weekends and company
holidays.

Body weights were recorded before study initiation, at weekly
intervals during drug administration and at study termination

Food consumption was estimated visually each day.

Hematological parameters were determined twice before study
initiaticon, at week 1 and near study termination.
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Clinical chemistry parameters were determined twice before study
initiation, at week 1 and near study termination. Enzyme

induction by LY246736 dihydrate was assessed by determining the
activities of the hepatic enzymes 7-ethoxyresorufin O-deethylase

and benzphetamine N-~demethylase, and by measuring total hepatic
cytochrome P-450 content.

Urinalysis was done at pretest and near study termination.

Physical examinations and ophthalmic examinations were done
pretest and near the end of the study. ECGs were obtained at
pretest and at 0 and 0.5 hours after drug administratlon on day
2, Week 2 and near study termination.

organ weights were determined at termination of the study.

Gross pathological examinations and histopathological evaluations
were done at termination of the study. Plasma concentrations of
LY246736 were determined 5 minutes after drug administration on
Day 1, Day 15 and near study termination.

Results:
1. Observed Effects: No treatment-related clinical signs were

observed during the study. One male dog, given 2.0 mg/kg of
1Y246736 dihydrate, had one instance of soft, mucoid stool on Day
23.

2. Mortality: None

3. Body Weight: No treatment-related changes in body weight
occurred during the study.

4. Food Consumption: No treatment-related changes in food
consumption occurred during the study.

. Hematology: In the 2.0 mg/kg group, exrythrocytes (10 /mm)
and hemoglobin (g/dl) were significantly decreased (14% and 15%,
respectively) in females and prothrombin time (secs) was
significantly decreased (5%) in males.

6. Blood migtr No treatment-related changes in blood
chenistry were seen. No significant changes were seen in 7-
ethoxysorufin o—deethylase or benzphetamine N-demethylase
activities, or in total hepatic cytochrome P-450 content.

7. Uripalysis: No treatment-related changes in urinalysis
parameters were seen.

8. Vital Signs/Physical Examination/Ophthalmic Examination/ECG:

No treatment-related clinical findings were revealed by the
physical examination conducted at the end of the study. No
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ophthalmic abnormalities were found. LY246736 dihydrate had no
effect on cardiac rate, rhythm, conduction, or repolarization.

9. Orgaﬁ Weights: No treatment-related changes in organ weights
were sSeeéen.

-10. Gross Pathology: No treatment-related changes in gross
pathology were seen.

12.  Histopathology: No treatment-related histologic changes were
seen

12. Plasma Levels of the Drug: Plasma concentrations of
LY246736 dihydrate, observed 5 minutes after i.v. administration,
were approximately 120 ng/ml at 0.05 mg/kg, 430 to 520 ng/ml at
0.2 mg/kg and 3500 to 4000 ng/ml at 2.0 mg/kg. The half~life of
LY246736 dihydrate at all doses was approximately 10 minutes.
Plasma levels were proportional to dose, similar in males and
females, and did not significantly change over the one month of
treatment.

In summary, the maximum no effect i.v. dose of LY246736 dihydrate
in dogs was 0.2 mg/kg. A few hematological parameters in the 2.0
mg/kg group were significantly different from control values, but
associated quantitative differences were relatively moderate and
may not reflect any biological significance. The doses of
LY246736 dihydrate that were employed did not allow the
identification of any target organs for toxicity. 1In order to
elucidate clinical signs of toxicity and target organs for
toxicity, the sponsor would need to repeat the study while using
sufficiently higher doses of LY246736 dihydrate. Plasma levels
of LY246736 dihydrate reflected relatively short half-lives.

Study Title: 4-Week Oral Toxicity Study of Alvimopan in Beagle Dogs

Key Study Findings: In a 4-week oral (capsule) toxicity study of alvimopan in beagle
dogs, animals were treated at 0, 100, 250, 500 and 1000 mg/kg/day for 4 weeks. The
target organ of toxicity could not be identified in the absence of any organ toxicity. The
NOAEL appeared to be 1000 mg/kg/day.

Study No.: 808-011

Volume # and Page #: EDR NDA 21-775: pharmtox\tox\808-011.pdf

Conducting Laboratory and Location: s ooy

Date of Study Initiation: March 22, 2002

GLP Compliance: A statement of compliance was included.

QA Rep(_)rt: yes(X)no( )
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Drug, Lot #, and % Purity: Alvimopan, R009340, 98.9%

Methods: This study was conducted to examine the potential toxicity of alvimopan
following twice daily oral capsule administration in beagle dogs for four consecutive
weeks. Four groups of five male and five female dogs (n = 5/sex/group) were
administered alvimopan twice daily (approximately four hours apart) via gelatin capsules
for four consecutive weeks at 100, 250, 500, and 1000 mg/kg/day (50, 125, 250, and 500
mg/kg bid). Control animals (three male and three female dogs) received empty gelatin
capsules. All dogs received a single dose on Day 1 followed by four days of blood
collection for toxicokinetic (TK) analysis and then began 28 consecutive days of twice
daily dosing on Day 5. Following the second dose on Day 32 (28 days of dosing), the
control group and the first three dogs/sex/treatment group were euthanized. The
remaining two dogs/sex/treatment group remained on study to conduct the 48, 72, and 96
hour toxicokinetic collections and then the dogs were euthanized without further
evaluation. ’

Doses: 100, 250, 500, and 1000 mg/kg/day (50, 125, 250, and 500 mg/kg bid) by

oral route (capsule) '

Basis of Dose Selection: Doses were selected based on the results of previous
studies. However, details of these previous studies were not mentioned.

Species/Strain: Beagle dogs

Number/Sex/Group (Main Study): S/sex/group for alvimopan and 3/sex/group for
control

Route and Formulation: Oral, Capsule

Satellite Groups for Toxicokinetics or Recovery: None

Age: Five to six months

Study Design: The following tablé shows the study design (from page 70 of the
report of sponsor’s submission).
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A Group Assignments
Group Dose Level Number of Animals
Number {mg/kg/day) Male Female
1 0 3 3
2% 100 3 5
3* 250 5 5
4 500 5 5
S* 1000 5 5
*The last two dogs/sex/treatment group (highest animal numbers in Groups 2-5) were
 bled at 48, 72, and 96 hours postdose (of the second daily dose) following the last day
of dosing. These animals were not necropsied, but were cuthanized and discarded.

Observation and Times:

Mortality: All animals were examined twice daily for mortality.
Clinical Signs: All animals were examined once daily for clinical signs.
Body Weights: Body weights were recorded on a weekly basis.

Food Consumption: Food consumption was recorded on a daily basis.

Ophthalmoscopic Examinations: All animals were examined at pretest and again prior to
necropsy.

Electrocardiographic Examinations: All dogs received an electrocardiographic (ECG)
examination at pretest and again prior to necropsy.

Hematology: Hematology examinations were conducted on all animals at pretest and
prior to termination. ’

Clinical Chemistry: Clinical chemistry was conducted on all animals at pretest and prior
'to termination.

Urinalysis: Urine analyses were conducted on all animals at pretest and prior to
termination.

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following table (from page 393 of sponsor’s submission) shows the
organs that were weighed (as indicated by #) from all animals at necropsy:
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The following list-constitutes the full complement of organs and tissues:

Adrenal (2)#
- Aorta
Bone with marrow {femur)
Bone with marrow [rib)
- Bone with marrow [sternum)
Bone marrow smear’
Brain [cerebrum, midbrain, cerebellum,
medulla/ponsp#
Eye including optic nerve (2)
Gallbladder N
Gastrointestinal tract:
" esophagus
stomach {cardia, fundus, pylorus]
duodenum
Jejunum
ileum
cecum
colon
rectum
Gonads:
ovary (2)#
testis (2)# with epididymis (2)
Gross lesions

t

‘

a

»

y

Heart#

Kidney (2)#

Liver [3 sections collected, 2 examined}
Lung with mainstem bronchi (2)
Lymph nodes: mandibular (2}, and mesenteric
Mammary gland [process females only)
Nictitans gland (2)

Pancreas:

Pituitary#

Prostate#t.

Salivary giand, mandibular (2)

Sciatic nerve

Skeletal muscle, biceps femoris

Skin

Spinal cord {cervical, thoracic, and fumbar]
Spleen#

Thymus#

Thyroid/parathyroid (2)#

Tongue

Trachea

Urinary bladder

Uterus [both horns}/Cervix#

Vagina

*Bone marrow smears were collected at the scheduled sacrifice and M/E ratios were calculated for all animals in

Groups 1 and 5.

(2) Paired organ
#Weighed

Histopathology: Adequate Battefy: yes (X ), no( )

Peer review:

yes (X), no ()

Histopathological examinations were conducted on the tissues shown in the above table
of sponsor’s submission from all dose groups at the scheduled necropsies.

Toxicokinetics: Blood samples were collected from all animals for the determination of
the plasma concentrations of alvimopan. Blood samples were collected from the jugular
vein at predose and at 0.25, 1, 4, 8, 24, 48, 72, and 96 hours postdose on Day 1 following
a single dose administration. Blood samples were collected on Day 32 from all surviving
animals at predose and at 0.25, 1, 4, 8, and 24 hours postdose following the second daily
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dose and from two dogs/sex.from each treatment group (Groups 2-5) at 48, 72, and 96
hours postdose of the second daily dose.

Results:

Mortality: There was no mortality.
Clinical Signs: Treatment-related clinical signs included soft, watery, or mucoid feces.
Body Weights: The mean initial and final body weight of control males were 9.17 and

9.68 kg, respectively. The mean initial and final body weight of control females were
9.28 and 10.40 kg, respectively. There were no treatment-related effects.

Food Consumption: The mean initial and final food corisumption in control males were
133.3 and 136.7 g/animal/day, respectively. The mean initial and final food consumption
in control females were 200.0 and 140.7 g/animal/day, respectively. Treated males
appeared to consume more foods than control animals on a daily basis, however, no such
difference was observed in females.

Ophthalmoscopic Examinations: No treatment-related changes were observed.

Electrocardiographic (ECG) Examinations: There were no treatment-related changes.

Hematology: There were no treatment-related changes.

Clinical Chemistry: No treatment-related effects on clinical chemistry parameters were
observed.

Urinalysis: No treatment-related effects on urinalysis parameters were observed.

Gross Pathology: There were no significant treatment-related macroscopic changes seen
in either male or female dogs at the terminal necropsy.

‘ Organ Weights: There were no treatment-related organ weight changes.

Histopathology: There were no treatment-related histopathologic changes.

Toxicokinetics: Plasma concentrations of alvimopan were low and did not exceed 388
ng/ml (at 250 mg/kg) after a single dose and 266 ng/mL (at 250 mg/kg bid) after repeated
dose administration. Plasma concentrations of alvimopan generally declined to <10
ng/ml by 24 hours post dose. Overall, exposure to alvimopan appeared to be dose
proportional up to 500 mg/kg/day but not up to 1000 mg/kg/day. Plasma concentrations
of ADL 08-0011 were minimal (< 30 ng/mL) following oral administration of alvimopan.
Generally, the exposure to alvimopan was found to be greater than ADL 08-0011. The
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mean toxicokinetic parameters for alvimopan and ADL 8-0011 in dogs are shown in the
_ following tables (from 362 and 363 of the report of sponsor’s submission).

Mean & SD (N=5/sex) Alvimopan Toxicokinetic Parameters Following
Twice Daily Oral Administration of Alvimopan to Male and Female
: Dogs for 28 Days
Dosage level Cmax Tmax? | AUC(0-8 hr} | AUC(0-24 hr)
{nafke) Sex {ng/mL) (hr) (ngehr/mL} (hpehs/ml)
50 bid M 763 +£358 4-8 404 £ 193 837418
F 642+212 0-8 270+ 146 4714289
M&F | 702+285 G-8 337176 654 % 390
125 bid M 125+53 0-8 632+ 226 1360 & 560
F 843 +24.3 0-4 498 + 234 - 794 %425
M&F 105+ 44 o~8 565+ 228 1080 % 550
250 bid M 167+ 69 1-8 1000 + 300 225G 1070
F 128+ 83 i-8 7114439 1800 % 1230
M&F 14775 1-8 856 & 3187 2020 % {110
500 bid M 108 % 57 1-8 710 £ 403 1500 = 940
F 155+ 31 4-8 91 £219 2100 £ 420
M&F {3150 1-8 841 % 335 1 800 = 760
Nate: Dogs were initially sdmiristered a single dose, then after 96 hours the dogs
were dosed twice daily (approximately 4 hours aparty for 28 days; paratmeters
determined after the second daily dose
a: Range; 0 corresponds to predose
808-011 FINAL Page 11
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Mean £ SD (N=3-8/sex) ADL 0(8-0011 Toxicokinetic
Parameters Following Twice Daily Oral Administration of
Alvimopan to Male and Female Dogs for 28 Days

Dosage level Cmax Tmax AUC(0-24 hr)
(mg/kg) Sex {ng/mL) {hr) (ngebr/ml)
50 bid M 2.10+£0.85 4-3 384£17.7
F 326532 0-1 68.4 £ 66.1

M&F | 3.68£3.82 0-8 534+463

125 bid M 822621 | 4-24 1324 104
F 1.76£0.61 | 4-24 3312121
M&F | 463 £5.03 | 4-24 77.2£ 828

256bid L M 242128 4-~24 §53.6%23.7
- F 6.57%10.11 §-24 71 887+1496
M&F | 5.02+7.44 4=-24 73.7+£108.3

S00 bid M 3.56+ 1.89 24 583 267
F 5.3+ 758 4-24 100 150
M&F | 4.67+5.89 4-24 84241166

Note: Dogs were initially administered a single dose, then after 96
hours the dogs were dosed twice daily (approximately 4 hours apart}
for 28 days; parameters deterrnined after the second daily dose

a: Range; 0 corresponds to predose

In a 4-week oral (capsule) toxicity study of alvimopan in beagle dogs, animals were
treated at 0, 100, 250, 500 and 1000 mg/kg/day for 4 weeks. The target organ of toxicity
could not be identified in the absence of any organ toxicity. The NOAEL appeared to be
1000 mg/kg/day. The Cmax and AUCq.,4n at 1000 mg/kg/day were 131 ng/ml (about 13
times human Cmax) and 1800 ng.hr/ml (approximately 45 times human AUC),
respectively (mean AUCy.12, and Cmax for alvimopan in humans at oral dose of 12 mg
b.i.d. dose were 40.2 ng.hr/ml and 10.98 ng/ml, respectively).

Study Title: 2-Week Intravenous Toxicity Study of ADL 08-0011-0 in Beagle Dogs

Key Study Findings: In a 2-week intravenous toxicity study of ADL 08-0011-0 (a
metabolite of alvimopan) in beagle dogs, animals were treated at 0.5, 1, and 2 mg/kg/day
for 2 weeks. The target organ of toxicity could not be identified in the absence of any
organ toxicity. The NOAEL appeared to be 2 mg/kg/day.

Study No.: 808-019

Volume # and Page #: EDR NDA 21-775: pharmtox\tox\808-019.pdf

Conducting Laboratory and Location:
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Date of Study Initiation: May 29, 2002

GLP Compliance: A statement of compliance was included.

QA Report: yes(X)no( )

Drug, Lot #, and % Purity: ADL 08-0011-0, 202002, 99.9%

Methods: This study was conducted to evaluate the potential toxicity of ADL 08-0011-0
(amide hydrolysis metabolite of alvimopan) following 2-weeks of once daily intravenous
administration in beagle dogs. Three groups of four male and four female dogs (n =
4/sex/group) were administered the test article once daily via intravenous bolus injection
for two consecutive weeks at 0.5, 1.0, or 2.0 mg/kg/day at a dose volume of 1 ml/kg.
Control animals received the vehicle, 0.9% Sodium Chloride for Injection, USP, at the
same dose volume as the treated groups.

Doses: 0.5, 1.0, 2.0 mg/kg/day, i.v. bolus injection

Basis of Dose Selection: Doses were selected based on the results of previous
studies. However, details of these previous studies were not mentioned.

Species/Strain: Beagle dogs

Number/Sex/Group (Main Study): 4/sex/group

Route and Formulation, dose volume: Intravenous, solution, 1 ml/kg

Satellite Groups for Toxicokinetics or Recovery: None

Age: 4 to 4.5 months -

Study Design: The following table shows the study design (from page 14 of the
report of sponsor’s submission).

Group Assignments
Group Dose Level Number of Animals
Number (mg/kg/day) Male  Female
1 o 4 4
2 0.5 4 4
3 1.0 4 4
4 C 20 4 4
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Observation and Times:

Mortality: All animals were examined twice daily for mortality.
Clinical Signs: All animals were examined once daily for clinical signs.
Body Weights: Body weights were recorded on a weekly basis.

Food Consumption: Food consumption was recorded on a weekly basis.

Ophthalmoscopic Examinations: All animals were examined at pretest and again prior to
necropsy.

lectrocardlog[ap_hlc (ECG) Examinations: All dogs recelved an ECG examination at
pretest and again prior to necropsy.

Hematology: Hematology was conducted on all animals at pretest and prior to
termination.

Clinical Chemistry: Clinical chemistry was conducted on all animals at pretest and prior
to termination.

Urinalysis: Urine analyses were conducted on all animals at pretest and prior to
termination.

Gross Pathology: Gross pathology was conducted at necropsy.

Organ Weights: The following table (from page 393 of sponsor’s report) shows the
organs that were weighed (as indicated by #) from all animals at necropsy:

Appears This way
On Origingj
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The followiﬁg list constitutes the full complement of organs and tissues:

Adrenal (2) #

- Aora

Bone with marrow [femur]

- Bone with marrow [sternum])
Bone with marrow [rib]

. - Bone marrow smear’ [2 collected)

- Brain {cerebram, midbrain, cerebellum,

medulla/pons] #
Eye including optic nerve (2)
Gallbladder
Gastrointestinal tract:

esophagus

stomach [cardia, fundus, and pylorus]

duodenum
jejunum
iloum
cecum
colon
rectum
- Gonads:
ovary (2) #
testis (2) #
epididymis {2)
Gross lesions
- Heart #

[

1

v

14

Injection site {2 coliceted]

Kidney (2) #

Liver [3 sections collected; 2 examined] #

Lung (2 sections examined)

Lymph node, mandibular {2 collected; 1 examined]
Lymph node, mesenteric

Mammary gland [process females only]

Nictitans gland .

Pancreas

Pituitary #

Prostate #

Salivary gland, mandibular (2 collected; 1 examined]
Sciatic nerve

Skeletal muscle, biceps femoris

Skin -

Spinal cord fcervical, thoracic, and lumbar]
Splcen # :

Thymus #

Thyroid/parathyroid (2) #

Tongue

Trachea

Urinary bladder

Uterus [both homs] with cervix #

Vagina

'Bone marrow smears weré collected at the scheduled sacrifice and held.

# Organ woighed
(2) Paired organ:
pears This Wway
On Original
808-019
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Histopathology: Adequate Battery: yes (X ), no ( )
Peer review: yes(X), no( )

Histopathological examinations were conducted on the tissues shown in the above table
of sponsor’s submission from all dose groups at the scheduled necropsies.

Toxicokinetics: Blood samples were collected from the jugular vein at predose and at
0.25, 0.5, 1, 4, and 24 hours postdose on Days 1 and 14.

Results:
Mortality: There was no mortality.
Clinical Signs: There were no significant treatment-related clinical signs.

Body Weights: The mean initial and final body weight 6f control males were 9.365 and
9.675 kg, respectively. The mean initial and final body weight of control females were
7.158 and 7.233 kg, respectively. There were no treatment-related effects.

Food Consumption: The mean initial and final food consumption in control males were
278.39 and 282.82 g/animal/day, respectively. The mean initial and final food
consumption in control females were 256.04 and 233.18 g/animal/day, respectively.
Food consumption was increased in the treated animals during week 1 of the treatment.
In males during week 1, food consumption was found to be 130%, 120% and 126% of
control at 0.5, 1.0 and 2.0 mg/kg/day, respectively. In females during week 1, food
consumption was found to be 118%, 125% and 1115% of control at 0.5, 1.0 and 2.0
mg/kg/day, respectively.

Ophthalmoscopic Examinations: No treatment-related changes were observed.

Electrocardiographic Examinations: There were no treatment-related changes.
Hematology: No treatment-related changes were observed.

Clinical Chemistry: There were no treatment-related effects on clinical chemistry
parameters.

Urinalysis: No treatment-related effects on urinalysis parameters were observed.

Gross Pathology: There were no significant treatment-related macroscopic changes seen
in either male or female dogs-at the terminal necropsy.

Organ Weights: There were no treatment-related organ weight changes seen in either sex
at the terminal necropsy.

Histopathology: There were no treatment-related microscopic lesions in either sex.
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Toxicokinetics: The exposure to ADL 08-0011 appeared to be:dose-related from Days 1
to 14 over the dose range of 0.5 to 2 mg/kg/day. There did not appear to be any gender-
related differences in the exposure to ADL 08-0011 across dose groups. The

toxicokinetic parameters are shown in the following table (from page 203 of the report of
sponsor’s submission).

203
Adelor Corporation ENTEREG™ (alvimopan) NDA 21-775
Mean * SD (N=4) ADL 08-0011 Toxicokinetic Parameters Following Daily
Intravenous Bolus Injection of ADL 03-0011-0 to Male and Female Dogs for
14 Days
Dosage level ? Crmax?® AUC(-4 hr) | AUC@-24 )P
(mg/kg/day) Sex Day (heg/mL) (ngehr/mL) {ngehr/ml)
0.5 M 4 No£ 119 450+ 111 482 & 101
F i 278 36 403 £ 64 403 = 64
M 14 436+ 132 540+ 103 559 £ 113
F 14 479 + 41 478 £ 84 537493
i M i 612k 116 1270 + 480 1320 + 430
13 1 698 £ 87 1040 + 290 1090+ 210
M | 14| 12004540 | 1270%600 17104690
F 4 1240 + 160 1340 £ 210 1620+ 310
2 M 1 12350 % 350 1980+ 510 2450 % 300
¥ 1 1500 + 310 2080 £ 520 2330 % 700
M 14 1890 4 360 2370 + 600 3340+ 650
F 4 1890 % 240 2220 + 640 293G + 960
a: On Day |, Cmax was observed at 15 minutes, the first blood collection time point: after
dosing (except for male dog# 111 and female dog# 113 in the 0.5 mg/kg/day dose group
when Cmax was observed 2t 30 minutes post dose); on Day 14, Cmax was observed at 5
minutes, the first blood collcction time poirit after dosing
b: For individua} animals where the last quantifiable plasma ADL 08-0G11 concentration
was at 4 hours, AUC(0-4 hr) was used to estimate AUC(0-24 hr)

In a 2-week intravenous toxicity study of ADL 08-0011 (a metabolite of alvimopan) in
beagle dogs, animals were treated at 0.5, 1, and 2 mg/kg/day for 2 weeks. There were no
significant toxicology findings to identify the target organ of toxicity. The NOAEL
appeared to be the highest tested dose (2 mg/kg/day). The mean (combined male and
female) Cmax and AUCo.4, value at 2.0 mg/kg/day was found to be approximately 1940
ng/ml (54 times the human Cmax at the proposed therapeutic dose) and 2295 ng.hr/ml
(1.4 times the human AUC at the proposed therapeutic dose of 12 mg b.i.d.), respectively
(mean AUCy.q and Cmax for ADL 08-0011 in humans following oral dose of 12 mg
b.i.d. of alvimopan were 1642.5 ng.hr/ml and 35.73 ng/ml, respectively. Data obtained
from study 14CL119).
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A Chronic Toxicity Study with Alvimopan Administered Orally to Beagle Dogs for 6
Months (Study No. TOX RPT 13/D02393)

6-Month Oral Toxicity Studv in Dogs (Study No. D02393)

Appears This Way
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IND 36, 333

th

Testing Laboratory:

Date Started: August 4, 1993

Date Completed: February 2, 1994

GLP Compliance: A statement of compliance is included.

Animals: Beagle dogs (both sexes) were used in this study. Animals were approximately 6 to

15 months old and the initial mean body weights for males and females were 10.0 kg and 9.1 kg,
respectively.

Drug Batch: ADL8-2698, Lot 284MH2.

Methads: Beagle dogs (4/sex/group) were administered orally (semi-solid matrix capsule
containing polyethylene glycol (PEG) e at single daily doses of 10, 30 and 100 mg/kg for 6-
month period. The control animals received capsules containing PEG wew. only. The doses
were selected based on the results of a previous 1-month oral (gavage) toxicity study in dogs at
0, 10, 30, or 100 mg/kg dose levels. No treatment-related effects were observed in this study
except slight higher occurrences of emesis compared to control at 30 and 100 mg/kg doses and
soft stools at 100 mg/kg dose. The doses selected for the current study were the same as those
used in the 1-month oral toxicity study. The high dose was selected as 100 mg/kg because
previous data indicated saturation of absorption at doses = 100 mg/kg. In addition, previous
intravenous 1-month study demonstrated very low toxicity at plasma levels > 4000 ng/ml.
Animals were monitored daily for clinical signs of toxicity and moribundity/mertality. Body
weights were recorded weekly. Food consumption was estimated visually. Ophthalmic
examination was performed on Test Day —14 and Day 170. Physical examinations were
conducted on test Day —12 and Day 170. Blood samples were collected prior to initiation of
dosing and on Days 57, 120, and 176 for hematology and clinical chemistry. Urinalysis was
done prior to initiation of dosing and on Days 92 and 175. Dogs were sacrificed at the end of
the treatment period and subjected to a gross necropsy (alt dogs). Stool samples were collected
for fecal occult blood prior to initiation of dosing and on Days 92 and 173, The following
organs were weighed: kidneys, liver, heart, ovaries, testes, prostate, adrenals, thyroid with
parathyroid, brain, and pituitary. Histopathological examinations were done on the following
tissues collected from all animals: adrenals, aorta, bone {femur and sternum) and bone marrow,
brain stem, cerebrum, cerebellum, epididymides, esophagus, eyes, gall bladder, Harderian gland,
heart, lacrimal gland, large intestine (cecum, colon, rectum}, smali intestine (ducdenum, ileum,
jejunum), kidneys, liver, lungs, lymph nodes, mammary glands, ovaries, pancreas, parathyroid,
peripheral nerve (sciatic), pituitary gland, prostate, salivary gland, seminal vesicle, skeletal
muscles, skin, spinal cord, spleen, stomach, testes, thymus, thyroid, tongue, trachea, urinary
bladder, uterus plus cervix, and vagina.

Results:
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IND 56, 553 . 6

I. Observed Effects: Abnormal stool (mucoid, loose, runny, or soft stool) was observed at a
low incidence in all treatment groups, however, it was prevalent in dogs at 100 mg/kg dose
fevel. Alopecia was observed in 3 of 8 dogs at 100 mg/kg between Days 49 and 75. Besides
these, emesis and salivation was seen in very low incidonces and was considered incidental.

2. Mortalityv: None.

3. Boedy Weight: The mean initial (Day -1) and final (Day {81) body weights of control males
were 9.62 kg and 10.10 kg, respectively. The mean initial (Day -1) and final (Day {81}
body weights of control females were 9.27 kg and 10.82 kg, respectively. The mean final
body weight of high dose (100 mg/kg) males and females were 114% and 83% of control,
respectively. The growth curves are shown below:
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Figure D-1.2. Meen Body Weight. "
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IND 56, 553 G 8

4. Food Consumption: There were no treatment-related changes in qualitative food
consumption.

h

Ophthalmic Examination: No treatment-related changes were observed.

6. Phvsical Examination: There were no freatnient-related changes.

7. Hematology: There were no significant drug-related effects.

8. Clinical Chemistry: The blood urea nitrogen values were decreased on day 057 (71% of
control, control = 16.77 mg/dL} and day 176 (66% of control, control = 18.40 mg/dL) in
high dose males. Creatinine values were decreased significantly on day 057 (80% of control,
control = 0.90 mg/dL) in high dose males. Gammaglutamyl transferase values were
decreased (60% of control, control = 6.75 fU/L) on day 057 in high dose females. Globulin
values were increased (116% of control, control = 2.825 g/dL) in high dose females.on day
037. There were no other significant treatment-related chariges.

9. Urinalysis: No treatment-related changes were observed.
10. Fecal Occult Blood: There was no compound-related observation.

1. Organ Weights: Relative (to body weight) kidney weight was increased (126% of control,
control = 0.42 g/100 g) in high dose females. No other significant treatment-related changes
were observed.

12. Gross Pathology: No treatment-related changes were observed.
13. Histopathelogy: No drug-related effects were observed.

14. Toxicokinetics: Blood samples were drawn from dogs at 4 and 12 hours after dosing on
Day 176. The plasma was analyzed for ADL8-2698 using a validated HPLC/MS method.
ADLS8-2698 was detected in the plasma of either sex at 30 mg/kg dose groups at 4 (male: 11.3
ng/ml; female: 8.73 ng/ml) and 12 (male: 9.93 ng/ml; female: no detectable plasma level was
obtained) hour time point. At 100 mg/kg, mean plasma concentrations of drug in male (18.4
ng/mi) and female (18.3 ng/ml) dogs were found to be similar at 4 h after treatment. At 12 h
after treatment with 100 mg/kg, the plasma level declined to a mean of 10.6 ng/ml in males (2 of
4 dogs) and 8.5 ng/mi in one female dog (undetectable in other dogs). There appeared to be no
demonstrable sex difference in the plasma concentrations of ADL8-2698. Plasma concentrations
tended to be higher at 4 hours than 12 hour postdose. Due to interference of one peak,
meaningful data could not be obtained on Days 0 and 91. Therefore, no conclusions could be
drawn regarding steady state concentration or accumulation of the drug in the plasma.

In a 6-month oral toxicity study of ADLS8-2698 in dogs, animals were treated with ADL8-2698 at
0, 10, 30, or 100 mg/kg/day dose levels. The no observed effect level (NOEL) may be.considered
as 100 mg/ke. The above-mentioned doses did not allow the identitication of any target organ of
toxicity. There was no mention whether the highest dose was the maximum feasible dose.
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However, previous data indicated saturation of absorption at doses = 100 mg/kg. In addition,
previous intravenous 1-month study demonstrated very low toxicity at plasma levels > 4000
ng/ml.

6.6.6.4 Genetic Toxicology

The Effect of Alvimopan on the Induction of Reverse Mutations in Salmonella
typhimurium and Escherichia coli using the Ames Test (Study No. 93031AMS3684)

4. Induction of reverse mutations in Salmonella typhimurjum and
Escherichia coli using the Ames test.

Testing Laboratory:

Sponsor’s laboratory

Compliance with Good Laboratory Practices and Quality Assurance
Requirements:

Sponsor provided statements of compliance with good laboratory
practice regulations and quality assurance requirements for this
nonclinical laboratory study.

Study Started: March 4, 1993
Study Completed: September 1, 1993

Strains: S. typhimurium: TA1535, TA1l537, TA98 and TA100. E.
coli: WP2uvrh ’

Methods; The Ames test was used to study the potential of
1.Y246736 dihydrate to produce bacterial mutation. Studies were
conducted in the presence of metabolic activation (S9 mixture) or
in the .absence of metabolic activation. Doses of LY246736
dihydrate to be used were determined in preliminary experiments
and were delineated as 312.5, 625, 1250, 2500 and 5000 ng/plate.

The positive control agent in the Ames test without metabolic

activation was N-ethyl-N‘-nitro-N-nitrosoguanidine for TA1535 and
TA100 strains of S. typhimurium and the WP2uvrA stain of E.

124



Reviewer: Tamal K. Chakraborti, Ph.D. NDA No. 21-775

EET— . Page 25

coli. The positive control agent in the Ames test without
metabolic activation was 9~aminoacridine for the TA1537 strain of
S. _typhimurium. The positive control agent in the Ames test
without metabolic activation was 2-nitrofluorene for the TA98
strain of S. typhimurium. The positive control agent in the Ames
test with metabolic activation was 2-aminocanthracene for all
strains studied.

The nonactivated assay was conducted by combining 0.05 ml of the
appropriate dilution of LY246736 dihydrate, 0.1 ml of the
appropriate bacterial tester strain, and 2.5 ml of diluted top
agar. For the activated assay, 2 ml of the diluted top agar and
0.5 ml of the S9 mixture were.used. Plates were inverted and
incubated for approximately 48 hours at approximately 37°cC.
Revertant colony counts were then assessed. Criteria used for
results were that bacteria treated with the vehicle control and
positive control agent must yield data consistent with historical
data and that a positive increase in number of revertant colonies
was defined as a 2-fold increase over control values at 2
successive LY246736 dihydrate doses.

Results: In the Awmes test without metabolic activation, L¥246736
dihydrate (312.5 to 5000 pg/plate) did not increase the revertant
colony counts. The positive control agents did increase the
revertant colony counts.

In the Ames test with metabolic activation, LY246736 dihydrate
(312.5 to 5000 ul/plate) did not increase the revertant colony
counts. The positive control agent 2-aminoanthracene did
increase the revertant colony counts.

Study Title: Ames Assay with ADIL 08-0011

Key Findings: Negative.
Study No.: AA57TL.503.BTL

Volume # and Page #: EDR NDA 21-775: pharmtox\tox\aa57t1503btl.pdf

Conducting Laboratory and Location:

L Y
Date of Study Initiation: May 17, 2002

GLP Compliance: A statement of compliance was included.

QA Reports: yes (X ) no( )
Drug, Lot #, and % Purity: ADL 08-0011, Batch 203004, 99.4%

Methods: ADL 08-0011-0 (a metabolite of alvimopan), was tested using Salmonella
typhimurium tester strains TA98, TA100, TA1535 and TA1537 and Escherichia coli
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tester strain WP2 uvrA in the presence and absence of Aroclor-induced rat liver S9. In
this study, the assay was performed in two phases, using the plate incorporation method.
The first phase, the initial toxicity-mutation assay, was used to establish the dose-range
for the confirmatory mutagenicity assay. The second phase, the confirmatory
mutagenicity assay, was used to evaluate and confirm the mutagenic potential of ADL
08-0011. Inthe initial toxicity-mutation assay, the following dose levels were tested: 2.5,
7.5, 25, 75, 200, 600, 1800 and 5000 pg per plate. No positive mutagenic response was
observed in the initial assay. Based on the findings of the initial assay, the following
doses were selected for the confirmatory assay: 75, 200, 600, 1800 and 5000 pg per plate.

Cell Line: Salmonella typhimurium TA1535, TA1537, TA 98, TA 100 and
Escherichia coli tester strain WP2 uvrA.

Dose Selection Criteria:

Basis of Dose Selection: Cytotoxicity and solubility.

Range Finding Studies: In the initial range finding assay, the following dose
levels were tested: 2.5, 7.5, 25, 75, 200, 600, 1800 and 5000 pg per plate. No
positive mutagenic response was observed in the initial assay. Based on the
findings of the initial assay, the following doses were selected for the
confirmatory mutagenicity assay: 75, 200, 600, 1800 and 5000 ug per plate.

Test Agent Stability: The results of the analysis of dosing solution confirmed
that the test article was within the acceptable range (10% of the theoretical target
concentration).

Metabolic Activation System: The SO liver microsomal fraction was prepared
from livers obtained from Aroclor 1254 pretreated (single dose of 500 mg/kg, i.p.)
male SD rats.

Controls:

Negative Controls: Dimethylsulfoxide (DMSO, final Concentration = 3.7%)

Positive Controls: Without metabolic activation: sodium azide (1.0 pg/plate)
for TA 1535, TA100; 9-aminoacridine (75 pg/plate) for TA1537 and 2-
nitrofluorene (1.0 pg/plate) for TA 98; Methylmethanesulfonate (1000
pg/plate) for WP2 uvrA. With metabolic activation: 2-aminoanthracene (1.0
pg/plate for all strains except 10 ug/plate for WP2 uvrA).

Comments: None
Exposure Conditions:

Incubation and Sampling Times: 48 to 72 hours
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Doses Used in the Definitive Study: 75, 200, 600, 1800 and 5000 pg per plate.

Study Design: The assay was performed in two phases, using the plate
incorporation method. The first phase or preliminary dose ranging experiment
was conducted to establish the dose range for the confirmatory assay. The
second phase is a full mutation assay.

Analysis:

No. of Replicates: All dose levels of test article, vehicle control and positive
control were plated in triplicate.

Counting Method: The colonies were counted by using an automated colony
counter.

Criteria for Positive Results: The following are the criteria for a positive
response: 1) a dose-related increase in the mean revertants of at least one tester
strain over a minimum of two increasing concentrations of test article, and/or 2) a
reproducible biologically relevant positive response (For TA 98, TA 100 and
WP2 uvrA: the number of revertants is at least twice as high as compared to the
spontaneous reversion rate or control. For Strain TA 1535 and TA1537: the
number of revertants is at least three times higher than the control) for at least one
of the test points in at least one strain with or without metabolic activation.

Results:

Study Validity: The study was considered valid as all criteria for a valid study
were met.

Study Outcome: Negative. The summary of results is shown in the following
table (from page 38 of the sponsor’s report).
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Adolor Corporation - ENTEREG™ (alvimopaﬁ) : NDA 21-775

Bactarial Mutation Assay
Summary of Results

Table 22

Test Article Id ADL 08-0011-0
Study Number AASTTL.S503.BTL Experiment No : B3

Average Revertants Per Plate * Standard Deviation
Liver Microsomes: Nonea

o

Dose {(ug/plate) TA98 TAL100 TA153S TALS37 WP2 uvra
Vehicle 11 = 2. 213 t 8 15 ¢t 2 6 £ 1 11 ¢ 2
s e 2 228¢ 17 16t 4 6+ 2 11z 2
200 i0 £ 1 243 & 37 16 ¢ 2 4 % 2 11 3
600 12 ¢+ 2 222 ¢ 14 22 4 7 % 2 11 ¢ 2
1800 12 4 219 + 21 20 t 4 S % 1 10 1]
5000 12 £+ 2 198 + 20 19 = 1 5 % 2 12 ¢ 4
Positive 130 = 2 653 t 23 3606 41 336 £ 91 83 & 39
Liver Microsomes: Rat livexr S9

Doge {ug/plate) TA98 TALQO ‘_1‘51535 TALS37 We3 uvrA
Vehicle 17 = 2 183 £ 35 18 ¢ 4 7 % 1 17 = 3
75 18 % S 194 & 17 14 ¢ 2 7T % 2 17 ¢ 2
2090 19 =+ 3 170 &+ 20 15 £ 2 7t 2 13 ¢ 1
600 21 % ¢4 160 & S 12 5 6 3 19 2
1800 17 = 3 178 £ 19 15 = 2 8t 1 14 ¢ 1
5000 18 ¢ 1 17« 3 .14 ¢ 3 7t 2 131 ¢ 3
Positive 230 £ 49 5%4 +£ 40 147 + 13 8¢ 4 111 + 22
Vehicle = Vehicle Contreol
Positive = Positive Control
Plating aliquot: SO uL
N
Study No. AASTTL.503.BTL 38

PR

38
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Mutagenicity Test on Alvimopan in an In Vitro Cytogenetic Assav Measuring
Chromosomal Aberration Frequencies in Chinese Hamster Ovary (CHQ) Cells (Study
No. 15488-0-437)

1. Chromosomal aberration assay in Chinese hamster ovarvy (CaW)
CEngt
Testing_gggg;gggglz

SRR
compliance with Good Laboratory Practices and Quality Assurance
Requirements:

SRSt  Drovided statements of compliance with
good laboratory practice regulations and quglity assurance
requirements for this nonclinical laboratory study.

Study started; January 27, 1993
Study completed: May 11, 1993

Methods: Chinese hamster ovary cells (CAW-WBL), were initiated by
seeding approximately. 1.5 x 10 cells per 75 cm’ flask into 10 ml
of complete McCoy’s S5a medium. One day after culture initiation,
the cultures were treated with test drugs at predetermined doses
for 24 hours. Aberration assays were done without metabolic
activation and with metabolic activation premix (S9 fractiomn
derived from the liver of male Sprague-Dawley rats which had been
previously treated with Aroclor 1254). Negative controls were
cultures which contained only cells and culture medium. Solvent
controls were cultures containing cells, culture medium and the
solvent for the test drug. Positive control agents were
mitomycin C for studies without metabolic activation and
cyclophosphamide for studies with metabolic activation. One
hundred cells from each replicate culture at four dose levels of
the test drug and from each of the negative and solvent control
cultures were analyzed for the different types of chromosomal
aberrations. At least 25 cells were analyzed for chromosomal
aberrations from one of the positive control cultures. A
significant increase in chromosomal aberrations was statistically

Appears This Way
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defined as a significant increase, compared to pooled negative

and solvent controls, at the 0.01 level using the Fischer’s Exact
Test.

Results: No significant increase in cells with chromosomal
aberrations was observed in cultures treated with e¢ither 838,

1680, 2510 or 3350 pg/md) of LY246736 dihydrate, with or without
metabolic activation.

The positive control agents mitomycin C and cyclophosphamide
produced significant increases in cells with chromosomal
aberrations.

Study Title: Chromosome Aberration Assay Using Chinese Hamster Ovary (CHO)
Cells with ADL 08-0011

Key findings: Negative.

Study No: AAS57TL.331.BTL
Study Type: In vitro cytogenetic assay with mammalian cells.

Volume #, and Page #: EDR 21-775: pharmtox\tox\aa57t1331btl.pdf

Conducting Laboratory and Location: wmssmmesssempassemssssomm:

Date of Study Initiation: May 6, 2002

GLP Compliance: A statement of compliance was included.

QA Reports: yes(X)no ()

Drug, Lot #, and % Purity: ADL 08-0011, 203004, 99.4%

Formulation/Vehicle: Solution/Dimethyl sulfoxide (DMSO)

Methods: ADL 08-0011-0 (metabolite of alvimopan) was tested in the chromosome
aberration assay using Chinese hamster ovary (CHO) cells in both the absence and
presence of an Aroclor-induced S9 activation system. A preliminary assay was performed
to establish the dose range for the chromosome aberration assay. In the chromosome
aberration assay, the cells were treated for 4 and 20 hours in the non-activated test system
and for 4 hours in the S9 activated test system, and all cells were harvested at 20 hours
after treatment initiation. Two hours prior to the scheduled cell harvest, Colcemid (0.1
pg/ml) was added to duplicate flasks for each treatment condition and the flasks returned
to the incubator until cell collection. A concurrent toxicity test was also conducted in
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both the non-activated and the S9 activated test systems. After cell harvest an aliquot of
the cell suspension was removed from each culture and counted using a Coulter counter.
Cell viability was determined by trypan blue dye exclusion.

Two hours after the addition of Colcemid, metaphase cells were harvested for both the
non-activated and S9 activated studies by trypsinization, mounted and dried on glass
slides and stained with 5% Giemsa. The percentage of cells in mitosis per 500 cells
scored (mitotic index) was determined for each treatment group. A minimum of 200
‘metaphase spreads were examined and scored for chromatid-type (chromatid and
isochromatid breaks and exchange figures such as quadriradials, triradials, and complex
rearrangements) and chromosome-type (chromosome breaks and exchange figures such
as dicentrics and rings) aberrations. Chromatid gaps and isochromatid gaps were
recorded but not included in the analysis. Polyploid and endoreduplicated cells were also
evaluated from each treatment flask per 100 metaphase cells scored.

Cell Line: Chinese Hamster Ovary (CHO) cells

Dose Selection Criteria:

Basis of Dose Selection: Solubility and cytotoxicity.

Range finding studies: In the preliminary assay, the maximum tested dose
was 3846 ug/ml. Visible precipitate was observed in treatment medium at this
dose level of 3846 pg/ml. Dose levels < 1154 pg/ml were soluble in
treatment medium. Doses were selected based on cell growth inhibition
relative to the solvent control. Substantial toxicity (at least 50% céll growth
inhibition, relative to the solvent control) was not observed at any dose level
in the non-activated and in the S9-activated. In the absence of 50%
cytotoxicity, the following dose range was chosen based on the solubility of
the test article in the medium: 240 to 3846 pg/mli for all three treatment

groups.

Test Agent Stability: The chromosome aberration assay was repeated due to a
possible discrepancy in the resuits of the dosing solution analysis of the
dosing solutions prepared on 25 May 2002. The samples initially analyzed by

T —————— , were not all within 10% of the label
claim. The backup samples retained by ewweemm were analyzed by s
and the results were within 10% of the label claim.

For the retest of the chromosome aberration assay, the dosing preparations
were prepared prior to dosing and the analysis samples were sent to s for
concentration verification. The results of the analysis indicated that all the
dosing preparation concentrations were within +10% of target concentrations.
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Metabolic Activation System: S9 liver microsomal fraction of rats treated with
Aroclor 1254 (500 mg/kg, single, i.p. injection) were used in this study.

Controls:

Negative Controls: Distilled water

Positive Controls:

Without S9 mix: Mitomycin C (MMC, 0.1 and 0.2 pg/ml final
concentration)

With S9 mix: Cyclophosphamide (CP, 10 and 20 pg/ml final
concentrations)

Comments: None
Exposure Conditions:

Incubation and Sampling Times:

Non-activated system: 4 or 20 hours
Activated system: 4 hours

Samples were collected approximately 20 hours after initiation of the
treatment for both the systems.

Doses Used in Definitive Study:

+S9: 480.75, 961.5 and 1923 pg/ml
-S9 (4 hr): 480.75, 961.5 and 1923 pg/ml
-S9 (20 hr): 961.5, 1923 and 3846 pg/ml

Study Design: The study design is shown in the following tablé (from page
14 of the sponsor’s study report).
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Adolor Corporation ENTEREG™ (alvimopai) NDA 21-775
Treatment Treatment | Recovery Dose levels
Condition Time Time (ug/ml)
4hr 16 hr 240, 480.75, 961.5, 1923, 3846
-59
200 0hr . 240, 480.75, 961.5, 1923, 3846
+89 4hr 16 hr 240, 480.75, 961.5, 1923, 3846
Analysis:

-

No. of Replicates: Two/dose

Counting Method: Manual

Criteria for Positive Results: The test article was considered to induce a
positive response when the percentage of cells with aberrations is increased in
a dose-responsive manner with one or more concentrations being statistically
significant (p<0.05). However, values that are statistically significant but do
not exceed the range of historic solvent controls was considered as not
biologically significant. Test articles not demonstrating a statistically
significant increase in aberrations was considered as negative.

Results:

Study Validity: The test was considered valid as the positive control and solvent
controls fulfilled the requirements for a valid test.

Study Outcome: Negative. The following table shows the summary of results of
this assay (from page 26 of the sponsor’s report).
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Adolor Corporation ENTEREG™ (alvimopan) ° NDA 21-775

TABLE 10

SUMMARY

Mean Abcrations  Cells With Aberrations
Treatment S9 Treatment Mitatic  Colls Per Cell Numerical  Structural
(ugfmly Activation  Time Index Scored  (Moan +- SD) (%) %)
DMSO0 - ] 75 200 0005 =0.071 33 03
ADL-08-0011-0
180.73 - 4 84 200 0005 0071 35 05
961.5 - 4 85 200 0005 +0.071 5.0 0.5
1923 - 4 74 200 0010 0100 60 Lo
MMC, - 4 97 200 0200 +0.501 45 16.0**
02
DMSO + 4 98 200 0005 =0.071 30 0.5
ADL-08-0011-0 O
480.75 + 4 88 200 0005 20071 30 0.5
9%61.5 + 4 62 200 0015 =0.158 35 1.0
1923 + 4 71 200 0020 0172 50 L5
cp, + 4 63 200 0.165 20411 5.0 150
10
DMSO - 20 $3 200 0025 %0.136 2.0 20
ADL-08-6011-0
9%1.5 - 20 74 200 0005 0071 2.5 0.5
1923 - 20 76 200 0050 20240 25 45
3846 < 20 59 200 0025 20254 20 1.0
MMC, - 20 BO 200 0.125 30361 2.5 1150
0.1

Treatment: Cells from al! treatment conditions were harvested at 20 hours afler the initiation of
the treatments.

Aberrations per Cell: Severely damaged cells were counted as 10 aberrations.
Percent Aberrant Cells: *, p<0.05; **, p<0.01; using Fisher's exact test.

ammemew  Study No, AASTTL.331.BTL 26

26
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The Effect of Alvimopan on the Induction of Forward Mutation at the Thymidine Kinase
Locus of L5178Y Mouse Lymphoma Cells (Study No. 930421 MI.A3684)

3. ZXInduction of forward mutation at the thymidine kipase locus
of 1,5178Y mouse lymphoma cells.

Testing Laboratory:
Sponsor’s laboratory.

Com e wit ato acti ualit ssurance
Regquirements:

Sponsor provided statements of compliance with good laboratory

practice regulations and quality assurance requirements for this
nonclinical laboratory study.
Study Started: April 19, 1993

Study Completed: August 20, 1993

-

Methods: The TK' mouse lymphoma cell assay was used to study the
potential of LY246736 to produce mammalian cell mutation. ’
Studies were conducted in the presence of metabolic activation
(S9 mixture) or in the absence of metabolic activation. The
positive test agent in the presence of metabolic activation was
ethylmethanesulfonate; in the absence of metabolic activation, 3-
methylcholanthrene. The number of viable colonies and the number
of TK mutant colonies were assessed.

concentrations of LY246736 dihydrate (1000, 1200, 1400, 1600,
1800, 2000, 2200, and 2400 pg/ml) to be used in the absence of
metabolic activation were determined in preliminary toxicity
tests. Concentrations of LY246736 dihydrate (1000, 1500, 2000,
2400, 2600, 2800, and 3000 pg/ml) to be used in the presence of
metabolic activation were determined in preliminary toxicity and
precipitation tests. Incubation of TK' cells with LY246736
dihydrate was performed in a roller drum (20 to 30 rpm) at
approximately 37°C for approximately 4 hours. To allow
expression of TK' mutants, the cells were incubated in a roller
drum at approximately 37°C for approximately 48 hours. Prepared
plates of cells and cloning medium were then incubated for 12 * 2
days at approximately 37°C in a humidified 95%/5%:air/CO,
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environment. <Criteria used for results were that cell colonies
treated with the vehicle control and positive control agent must
yield data consistent with historical data and that a positive
increase in number of mutant colonies was defined as a 2-fold
increase over control values at 2 successive LY246736 dihydrate
doses.

Results: 1In the mutation assay without metabolic activation,
LY246736 dihyggate {1000 to 2400 #g/ml) had no effect on mutation
frequency (TK' mutants per 1 x 10" colony forming cells) or
mutation index (mutation frequency of treated culture divided by
mutation frequency of solvent control). The positive control
agent ethylnmethanesulfonate increased mutation freguency and
mutation index. :

In the mutation assay with metabolic activation, LY246736
dihydrate (1000 to 3000 pg/ml) had no effect on mutation

- frequency or mutation index. The positive control agent 3-
methylcholanthrene incréased mutation frequepcy and mutation
index.

The Effect of Alvimopan Given Orally for Two Consecutive Days on the Induction of
Micronuclei in Bone Marrow of ICR Mice (Study No. 930331MNT3684)
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2. Micronucleus test in mice.
ti boratory:
Sponsor’s laboratory.

Compliance with Good Laboratory Practices and Quality Assurance
Requirements:

Sponsor provided statements of compliance withvgood laboratory
practice regulations and quality assurance regquirements for this
nonclinical laboratory study.

Study Started: Mavch- 25, 1993
Study Completed: June 25, 1993

Animals: 15 M and 15 F ICR mice. Males weighed between 30.3
35.2 g and females weighed between 25.2 and 30.1 g; ages were
approximately 8 to 9 weeks.

Methods: LY246736 dihydrate in 10% aqueous acacia solution was
administered on 2 consecutive days by gavage-at doses of 500,
1000 and 2000 mg/kg to three groups of 10 mice each; each group
consisted of 5 males and 5 females. Selection of doses was based
upon a preliminary dose range-finding study. The test article
was tested to toxic levels; i.e., the maximum tolerated dose or
one half of the median lethal dose. Since the test article did
not elicit a toxic response, it was tested at a maximwum dose of
2000 mg/kg. The positive control agent was cyclophosphamide.

Approximately 24 hours after the second drug treatment, mice were
sacrificed, femurs were removed, and bone marrow slides were
prepared. (It should be pointed out that it is recommended in
the guidelines that if two treatments are employed, a minimum of
2 samples should be obtained between 20 and 48 hr after the last
dose.) A combined total of 1000 polychromatic (PCE) and .
normochromatic erythrocytes (NCE) were counted for each animal
using a differential cell counter; the ratio of the number of PCE

ANTRRNPRN Page 23

to the number of NCE provides an index of toxicity. A total of
1000 PCEs were examined for each animal and evaluated for the
presence of micronuclei. Criteria used for results were that
animals treated with the vehicle control and positive control
agent must yield MN frequencies consistent with historical data.

Results: LY246736 dihydrate did not produce any significant
increases in micronucleated polychromatic erythrocytes or changes
in the PCE/NCE ratio. The positive control agent

cyclophosphamide produced significant increases in micronucleated
polychromatic erythrocytes.

2.6.6.5 Carcinogenicity

The sponsor did not include any carcinogenicity study report in this submission.
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2.6.6.6 Reproductive and Developmental Toxicology

Fertility and Early Embryonic Development

A Combined Segment I and Segment 1i Study of Alvimopan Administered Orally to CD
Rats (Study No. R12693 and R12793)

‘REPRODUCTIVE TOXICOLOGY

Rats - _

1. Modified nt I Repr: ive Toxicity. Study in Male
Females (Report No 126 and N 27

Testing LabOYatoly: mommemessn o

Compliance with Good Laboratory Practices and Quality Assurance
Requirements: Certification of compliance was provided by the
sponsor.
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Although the sponsor submitted male data as Report No. R12693 and
female data as Report No. R12793, the males and females were
treated with LY246736 dihydrate and mated to one another. Thus,
there was a single reproductive toxicity study.

Study Started: November 6, 1993
study Completed: November 28, 1994

Animals: Male (Mean body weight of 383.1 g; 12 weeks of age) and
female (Mean body weight of 220.1 g; 9 weeks of age) CD rats.

Methods: Sponsor selected LY246736 dihydrate doses of 0, 50, 100
and 200 mg/kg/day for the present study that were based upon
results from a 6-month oral toxicity study in rats (Report No.
R05693). The sponsor stated that data in Report No. R05693
indicated that oral doses higher than 200 mg/kg/day would not be
expected to produce greater systemic exposure in rats. Thus,
four groups of male rats (20/group) were orally administered 0,
50, 100 and 200 mg/kg/day of LY246736 dihydrate by gavage,
respectively, for 4 weeks prior to mating (premating phase),
during cohabitation (1:1) for up to 15 days and through

7 total weeks of LY246736 dihydrate treatment. Four groups of
female rats (20/group) were orally administered 0, 50, 100 and
200 mg/kg/day of LY246736 dihydrate by gavage, respectively, for
2 weeks prior to mating (premating phase), during cohabitation
(1:1) for up to 15 days, and through Day 19 of gestation
{gestation phase). Vehicle was 10% aqueous acacia solution;
1Y246736 dihydrate concentrations of 11.1, 22.1 and 44.1 mg/ml
were used for the 50, 100 and 200 mg/kg/day doses, respectively.

All rats were observed daily for survival and general condition.
In the case of males, body weights were measured weekly.

Detailed physical examinations were done on body weighing days.
Food consumption was measured weekly only during the premating
period. In the case of females, postmating body weights were
obtained on Days 0, 3, 6, 10, 14, 17 and 20 of gestation.
Detailed physical examinations were done on body weighing days
and termination day: Food consumption was measured weekly during
the premating phase and on Days 0, 3, 6, 10, 14, 17 and 20 during
the gestation phase.

Reproductive performance was assessed by evidence of copulation
(expelled and/or retained copulatory plugs) and presence of
vaginal sperm in the female. Rat pairs were separated on the day
that mating was confirmed. :

In the case of males, sperm were collected from the right cauda
epididymis and a small portion of the vas deferens by the
diffusion method on the day of termination. Relative sperm
concentrations were estimated with an automated sperm motility
analyzer. Parameters of percent motile sperm, percent
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progressively motile sperm, linear index, amplitude of lateral
head displacement, beat/cross frequency, curvilinear velocity,
average path velocity and straight-line velocity were determined.
Sperm aliquots were microscopically examined for sperm breakage.

Rats were sacrificed by carbon dioxide asphyxiation. Weights of
kidneys, heart, liver, spleen, testes, epididymis, prostate,
adrenals, pituitary and brain were determined in all animals.
Grosgs pathological assessments of kidneys, heart, liver, spleen,
thymus, testes, epididymis, prostate, adrenals, pituitary,
cerebrum, cerebellum and brain stem were made in all animals.
Histopathological evaluations were limited to the testes and
epididymis; only 6 animals in the 0 and 200 mg/kg/day groups,
respectively, were histopathologically examined.

In the case of females, on Day 20 of gestation, live fetuses were
delivered by Caesarean section. Adult rats were then sacrificed
by carbon dioxide asphyxiation on Day 20 Jf gestation. Weights
of maternal kidneys, heart, liver, spleen, ovaries, uterus,
brain, adrenals, and pituitary were determined in all animals.
Gross patholog1ca1 assessments of kidneys, heart, liver, spleen,
thymus, ovaries, uterus, cerebellum, cerebrum, brain stem,
adrenals, and pituitary were made in all animals.

Ovaries. and uteri were removed, uteri weighed and number of
corpora lutea determined. Uteri were opened; number of
implantations, live and dead fetuses and resorptions were
determined. Live fetuses were weighed; live and dead fetuses
were examined externally for anatomical anomalies and gender
determination. One-half of each litter was sacrificed and fixed
in Bouin's stain for visceral examination. The remaining pups of
each litter were sacrificed, eviscerated and processed for-
skeletal examination.

Results:
Males

. Obgerved Effects: There were no treatment-related clinical
signs of toxicity.

2. Mortality: There was no treatment-related mortality.

3. Body Weight: Initial mean body weight of control males was
384.0 g. Final mean body weight of control males was 590.2 g-
There were no treatment-related effects on body weight.

4. Food Consumption: Initial mean food consumption of control
males was 28.7 g/day. Mean food consumption of control males on
Day 28 of tréatment was 29.5 g/day. There were no treatment -
related effects on food consumption during the premating phase.
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S. Reproductive Performance: As illustrated in the following

table, there were no treatment-related effects on fertility and
general reproductive performance in males.

Fertility and General Reproductive  Performance of Males

Treatment ’ Vehicle LY246736_ Dihvydrate

Doge {mg/kg/day, p.o.) 0 S0 100 200
Parameter measgured:

Male data

# Paired , 20 20 20 20

i# Died (After mating) 0 1] 0 0

# Successfully Mating 18/20 . 19/20 20/20 19/20
Precoital period 2.7 3.9 2.0 * 2.8
(days)

6. Sperm Evaluation: Control males had 15.56 million sperms/ml
of fluid from the right cauda epididymis and a small portion of
the vas deferens. There were no treatment-related effects on
sperm concentration.

aAs shown in the following table, there were no treatment-related
effects on gperm motion characteristics.

Summary of Epididymal Sperm Motion Characteristics

Motile ! LY246736 Dihydrate (mg/kg/day. p.o.)

Characteristic

‘ ! 0 . 50 100 200
Motile (%) i 89.0 79.6 78.6 91.5
Progressively 20.3 18.3 17.8 21.3
Motile (%)

Linear Index . 74.6 72.6 75.9 73.4
%) ;

Lateral Head ' 17.7 16.5 16.1 17.4
Displacementi

() :

1

Beat/Cross | 13.5 12.7 14.7 13.4
Frequency (Hz)

curvilinear 338.7 310.6 105.9 '330.6
Velocity {

(u/sec) _ -
Average Path! 213.5 199.7 184.6 208.9
Velocity :
' (u/sec) ‘

Straight-line 155.6 144.5 137.3 150.1
Velocity

(u/sec)
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There was 6.6, 14.0, 20.5 and 5.8% sperm breakage in the 0, 50,
100 and 200 mg/kg/day groups, respectively.

Thus, there were no treatment-related effects on sperm
concentrations, sperm motion characteristics and sperm breakage

7. Organ Weights: There were no treatment-related effects on
organ weights.

8. Gross Pathology: There were no treatment-related gross
pathological lesions.

9. Histopathology: There were no treatment-related
histopathological lesions. However, histopathological
evaluations were limited to the testes and epididymis; only 6
animals in the 0 and 200 mg/kg/day groups, respectively, were
histopathologically examined. Fuxthermore, the 2 males in the
200 mg/kg/day group that mated but did not-impregnate were not
histopathologically examined. Thus, it would seem advisable to
conduct histopathological examinations for at least the remaining
male rats in the 0 and 200 mg/kg/day groups.

Females

Dams

1. Observed Effects: There were no treatment-related clinical
signs of toxicity.

2. Mortality: There was no treatment-related mortality
3. Body Weight: Initial mean body weight of control females was

221.6 g. Mean body weight of control rats on Day 14 {last day of
premating phase) was 248.4 g. There were no treatment-related
effects on body weight during the premating phase of the study.
Mean body weight of control rats on Day 0 of the gestation phase
was 252 g. Mean body weight of control rats on Day 20 of the
gestation phase was 420 g. There were no treatment-related
effects on body weight during the gestation phase of the study.

4. Food Congumption: Mean food consumption of control females on
pay 7 of the premating phase was 19.9 g/day. Mean food
consumption ,of control females on Day 14 of the premating phase
was 19.6 g. i There were no treatment -related effects on food
consumption ;during the premating phase. Mean food consumption of
control femdles on Days 0-3 of gestation was 23.2 g/day. Mean
food consumption of control females on Days 17-30 of gestation
was 29.3 g/§ay. There were no treatment-related effects on body
weight during the gestation phase.
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S. Reproductive Performance: As illustrated in the following
table, there were no treatment-related effects on fertility and
general reproductive performance in females.

Fertili an eneral Repro tive Perf a Females
Treatment Vehicle LY246736¢ Dihydrate
Dose {(mg/kg/day, p.o.) ] 50 100 . 200
Parameter mea g : .

Female data
# Paired 20 i 20 20 20
# Died during pregnancy 1] 1* 1 0
# Non-pregrant 2 2 3 2
# With total resorption 0 o o [}
# Wwith live fetuses on 16 17 17 17
pay 20
*Sacrificed to avoid natural delivery "
6. Organ Weights: There were no treatment-related effects on

organ weights.

7. Grogs Pathology: There were no treatment-related gross
pathological lesions.

8. Maternal and Litter Data: As shown in the following table
there were no treatment-related effects on the indicated
parameters flor dams and litters.

Summary of Maternal and Litter Data in a Modified Segqment 1
Reproductive Toxicity in Rats

Treatment Vehicle LY246736 Dihydrate

Doge (mg/kg/day, p.o.) 0 S0 100 200
Parameter measured:

Dam data

# Dosed rats 20 20 20 20

# Gravid rats 16 17 17 17

# Aborted o] 0 0 . 0

# which died o] 1+ 1 o
Mean Weight Change (g} 85 85 24 93

Litter data

# Corpora lutea/dam 17.0 19.0 18.9 18.5

# Implantations/dam 15.7 17.2 14.4 16.4

# Preimplantation 1.4 1.8 4.5 2.2
losses/dam

# Resorptions/dam 0.7 1.2 1.3 0.7

# Living fetuses/dam 15.0 16.0 13.1 15.6

Mean fetal weight (g) 3.66 3.67 3.78 3.67

*Sacrificed tol avoid natural delivery
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As shown in the following table for the F,litters, there were no
treatment- rqlated effects on external ancmalies and variations
and visceral anomalies and variations. However, there were
treatment-related increases in skeletal variations. The 200 mg/
kg/day dose produced incomplete osgification of cervical
vertebra, idchium and occipital bone.

s ' of ma and Varfations in the F, Generation in a
M e e nt I Reproductive Toxicj in Rats

Treatment Vehicle LY246736 Dihvdrate
Dose (mg/kg/day, p.o.) 0 50 100 200
# Litters examined 16 16 16 17
# Fetuses examined 240 256 210 266
External anomalies’
{(# of fetuses/# of r
litters affected) -
Head/neck-jaw absent 1/1 - .- -~
Head/neck-mouth-absent 1/1 --- --- -
Head/neck-nares-absent 1/1 --- .- -
# Litters examined 16 - 16 16 17
# Fetuses examined 240 256 210 266

External variations
(# of fetuses/# of
litters affected)

Forelimb Hematoma --- --- - 1/
Head/Neck Hematoma 3/2 2/2 --- 3/3
Filamentous Perineum on .- .- 1/1 .-
Tail .

Displaced testicles .- -—- 1/1 -
# Litters examined 16 16 - 16 17
# Fetuses examined 123 133 109 137

Visceral anomalies
(# of fetuses/#§ of
litters affected)

Cavitation of Kidney 8/4 1/1 1/1 2/2
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# Litters examined 16 16 ' 16 17
# Fetuses examined 123 133 109 137

Visceral varjations

(it of fetuses/# of
litters affected)

park Adrenals 3/2 11 2/2 ---

Hematoma in Kidney --- - 1/1 ---
Migshapen kiénéy -—- --- 1/1 -
# Litters examined 15 16 15 17

# Fetuses examined 117 . 123 101 129

(& of fetuses/# of
litters affected)

Incomplete os:sificati.on ~ 372 1/1 1 372 10/6
of vertebral icolumn :
Incomplete oésification --- --- --- 3/3

of ischium

Incomplete oésificatim S 2/1 - 2/2 6/3
of occipital ‘bone

In summary, there were no treatment-related effects of LY246736
dihydrate during a modified Segment I reproductive toxicity study
of fertility in.males. There were no treatment-related effects
of LY246736 dihydrate in pregnant females. However, LY246736
dihydrate produced skeletal variations in fetuses; 200 mg/kg/day
of LY246736 dihydrate produced incomplete ossification of
cervical vertebra, ischium and occipital bone.

Study Title: A Segment I Fertility and Reproductive Performance Study of Alvimopan
Administered Intravenously to Sprague Dawley Rats

Key Study Findings: In a Segment I study in rats, animals were administered alvimopan
at 0, 0.2, 2 and 5 mg/kg/day by i.v. route. There were no apparent treatment-related
adverse effects on the reproductive parameters of male or female rats or on the
development of fetuses. There was an apparent treatment-related increase in the number
of pre-implantation loss. However, these increases were neither dose-related and nor
statistically significant. The NOAEL for reproductive toxicity for alvimopan, under the
conditions of this study was considered as 5 mg/kg/day for both male and female
animals. -

Study No.: R10094, R09994

Volume #, and page #: EDR: NDA 21-775: pharmtox\tox\pd-fr-016-0701.pdf
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Conducting Laboratory and Location: s

Date of Study Initiation: April 13, 1994
GLP Compliance: A statement of compliance was included.

QA Reports: yes ( X )no ().

Drug, Lot #, and % Purity: Alvimopan, Lot No. 284MH2, 90.4%

Methods: This Segment I study was conducted to assess the reproductive and early
embryonic developmental toxicity of alvimopan dihydrate in rats. Alvimopan was
administered intravenously to rats (20/sex/group) at 0, 0.2, 2 or 5 mg/kg/day (dose
volume = 1.0 ml/kg). Males were treated for 4 weeks prior to cohabitation, throughout
14 days of cohabitation and until termination. Females were treated for 2 weeks prior to
cohabitation, throughout cohabitation and continuing through Gestation Day 6 (GD6).
The females were euthanized on GD20 for assessment of reproductive parameters and
fetal external examinations. The males were euthanized after approximately 7 weeks of
treatment. Sperms were collected for evaluation of relative concentration, motility
characteristics and breakage. The testes and left epididymides were weighed and
preserved for histopathologic evaluations.

Doses: 0,0.2,2 and 5 mg/kg/day, i.v.
Species/Straih: Sprague Dawley rats

Number/Sex/Group: 20/sex/group

Route, Formulation, Volume: Intravenous, solution in distilled water, 1 ml/kg

Satellite Groups used for Toxicokinetics: None.

Study Design: Four groups of 40 animals (20/sex/group, a total of 160 animals)
were used in this study. The study design is shown below (from page 10 of the
report of the sponsor’s submission).

- - S e e tte e i g gm e semp me erim e eimame e g g ——e——

Treatment Animals per Group Dose Leve! Dose Route
Graup Male Female {mgfkg
, b.w./day) )
00 20 20 0.0 LV,
o1 20 20 02 LV
02 20 20 2.0 LV.
03 20 20 5.0 ("2

(1) vehicle only — sterile water, pH approximately 10.5.
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Parameters and Endpoints Evaluated: Animals were observed for clinical signs
and mortality on a daily basis. Food consumption and body weight was recorded
weekly. Females were euthanized on Gestation Day 20 and the ovaries and uterus
were removed, the uterus was weighed and the numbers of corpora lutea were
recorded for each ovary. The uterus was opened and the number and distribution
of implantations, live and dead fetuses and resorptions were recorded. Live and
dead fetuses were examined externally for anatomical anomalies and gender
determination. Fetuses were examined for variations, deviations and
malformations. Male animals were euthanized following the termination of the
mating period, after about 7 weeks of treatment. Each animal was subjected to a
gross necropsy and the epididymides, testes, seminal vesicles and prostate were
collected and preserved for histopathologic evaluations. In addition, sperm count
and motility were also determined.

Results:

Mortality: There were no treatment-related mortalities. One male rat at 5
mg/kg/day was found moribund, following dosing, and was sacrificed for humane
reason. Clinical signs for this animal included blood around the left ear, pale
color and lethargy. One female rat at 0.2 mg/kg/day died following a dose
administration accident. These deaths were considered due to dosing accidents
and were not considered treatment-related.

Clinical Signs: There were no significant treatment-related clinical signs. It is to
be mentioned here that alopecia was observed in both the control and treated
animals.

Body Weight: The mean initial (Day 0) and final (Day 49) weights of the control
males were 381.3 and 503.6 g, respectively. The mean initial (Day 0) and final
(Day 14) body weight of control females were 228.8 and 258.4 g, respectively.
There were no significant treatment-related changes.

Food Consumption: The mean initial and final food consumption in control males
were 27.3 and 26.0 g/animal/day, respectively. The mean initial and final food
consumption in control females were 18.8 and 19.2 g/animal/day. There were no
significant treatment-related changes.

Toxicokinetics: None.

Necropsy: No significant treatment-related changes were observed in FO males or
FO females when compared to control.

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Pre- and Post-
implantation loss etc.): There were no treatment-related changes in
mating/fertility index, corpora lutea, pre- or post-implantation losses, and early
and late resorptions. However, although not dose-related and not statistically
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significant, there is an apparent treatment-related increase in the number of pre-
implantation loss (as shown in the following table). ‘No treatment-related
- differences were observed in relative sperm count, sperm motility characteristics
or sperm breakage. Fertility and reproductive parameters for hysterectomized rats
on GD 20 are shown in the following table:

Parameter 0 mg/kg/day 0.2 mg/kg/day | 2.0 mg/kg/day | 5.0 mg/kg/day
N= 17 16 20 18
Mating Index, % 95 947 - 100 95
Fertility Index, % NA NA NA NA
Corpora lutea/dam 17.66 17.44 17.40 17.61
Implant sites/dam 16.88 16.38 14.65 17.39
Pre-implantation loss, % 4.55 6.28 14.96 1.89
Post-implantation loss, % | NA NA NA NA
Resorptions/litter :

- Total 1.24 0.88 1.05 1.22
- early 1.24 0.88 1.00 1.22
- late 0 0 . 0.05 0
Live fetuses/dam 15.65 15.50 13.55 16.17
Dead fetuses/dam 0 0 0 0

NA: Data not available.

In an intravenous Segment I fertility and reproductive performance study in rats, animals
were administered alvimopan at 0, 0.2, 2 and 5 mg/kg/day. There were no apparent
treatment-related adverse effects on the reproductive parameters of male or female rats or
on the development of fetuses. There was an apparent treatment-related increase in the
number of pre-implantation loss. However, these increases were neither dose-related and
nor statistically significant. The NOAEL for reproductive toxicity for alvimopan, under
the conditions of this study was considered as 5 mg/kg/day for both male and female
animals. In the absence of toxicokinetic data, exposure level could not be compared with
that of human.

Study Title: Segment II Intravenous Teratology Study in the Rabbit

Key Study Findings: In the Segment II teratology study in the rabbit, four groups of
dams (20/group) were administered intravenous bolus injection of alvimopan at 5, 10,
and 15 mg/kg/day from days 6 to 18 of gestation. Overall, no external, visceral and
skeletal changes were observed in the pups that could be attributed to alvimopan
treatment. The NOAEL for maternal toxicity and developmental toxicity was determined
as 15 mg/kg/day. Alvimopan was not considered teratogenic in the rabbit at the tested
doses.

Study No.: 4401-002/14TX004
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Volume #, and Page #: EDR: NDA 21-775: pharmtOx\toX\MOl-OOZ.pdf

Conducting Laboratory and Location: ————

Date of Study Initiation: February 17, 2002

GLP Compliance: A statement of compliance was included.

QA Reports: yes (X )no ().

Drug, Lot #, and % Purity: Alvimopan, Lot 01-0088, 99.09%

Methods: In this study, timed mated New Zealand White rabbits were randomly
assigned to four dosage groups (Groups I through IV, n = 20/group). Alvimopan, and the
vehicle (0.9% aqueous sodium chloride solution), were administered intravenously (bolus
injection) once daily to these female rabbits on gestation days 6 (GD6) through GD18 at
dosages of 0, 5, 10 and 15 mg/kg/day (6 ml/kg).

Doses: 0, 5, 10 and 15 mg/kg/day by slow i.v. bolus injection

Species/Strain: New Zealand White rabbits

Number/Group: 20/group

Route, Formulation, Volume: Intravenous, solution, 6 mb/kg.

Satellite Groups Used for Toxicokinetics: None.

Study Design: The following table (from page 29 of the sponsor’s report) shows
the study design.

2.7.1. Dosage Administration

Dosage
Dasage Dosage* Concertration |  Volune Number of
Group | (mg7ke/day) {mg/mL) {mL/kg) Rabbits Assigned Rabbit Numbcrs
1 Q (Vehicle) 0 6 20 8601-8620
i 5 83 6 20 8621 - 3624, 4495°, 8626 -
8640
i1y 10 1.7 [ 20 8641-8660
v 15 25 6 20 8661-8680
a. The test article was considered 100% pure for the parpose of dosage calculations.

b. Rabbit 8625 was removed from study duc to reduced body welght and was replaced with rabbit 4495,
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Parameters and Endpoints Evaluated: All rabbits were observed daily for
mortality and for general appearance and clinical signs. Body weights were
recorded on a daily basis. Food consumption values were recorded daily
throughout the study. Blood samples were collected from five rabbits per Groups
II through IV on GD6 and GD18 at predose and at approximately 15 minutes, 30
minutes, 60 minutes and 8 hours postdose. The surviving rabbits were Caesarean-
sectioned on GD29 and a gross necropsy of the thoracic, abdominal and pelvic
viscera was performed. The number of corpora lutea in each ovary was recorded.
The uterus was excised and examined for pregnancy, number and distribution of
implantations, early and late resorptions and live and dead fetuses. All fetuses
were weighed and examined for gross external and skeletal alterations.

Results:

Mortality (Dams): There were no mortalities in this study.

Clinical Signs (Dams): Treatment-related clinical signs included localized
alopecia (limbs, underside or back), soft or liquid feces, ungroomed coat,
lacrimation and scanty feces. However, the incidences were not dose-related and
the signs were observed in only a few rabbits at any dosage group. '

Body Weight (Dams): The initial and final body weights of control animals were
3.39 and 3.69 kg, respectively. There were no significant treatment-related
changes.

Food Consumption (Dams): The mean initial and final food consumption in
control animals were 174.6 and 161.0 g/animal/day, respectively. There were no
treatment-related changes.

Toxicokinetics: The exposure to alvimopan and ADL 08-0011 was dose-related
from GD6 through GD18. Exposure to alvimopan was found to be greater than
that of the metabolite, ADL 08-0011. The exposure to alvimopan appeared
similar on GD6 and GD18; however, the exposure to the metabolite ADL 08-
0011 appeared to increase between GD6 and GD18. The mean AUCy 1, value at
15 mg/kg/day at GD6 and GD18 were 205- and 277-times the human exposure at
the proposed human dose of 12 mg b.i.d. (mean AUCy.j2n and Cmax for
alvimopan in humans at oral dose of 12 mg b.i.d. dose 40.2 ng.hr/ml and 10.98
ng/ml). The mean toxicokinetic parameters are shown in‘the following table
(from page 190 of the sponsor’s report).
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Terminal and Necroscopic Evaluations: C-Section Data (Implantation Sites, Pre-
and Post-Implantation Loss etc.): Caesarean-sectioning and litter parameters were
unaffected by alvimopan treatment up to 15 mg/kg/day. The number of corpora
lutea, implantations, litter sizes, live fetuses, early and late resorptions, fetal body
weights, percent resorbed conceptuses, and percent live male fetuses were
comparable among the four dosage groups and there were no significant
treatment-related changes. There were no dead fetuses. The following table

. (from page 53 of the sponsor’s report) shows the maternal intrauterine
observations.

pears This Way
on Qriglnal
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Offspring (Malformations, Variations etc.): One Fetus (8673-8) in the 15

mg/kg/day group had gastroschisis (the liver, intestines'and the urinary bladder
protruded through the abdominal opening). Soft tissue examination confirmed the
gastroschisis and revealed moderate dilation of the left renal pelvis. There were
no other gross external alterations. One fetus in each of the 5 and 15 mg/kg/day
dosage groups had a circumcorneal hemorrhage in the right eye and was attributed
to trauma during processing. Absence of the intermediate lobe of the lung was
observed in 2 and 3 fetuses from 1 and 2 litters in the 5 and 10 mg/kg/day groups,

respectively. The fetal alterations observed in this study were not considered
treatment-related for the following reasons: 1) the incidences were not dose-

related, 2) alterations were seen in only one fetus, and 3) the litter incidence was
within the testing facility historical control ranges. Overall, no external, visceral
and skeletal changes were observed that could be attributed to alvimopan
treatment. Alvimopan was not considered teratogenic in the rabbit. Fetal
external, visceral and skeletal alterations following i.v. alvimopan administration
in the rabbit are summarized in the following table.

Parameter 0 mg/kg/day 5.0 mg/kg/day | 10 mg/kg/day | 15 mg/kg/day
Litters Evaluated (N) 20 _ 20 19 18
Fetuses Evaluated (N) 178 188 163 170
Live (N) 178 188 163 170
External Alterations (Fetal Incidence)

Gastroschisis o [0 [0 ¥*
Fetal Visceral Aberrations (Fetal Incidence)

Eyes: Cirrcumcorneal 0 1 0 1
hemorrhage

Lungs: Intermediate lobe absent | 0 2 3 0
Liver: Protruded through 0 0 0 1EE
abdominal opening

Kidneys: Dilated, moderate 0 0 0 1**
Intestine: Protruded through 0 0 0 [F*
abdominal opening

Bladder: Protruded through 0 0 0 ¥
abdominal opening

Skeletal Aberrations (Fetal Incidence)

Skull

Irregular ossification I 5 l 0 l 1 4
Hyoid

ALA, angulated [1 |0 [ 1 3
Ribs

Not ossified (10" rib, left) [0 [0 [0 1**
Sternum

Sternal centra: fused 0 3 6 4
Sternal centra: asymmetric 0 1 0 1

Vertebrae
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Thoracic: unilateral ossification | 0 [0 [0 [ 1%
Pelvis -
Pubis, not ossified [ 1 [0 |0 10

**: Fetus 8673-8 had other visceral alterations.

In the Segment II teratology study in the rabbit, four groups of dams (20/group) were
administered intravenous bolus injection of alvimopan at 5, 10, and 15 mg/kg/day from
days 6 to 18 of gestation. Overall, no external, visceral and skeletal changes were
observed in the pups that could be attributed to alvimopan treatment. The NOAEL for
maternal toxicity and developmental toxicity was determined as 15 mg/kg/day.
Alvimopan was not considered teratogenic in the rabbit at the tested doses. The exposure
to alvimopan appeared similar on GD6 and GD18; however, the exposure to the
metabolite ADL 08-0011 appeared to increase between GD6 and GD18. The mean
AUCq.1n value at 15 mg/kg/day at GD6 and GD18 were approximately 205 and 277 times
the human AUC at the proposed human dose of 12 mg b.i.d. (mean AUCy.15, and Cmax
for alvimopan in humans at oral dose of 12 mg b.i.d. dose were 40.2 ng.hr/ml and 10.98
_ng/ml, respectively).

On or Igingy
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Embryofetal Development °

Study Title: Intravenous Segment III Perinatal and Postnatal Dévelopmental Toxicity
Study in the Rat

Key Study Findings: In the Segment III perinatal and postnatal developmental study in
the rat, four groups of dams (25/group) were given daily intravenous injections of 2, 5
and 10 mg/kg/day of alvimopan from gestation day 7 through lactation day 20. The
NOAEL for maternal and reproductive toxicity was determined as 10 mg/kg/day. In this
study, both alvimopan and its metabolite were found in the milk. It appears that the drug
and its active metabolite are capable of being excreted through the breast milk.
Alvimopan was not found to be teratogenic in the rat at the tested doses.

Study No.: 4401-001 (14TX003)

Yolume #, and Page #: EDR NDA 21-775: pharmtox\tox\4401-001.pdf

Conducting Laboratory and Location:  ssssssssssssm—"=

Date of Study Initiation: October 30, 2001

GLP Compliance: A statement of compliance was included.

QA Reports: yes (X )no( )

Drug, Lot #, and % Purity: Alvimopan, Lot 01-0088, 100%

Methods: Pregnant female SD rats (25 rats per group) were administered alvimopan
intravenously at 0, 2, 5 or 10 mg/kg/day (Groups I through IV respectively). The dose
volume was 4 ml/kg. An additional three rats per group were assigned to the satellite
groups (Groups II through IV) for toxicokinetic (TK) evaluations and milk collection.
Alvimopan or vehicle (0.9% Sodium Chloride Injection, USP) was administered once
daily on day 7 of gestation (GD7) through day 14 of lactation (DL 14) to rats assigned to
the satellite groups, DL 20 (rats assigned to the main study) or GD 24 (rats that did not
deliver a litter). At approximately 90 days of age, the Fl generation rats within each
dosage group were assigned to cohabitation for 16 days. Surviving female rats were
sacrificed on GD21, Caesarean-sectioned and a gross necropsy of the thoracic, abdominal
and pelvic viscera was performed.

Doses: 0, 2, 5 and 10 mg/kg/day, i.v.

Species/Strain: Sprague/Dawley rats

Number/Group: 25/group
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Route, Formulation, Volume: Intravenous, 4 ml/kg.

Satellite Groups Used for Toxicokinetics: 3/group

Study Design: The following table shows the study design. The following table
shows the study design (from page 26 of the sponsor’s report).

2.7.1. Fo Generation Rats

Dosage: Dosage* | Conceatrationn | Volume | Nuimber of Assigned Rat Numbers

Group | (nghkg/day) | (mg/ml) | (mifkg) | FemaleRats | Main Srudy Rats | Sadellite Study Rals |
1 0 (Vehicle) 0 4 235 12301 - 12225 N/A
il 2 0.5 4 25 +3° 12226 - 12250° 2552 . 2534
m 5 1.25 ° 4 25+3° - 12951 - 12275 2555 - 2557
v_ 10 15 4 2543 | 12276 - 12255, 12900 2558 - 2560

% Th test article was considered 100% pure for the purpose of dosage ¢aleutations.

b, Additiona! rats per group constituted & satcHite group for toxicokinetic.evaluation and milk ssmple collection.

¢ Rat 12250 and 12299 were placed in the satellite study for blood and milk sample coltection on DL 14 duc to the
moartality thae accurved during bload collection on DG 18.

N/A - Net Applicable.

2.7.2. F1 Generation Rats

Number Matcma) y .
Dosage of Dasage Assigned Numbers
Group { RarsfSex (mgfkpfday)® Male Rats Female Rats
[ a5 0 (Vehiclc) 14001-14025 14101-14125
n 25 2 . 14026-14050 14126-14150
[T} 25 5 14051-14075 14151-14175
™ 25 10 14076 - 14082, 192257, 14084 - 14100 1417614200

a Mate rat 14083 was removed from study due to escape frotn lts cage and replaced with male rat 192.5

Parameters and Endpoints Evaluated:

FO Generation Female Rats

All FO generation rats were observed for mortality twice daily. The rats were
observed for clinical signs, abortions, premature deliveries and deaths daily before
dosage, approximately 60 minutes after dosage administration and once on the
day of sacrifice. Body weights were recorded weekly during acclimation, on
GDO, daily during the dosage period and at sacrifice. Food consumption values
were recorded on GDs 0, 7, 10, 12, 15, 18, 20 and 25 and DLs 1, 4, 7, 10 and 14.
Maternal behavior was evaluated on DLs 1, 4, 7, 14 and 21. Blood samples were
collected on GDs 7 and 18 and DL 6 at approximately 15, 30 and 60 minutes
postdosage from each rat assigned to the satellite groups. Milk samples were
collected on DL 14 at approximately 1 hour postdosage from all rats assigned to
the satellite study and three randomly selected rats from the vehicle control group.
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After completion of the 21-day postpartum period, female rats assigned to the
main study were sacrificed and a gross necropsy of the thoracic, abdominal and
pelvic viscera was performed. The number and distribution of implantation sites
was recorded.

F1 Generation Male and Female Rats

All Fl generation male and female rats were observed for mortality twice daily.
These rats were also examined for clinical observations and general appearance
once weekly during the postweaning period. Body weights for male rats were
recorded weekly during the postweaning period and at sacrifice. Body weights
for female rats were recorded weekly during the postweaning period and on GDs
0,7, 10, 14, 17, 20 and 21. Food consumption values for male rats were recorded
weekly except during cohabitation. Food consumption values for female rats
were recorded weekly during the postweaning period except during cohabitation
and on GDs 0, 7, 10, 14, 17 and 21. Beginning at day 24 postpartum (pp), one
male rat and one female rat from each litter were evaluated in a passive avoidance
test for learning, short-term retention and long-term retention. Beginning at
approximately 70 days pp, one male rat and one female rat from each litter were
evaluated in a water-M-maze test for overt coordination, swimming ability,
learning and memory.

At approximately 90 days of age, the Fl generation rats within each dosage group
were assigned to cohabitation for 16 days. Surviving female rats were sacrificed
on GD21, Caesarean-sectioned and a gross necropsy of the thoracic, abdominal
and pelvic viscera was performed. The rats were examined for number and
distribution of corpora lutea, implantation sites and live and dead fetuses.
Placentae were also examined. Uteri of apparently nonpregnant rats were
examined to confirm the absence of implantation sites. Each fetus was weighed
and examined for sex and gross external alterations. Surviving male rats were
sacrificed approximately one week following the start of Caesarean-sectioning of
the female rats. A gross necropsy of the thoracic, abdominal and pelvic viscera
was performed. Testes and epididymides of male rats were excised and grossly

- evaluated.

Results:

Mortality (Dams): There was no mortality.

Clinical Signs (Dams): No significant treatment-related clinical signs were
observed.

Body Weight (Dams): The initial (GDO) and final (GD20) body weights of
control animals were 238.5 and 397.5 g, respectively. There were no significant
treatment-related changes.
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Food Consumption (Dams): The initial and final food consumption values for
control females were 24.4 and 25.0 g/animal/day, respectively. There were no
significant treatment-related changes except on GD10 (91.6% of control) and
GD12 (91% of control).

Toxicokinetics (Dams): Rats were exposed to alvimopan and ADL 08-0011 in a
dose-related manner from GD7 through DL14. On DL14, approximately 1 hour
after treatment, alvimopan was detectable in the milk at higher concentrations
than that were found in the plasma. The metabolite, ADL 08-0011, was also
detectable in the milk on DL14. The mean AUCy.p, value for alvimopan at 10
mg/kg/day at GD7, GD18 and DL6 were 11-, 15-, and 6-fold human exposure at
the proposed human dose of 12 mg b.i.d. (mean AUCj.,, and Cmax for
alvimopan in humans at oral dose of 12 mg b.i.d. dose 40.2 ng.hr/ml and 10.98
ng/ml). The toxicokinetic data are summarized in the following table (from page
403 of the sponsor’s repart).

e

-

Meau + 81 (N=3) Alvimopan Toxicokinctic Parameters Following Intravenaus Bolus Injection of
Alvimopan to Preguant Rats from Gestation Day 7 fo Lactation Day 14
DG7 DG 18 . i DL 6

Dogage level Crax® AU tr) Crax? AUC(O-1 hry Craxd AUC(G-t hn)

(mg/kg/day) (ol | (ngebréml) (ng/ml) {ngehe/ml) Anghml) {ngehriml.)
2 12921 662481 2144 120 14353 1070 7265
3 328 %3 162+ 11 G312 % 369 9% 1838 240 £ 167 12578
W 930+ 69 438 + 48 1150+ 270 608 % {77 509t 245%

a. Cmax was observed at 1S minutes; the first blood eollection time point after dosing

T N=2

c: N=t

The mean plasma concentrations of alvimopan and ADL 08-0011 in the plasma
and milk are shown in the following table (from page 412 of sponsor’s report).
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Table 7. Individual and Mean (+SD) Alvimopan Coicentrations (ng/mL) in
' Plasma and Milk Following Intravenous Bolus Injection of 2, 5 or 10
mg/ke Alvimopan to Lactating Rats on DL 14

Dosage level
__2 mg/kg/day
Analyte Concentration {ng/mlL}
Plasma ] Mk ]
Rat Alvimopan _ Alvisopan [ aDLoB-0OLI
2552
2553
122508 ) .
Mean NC 98. 0314
SD 96 0.067
5 mg/kg/day
Analyte Conctntration {ng/ral)
Plasma Milk
Ratt Alvimopan ] Alvimop | ADLes-001T
2558
2556 R
2557 L .
Mean 28 170 138
so 110 20 013
10 mig/ky/duy
Analyie Concenteation (ng/mt.)
Plasom Milk
Rt Alvimopan Afvimapan { ADL 98-0011
122998
2559 R A S
2560 ] ]
Mean 321 48 352
SD 6.5 61 . 1.00
Notes:

Plasma and milk saruples were collected approxunately 1 hour followsng dose adranistration
(mifk but not plasme samples were also collected from 3 mats in the mam study eontral group)
ADL 08-0011 was not detectable in any of the plasma samples

Alvimapan was detectable in the milk sample (13.6 ngfmk) collected from 143 rats n the s
study control group; the: reason for this is unknown

Nerther alvimopin {except for onc sample; 17.9 ngfml) nor ADL 08-0011 was detectable 1 any
of the 4 paoled plisma sarples coliceted from pups of cach litter

NC «= Not caleutated {treated a2 (} since <50% of the plasma ssmples were shove the

. quantitacion et
a: Anemil from main study group to replace ansmal in satellite group that died following Mood
collechons on DG 18
4401-001 FINAL Page 18

412

Terminal and Necroscopic Evaluations: C-Section Data (Implantation Sites, Pre-
and Post-Implantation Loss etc.): Pregnancy rate, number of implantation sites,
gestation index (number of dams with one or more liveborn pups/number of
pregnant rats), and the numbers of dams with stillborn pups were comparable
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among the four dosage groups The following table shows the C-section data
(from page 65 of the sponsor’s report).
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FROTOCOL 4401-001:  INTRAVEROUS CEVELOPENTAL AMD PRRINATAL/EOSTHATAL REFRODUCTIVE TOXICIY STUDY OF ALVIHOPRK (ADL &-26981 IN
BPRAGUE-DANLEY RATS, INCLUDIIG A FOSTHATAL BEMAVIORAL/FUNCTIOMAL EVALURTION (SPONSOR'S STUDY NHERR: MATXGON

b-
8 TAELE Bl (PAJE 1): MATURAL DELIVERY ORSERVATIONS - SUMMARY « Fo CRMERATION FEMALE RATS

_'%, DOGACE GRote ' 1 i : 1 W
a [OSAGE (MG/R0/DRY)4 & {VEHICLE) 2 5 10
RATS ASSIGNED T0
VATORAL DELIVERY . ¥ B % x5 %
E BRECHANT fitt) 4 9.0 Cata 21100.0) 25(100.0)
DELIVERED LITTERS By 23{100.0) 3411600} BLine.al 25(109.61
DURRTION OF CESTATION b MEANSS.D. 6§ 0.8 By 08 281 04 %9y 49
INELAHTATION 4TTES ¥ 1% i 406 18
DER DELIVERED LITTER  HEAM:2.D. 163 17 B 2l .24 13 Wiy 1.9
o | He [ ke
VA GAMS WITH STILLBCRN FUBS (Y] 3L 143 L) IR N
DAMG WITH MO LIVEBCRN PUPS (i) 8 9.9 o 0.0 o 0.0 2l 0m
GRSTATION N0EX d t 102.6 100.6 100.0 16,9
HfN B A/ TR 5/ %
DRHE WITH AL FURS DYING
DAYS 14 POSTPARTUM Rt B¢ 0.0} of 0.0 6 0.0 TR
DAMS WITH ALL PUPS DYDNG
o 0.0 #oan

DRYS 5-21 POBTRARTGM LI of 0.0 0{ 0.0}

- B R Lt T L LT Ty Sy LU PI P R LR R 3 U

{] = WHEER OF VALUES AVERAGED
4, Dosage oceurred ¢n day 7 of geatabion through day 20 of lactation.

b, Caletlated 25 the tine {in days] elapsed betveen confirmed mating (arhitrarily dofined as day 01 and the time {in duyss

the flrst pup vag delfvered,

8. Exclodes valued for damg that were sacrificed on day 14 of lactatiod for blaod and wilk sanple collection; Implantal fan gites

ware not recorded.
4. tumber of rata with live offapring/numbor of pregrant rats.

162



Reviewer: Tamal K. Chakraborti, Ph.D. NDA No. 21-775

FROTOCOL ¢401-001: INTRAVENOUS BEVELOPMENTAL AND PERIVATAL/BOSTATAL AEFRODUCTIVE TOXICITY STUDY OF ALVIMOPAN (RDL 8-26%%1 I¥
BPRAGUE-DWKLEY RATS, INCLUDING A POSTNATAL BEMAVIONAL/PTRCTICHAL BVALUATION {SBCHSOR'S STUDY NTMBER: 14TX003}

TRELE BY2 (EASE 1) LITTRR QBAERVATIONS (HATURALLY DELIVERED PUBS) - SUBMMARY - Fl GEWERATION LITTERS

DOSAGE {MG/KG/DAY]R ', 0 (VERICLE! 1 S 1
. DELIVERED LITTERS WITH
(N8 OR MORE LIVEBORN FUP3 N U pal % 2%
FUPS DRLIVERED {TOTALI i £33 318 95 /4
MRAMED. . BT L9 .t 22 B5Eg LY 150+ 1.8
LIVEBORY HERMS.D. 188y LI Mt 21 BB.7¢ 390 M3t 19
Ll 56¢ 98.6) 2 95.01 192( 95.3) FOTRLN
STTLLEORY HEhgS. 0. pip 0.9 B X t1g 03 814 0.4
LG LI R H 10 i oom 308

g PURS FOUND DEAD, MORIBUND SACRIFICED, OR PRESUMED CANNIBALLIED

My 1 Wit} 17356 0.49) TE IO ] B 14171 3! T 0.8
phvg 1§ Wi §1481 1.4 it 0.3 3I86{ 0.0 311 0.8
DAYS 5< 7 Ny 048{ 8.8 e Lo $/a 1. 268 05
Y8 B-14 LHHAY el 0.y e Lo Aq3mal 0.5 2/366( 0.5
oag 18 LA Uist 6.8 8/287 0.0)d 0/174{ 0.0} 1580 0314
VIABILITY INDEX b H §1.8 95.4 7.7 3.4

7] 148/356 3167342 383/192 HI TR
LACTATION TMDEX ¢ ¥ 8.8 9.0 48,2 98.8

01 U4/ # 1180383 19/1544

DAY(S) = DAY(S} POSTPARTIM

3. Tosage occurred on day 7 of gastation through day 20 of lactation,

b. MHusher of lve pipa on day { poatpartus/tnber of 1iveborn pups on day | postpartan.

¢, Humber of lve pups o day 21 postpartun/muber of live pupe on day 4 postpartus,

d. Eveludes values for llttars la vhich the dam vas sacrificed on day 14 of lactation for blocd and milk sample onllection.

Offspring (Malformations, Variations etc.): There were no treatment-related
effects on learning, short-term retention, long-term retention or response
inhibition and water maze performance in the F1 generation male and female rats.
Mating and fertility of the F1 generation rats were unaffected by the treatment.
All Caesarean-section and litter observations had comparable incidences in the
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four maternal dosage groups. The litter averages for corpora lutea, implantations,
litter sizes, live litter sizes, early and late resorptions; percent resorbed
conceptuses, percent male fetuses, fetal body weights and the number of dams
with resorptions were comparable among the groups. There were no fetal gross
external observations. It is to be mentioned here that the sponsor did not provide
details of the fetal external, skeletal and visceral observations.

In the intravenous Segment III perinatal and postnatal reproductive study in the rat, four
groups of dams (25/group) were given daily intravenous injections of 2, 5 and 10
mg/kg/day of alvimopan from gestation day 7 through lactation day 20. The NOAEL for
maternal and reproductive toxicity was determined as 10 mg/kg/day. In this study, both
alvimopan and its metabolite were found in the milk. It appears that the drug and its
active metabolite are capable of being excreted through the breast milk. The mean
AUCo.;1 value for alvimopan at 10 mg/kg/day at GD7, GD18 and DL6 were 11-, 15-, and
6-fold human exposure at the proposed human oral dose of 12 mg b.i.d. (mean AUCy. 4
and Cmax for alvimopan in humans at oral dose of 12 nig b.i.d. dose were 40.2 ng.lir/ml
and 10.98 ng/ml, respectively).

2.6.6.7 Local Tolerance -

None
2.6.6.8 Special Toxicology Studies

Study Title: Primary Eye Irritation Study in the Rabbit

Key Study Findings: Alvimopan caused eye irritation in this study when applied-at a
dose of 0.0420 g. Alvimopan was considered to be a mild irritant to the ocular tissue of
the rabbit.

Study No.: 3130.117

Volume #, and Page #: EDR: NDA 21-775: pharmtox\tox\3130.117.pdf

Conducting Laboratory and Location:
" Date of Study Initiation: June 3, 1993

GLP Compliance: The statement of compliance was not included.
QA Reports: yes(X) no( )

Drug, Lot #, and % Purity: Alvimopan, Lot No. 284MH?2, purity data not provided

Formulation: Powder
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Methods: Each of six rabbits received a 0.0420 g dose (0.1 ml equivalent) of alvimopan
in the conjunctival sac of the right eye. The contralateral eye of each animal remained
untreated and served as a control. Test and control eyes were examined for signs of
irritation for up to 7 days following treatment.

Results: Alvimopan exposure produced iritis in 5 of 6 test eyes at 1 hour scoring
interval, however, this was resolved completely in all test eyes by the 48 hour scoring
interval. Conjunctivitis (redness, swelling and discharge) was also noted in 6 of 6 test
eyes at the 1 hour scoring interval. The conjunctival irritation diminished during the
remainder of the test period and resolved completely in all test eyes by the 72 hour
scoring interval. Under the conditions of this test, alvimopan was considered to be a mild
irritant to the ocular tissue of the rabbit.

Study Title: Acute Eye Irritation Study of Alvimopan in the Rabbit

Key Study Findings: Administration of 0.1 g of alvimopan powder or 0.1 ml of
alvimopan suspension (0.5 g alvimopan per ml of 0.5% carboxymethylcellulose in
deionized water) resulted in slight to diffuse conjunctival redness. Alvimopan may be
classified as mild eye irritant in this study under the conditions of the experiment.
Study No.: 808-013

Volume #, and Page #: EDR: NDA 21-775: pharmtox\tox\808-013.pdf

Conducting Laboratory and Location:

Date of Study Initiation: February 20, 2002

GLP Compliance: The statement of compliance was included.

QA Reports: yes (X) no( )
Drug, Lot #, and % Purity: Alvimopan, Lot No. R009340, 98.9%

Formulation/Vehicle: Suspension/0.5% Carboxymethylcellulose (CMC)

Methods: Alvimopan was administered as a powder (0.1 g) once to the right
conjunctival sac of three animals (Group 1) and as a suspension (0.1 ml) to right
conjunctival sac of an additional three animals (Group 3), while the left eye of each
animal served as the contralateral untreated control. Animals were observed for
mortality, body weights, and ocular irritation over a 72-hour period. Ocular irritation
observations were recorded at 1, 24, 48, and 72 hours postdose for both eyes and graded
utilizing the “Draize” scale. The eyes were examined using sodium fluorescein and
ultraviolet light at 24 and 72 hours postdose. At study termination, all animals were
euthanized and discarded without necropsy. The study design is shown in the following
table (from page 11 of the sponsor’s report).
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Group Assignment
Group - ~ Number of Animals
 Number Dose Level Male
1 g1g 3
3 0.1 mL' . 3

“The dose was approximately C.1 g of
" alvimopan (ADL 8-2698).
:*The dose was approximately 0.1 mL of
- alvimopan (ADL 8-2698) per mL of 0.5%
! carboxymethylcellulose (CMC) in deionized water.

Results: No cornea or iris changes and no chemosis were observed during this study in
any animal. For the Group 1 (0.1 g) animals at the 1 hour interval, one animal had slight
redness and 2 animals had moderate or diffuse redness. For the Group 3 (0.1 ml)
animals, all three had slight redness at the 1 hour interval. There was no other
conjunctival redness at any interval. The maximum average ocular irritation score at 1
hour post dose for Group 1 (0.1 g) was 1.3. The maximum ocular irritation score for
Group 3 (0.1 ml) was “0”. Overall, administration of 0.1 g of alvimopan powder or 0.1
ml of alvimopan suspension (0.5 g per ml of 0.5% carboxymethylcellulose in deionized
water) resulted in slight to diffuse conjunctival redness. Alvimopan may be classified as
mild eye irritant in this study under the conditions of the experiment.

Study Title: Acute Dermal Toxicity/Irritation Study in Rabbits with Alvimopan

Key Study Findings: Alvimopan was classified as a slight irritant to the dermal tissue.
The primary irritation index was determined as 0.60.

Study No.: 3130.118

Volume #, and Page #: EDR: NDA 21-775: pharmtox\tox\3130118.pdf

Conducting Laboratory and Location: ' s s ms e

Date of Study Initiation: June 2, 1993

GLP Compliance: The statement of compliance was not included.

OA Reports: yes (X ) no( )

Drug, Lot #, and % Purity: Alvimopan, Lot No. 284dMH?2, purity data not provided

Formulation: Powder
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Methods: In this study, one group of five male and five female rabbits received a single
dermal administration of the test article at a dose of 1000 mg/kg. Alvimopan was
administered dermally to the shaved area. The delineated area was moistened with
distilled water and the test article was then spread evenly over the delineated area and
covered with gauze dressing. Animals were observed for clinical signs on a daily basis.
Animals were examined for dermal toxicity (erythema and edema) on Day 1 and daily
thereafter (Day 1-14). :

Results: Clinical signs included dermal irritation at the site of test article application,
dark material around the facial area, decreased defecation, fecal staining and clear ocular
discharge. Alvimopan was classified as a slight irritant to the dermal tissue. The primary
irritation index was calculated as 0.60 (0.00: Nonirritant; 0.01-1.99: slight irritant; 2.00-
5.00 moderate irritant; 5.01-8.00 severe irritant as per dermal evaluation criteria by
Environmental Protection Agency).

Study Title: Acute Dermal Irritation Study of Alvimopan in Rabbits

Key Study Findings: Alvimopan did not produce any erythema or edema at any of the
observation period. The primary irritation index for alvimopan was determined to be
zero (0). Alvimopan was classified as a non-irritant to rabbit skin under the conditions of
the experiment.

Study No.: 808-014

Volume #, and Page #: EDR: NDA 21-775: pharmtox\tox\808-014.pdf

Conducting Laboratory and Location: ey

Date of Study Initiation: March 4, 2002

GLP Compliance: The statement of compliance was included.

QA Reports: yes(X) no( )

Drug, Lot #, and % Purity: Alvimopan, Lot No. R009340, 98.9%

Formulation: Powder

Methods: Alvimopan (0.5 g) was administered once on Day 1 via dermal application to
a single site on the back of each animal for a four hour exposure period. The test site was
evaluated for erythema and edema within 30-60 minutes and at 24, 48, and 72 hours
following patch removal and was graded utilizing the “Draize” scale. Observations for
mortality and body weights were also conducted during the course of the study.
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Results: Alvimopan did not produce any erythema or edema at any of the observation
period. The primary irritation index for alvimopan was determined to be zero (0).
Alvimopan was classified as a non-irritant under the conditions of the experiment.

Study Title: Skin Sensitization Study (Buehler Method) of Alvimopan in the Guinea Pig

Key Study Findings: Alvimopan did not cause sensitization reaction at the tested doses
when compared to vehicle control.

Study Ne.: 808-015

Volume #, and Page #: EDR: NDA 21-775: pharmtox\tox\808-015.pdf

Conducting Laboratory and Location:

Date of Study Initiation: February 20, 2002

GLP Compliance: The statement of compliance was included.

QA Reports: yes(X) no( )

Drug, Lot #, and % Purity: Alvimopan, Lot No. R009340, 98.9%

Formulation: Powder

Methods: Alvimopan and hexylcinnamic aldehyde (HCA, positive control) were
administered dermally via a closed topical patch on a clipped area of intact skin using a
modified Buehler technique. This study was conducted in three phases. A range-finding
phase to determine the appropriate dose levels, an induction phase to stimulate
sensitization and a challenge phase to measure the degree of sensitization. Closed
patches were applied to the animals as follows: 0.4 milliliters of a dose suspension or 0.4
grams of undiluted test article was applied to a ewmewessnem affixed with adhesive
tape. The patch was then overwrapped with clear plastic to provide an occluded wrap
secured with emswsmmsm tape. The animals were returned to their home cage and
remained unrestrained during the exposure period. Approximately six hours
posttreatment, the plastic wrap and patch were removed. The study design is shown
below (from page 9 of the sponsor’s report).
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Group Assignments — Induction Phase” °

Group Number of Animals
Number Dose Level Male _Female
1 0% Untreated Comtrol 0 0
2 100% (HCA) 5 5

3 100% Treated 10 . 10

| *Hexlycimoamic Aldehyde (HCAY was used undifuted (100%6) as a positive contvol,

Group Assignments — Challenge Phase

Group " Number of Animals®
Number Dose Level Male Female
| 50% ADL 8.2698 5 . 5
2 50% (HCAY 5 5
3 50% ADL 8-2698 10 19

. | *Hexbycinmamic Aldchyde (HGAY was used dilused with mimeral oil (50%) a3 a positive comrol,
*The sane animals were used for the tuduction end Challerige Phades.

In the range finding assay, the test article was administered to four sites (2/site) on each
animal (one concentration per site) at concentrations of 25, 50, 75, and 100% (w/w), via
topical patch application. Applications were observed and graded at 24 and 48 hours
postdose.

In the induction phase, patches were applied to all test animals as described before. The
patch application was repeated at the same site once a week for the next two weeks for a
total of three, six-hour exposures (Days 1, 8, and 15). Dermal evaluations were recorded
at 24 and 48 hours after each induction exposure was completed, according to an
established grading method. After the last induction exposure, the animals were left
untreated for two weeks before the challenge phase. ’

In the challenge phase, the test group and the positive control animals previously exposed
during the induction period and the untreated control animals were challenged two weeks
after the last induction exposure (Day 29) using patches as described before. The
responses were graded at 24 and 48 hours after patch removal.

Dermal irritation evaluations were conducted according to the following scale (from page
12 of the sponsor’s report).
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_ Sensitization Grading Method
Score : Observation
Q No visible change
0.5 Very faint erythema, usually patchy
1 Faint erythema, usually confluent
2 Moderate erythema
3 Severe erythema “with or without edemna

The sensitization was classified according to the following grade (from page 13 of the
sponsor’s report).

B ‘ ' Sensitization Classification
Sensitization Rate (%) Grade Classification
0 - Nonsensitizer
>0-8 I Weak scnsitizer
9-28 1 Mild sensitizer
19-64 11 Moderate sensitizer
65-80 v Strong sensitizer
81-100 v Extreme sensitizer

Results: For the range-finding exposures, no erythema or edema was observed at any
application site on any animal at any observation interval. Based on these results, the test
article was administered at 100% for the induction exposures and at 50% in the challenge
phase. The positive control (hexylcinnamic aldehyde) responded in an expected manner
indicating the validity of the experiment. Very few animals showed a dermal reaction
after the challenge exposure. At 24-hours after patch removal one of 10 control animals
had slight erythema and two of 20 test group animals had slight erythema. At 48-hours
after patch removal no erythema was observed in any control or test animal. The
sensitization index for the control and treated group was determined to be 10%. Based on
these results, alvimopan was considered a non-sensitizer. The results are shown in the
following table (from page 20 of the sponsor’s report).
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- Sudy Nursbar 608015
Sién Sensitization Study (Buehlsr Method] of Alvimopén (KDL 8-2698) in the Guinga Pig

Tabie 2 Summary of Dermat Scores ~ Challange (Male and Female) —
Saverity Index )
Number Muriber of Nuraser of (84 . Sensilizaiion
Group 0{ Tols;l} :gf:ow animale wih !o!asl 4B Hour Asicaaly with W T} tncidenga Iy lntl:i%ema
Ayl Seares of x1 core Scoses of 21 Hour  Hodr i ndek
. Scors  Score (8}
. 0% Unireated Canfrold 10 1 1 { g a1 00 1M0 10%
80t Treated
Positive Control
1005 Inducdion
50% Chaltanga 10 0.5 ] -7 8 1.06 [1¥g 10 0%
Test Group
100% Treatod 20 2.5 2 0 Q 0125 i} 2420 10%
50% Yreated

2.6.6.9 Discussion and Conclusions

Nonclinical toxicity of alvimopan and its metabolite, ADL 8-0011, has been studied in
several single and repeated dose (up to 6 months) toxicity studies in mice, rats and dogs
using oral and intravenous routes of administration. Overall, alvimopan showed a very
low order of toxicity in mice, rats and dogs. Generally, the highest tested dose did not
produce any significant organ toxicity, which could be partly attributed to its poor
systemic absorption following oral administration. As a result, the target organ of
toxicity could not be identified from these studies. In repeated-dose toxicity studies, the
NOAEL was approximately 500 to 5000 fold greater than the anticipated daily oral
clinical dose (0.24- 0.48 mg/kg/day based on a 50-kg body weight). Alvimopan did not
exhibit any potential genotoxicity in any of the battery of genotoxicity tests.

In addition, toxicity studies were also conducted directly with ADL 08-0011, the amide
hydrolysis metabolite of alvimopan to evaluate its potential toxicity, as exposure to ADL
08-0011 was relatively low in the repeated dose oral toxicity studies in rats and dogs
following administration of alvimopan. The results of these studies show that ADL 08-
0011 also has a low order of toxicity, even when administered by bolus i. v. injection for
up to 2 weeks. ADL 08-0011 was also not genotoxic and was not associated with any
toxic effects at dose levels up to 8 mg/kg/day.

In reproductive toxicity studies in rats and rabbits by oral and intravenous route,

alvimopan did not cause any adverse effect on the reproductive parameters of male or
female rats and rabbits. Alvimopan was not found to be teratogenic in rats and rabbits at
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the tested doses under the conditions of the experiments. Alvimopan appears to have the
potential to cause eye and skin irritation in the rabbit.

In conclusion, nonclinical studies conducted with alvimopan supported an assurance of
safety for its proposed oral use in adult male and female patients at the proposed human
therapeutic dose of 12-24 mg/day or 0.24- 0.48 mg/kg/day based on a 50-kg body weight.
2.6.6.10 Tables and Figures

Tables and figures are inserted in the appropriate sections of the text.

LABELING
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OVERALL CONCLUSIONS AND RECOMMENDATIONS

Alvimopan is a relatively selective, peripherally active p-opioid receptor antagonist
intended for the management of postoperative ileus (POI), a serious condition following
abdominal or pelvic surgery. Multiple factors contribute to both the development and
duration of POI, including exogenous and endogenous opioids. Opioid-based regimens
are the most common treatments to effectively manage post-surgical pain. However,
morphine and other p-opioid receptor agonists can prolong the duration of POI through
delayed gastric emptying, reduced gastrointestinal (GI) motility, and disrupted colonic
myoelectric activity. Alvimopan antagonizes the peripheral effects of opioids on
gastrointestinal motility and secretion by binding to gastrointestinal tract p-opioid
receptors. The sponsor is seeking marketing approval for alvimopan to accelerate time to
recovery of gastrointestinal function following abdominal or pelvic surgery.

In this NDA, the sponsor has submitted the following preclinical pharmacology and -
toxicology studies in support of alvimopan: pharmacology; absorption, distribution,
metabolism and excretion studies in rats and dogs; toxicology studies: acute toxicity
studies in mice and rats, 2-week 1.v. toxicity study in rats, 2-week i.v. toxicity study with
ADL 08-0011 in rats, 1-month oral toxicity study in rats, 4-week oral toxicity study in
rats, 6-month oral toxicity study in rats, 1-month oral and i.v. toxicity study in dogs, 4-
week oral toxicity study in dogs, 2-week i.v. toxicity study in dogs, 6-month oral toxicity
study in dogs; reproductive: combined oral Segment I and II studies in rats, intravenous
Segment I and II studies in rats, intravenous segment II study in rabbits; genotoxicity:
Ames assay with alvimopan and ADL 08-0011 (active metabolite), chromosome
aberration assay in Chinese Hamster Ovary (CHO) cells with alvimopan and ADL 08-
0011, the mouse lymphoma cell (L5 178Y/TK*") forward mutation test and in vivo oral
mouse bone marrow micronucleus assay; special toxicity study: primary ocular irritation
in the rabbit, acute dermal toxicity study in the rabbit, and guinea pig skin sensitization
test.
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Alvimopan and its metabolite, ADL 08-0011, have been shown to be highly potent and
relatively selective p-opioid receptor antagonists as demonstrated by a series of binding
and functional assays using cloned human (u, 8, x), rat whole brain (i1, 8), and guinea pig
cortex (x) opioid receptors. The Ki values for cloned human p, § and k receptors are 0.44
nM, 10 oM and 100 nM, respectively. In mice, alvimopan antagonized the peripheral
effects of opioids on gastrointestinal motility and secretion by binding to gastrointestinal
tract u-opioid receptors. Alvimopan competitively antagonized the effects of morphine
on contractility in isolated guinea pig ileum preparations. Alvimopan also dose-
dependently produced diarrhea in morphine-dependent mice with limited CNS effect,
suggesting more selective peripheral action. This limited access of alvimopan to the CNS
allows it to act peripherally without sacrificing the central analgesic effects of opioids.
Overall, alvimopan possesses various pharmacological characteristics (relatively high
selectivity for the peripheral p-opioid receptors, absence of agonist activity and limited
access to the CNS at doses that reverse peripheral effects) that support its use for the
management of post operative ileus.

Systemic absorption of alvimopan after oral doses was low in animals, with less than
10% of the administered dose reached the systemic circulation. In humans given a 12 mg
solution, or two 6 mg capsules orally, the mean absolute bioavailability was 14 and 6%,
respectively. In humans, mean plasma AUCy 124 and Cmax for alvimopan after 12 mg
oral b.i.d. dose for 4.5 days were approximately 40.2 ng.hr/ml and 10.98 ng/ml,
respectively (data obtained from the study 14CL119). The mean AUCy. and Cmax for
ADL 08-0011 in humans following oral dose of 12 mg b.i.d. alvimopan for 4.5 days were
1642.5 ng.hr/ml and 35.73 ng/ml, respectively (data obtained from study 14CL119).
Systemic plasma clearance in humans was slower than animals. The volume of
distribution is comparable across species. The estimated half- life in rats and dogs was
approximately 2.0 and 0.2 hrs, respectively. The plasma half-life in humans given an
intravenous dose of 12 mg was 5.3 hr compared to 2.0 and 0.2 hours in rats and dogs,
respectively. The pharmacologically active metabolite, ADL 08-0011, was formed in all
species following oral or intravenous administration of alvimopan, including humans.
Generally, plasma concentrations of ADL 08-0011 after oral doses of alvimopan were
greater than those of the parent drug in mice, rats, and human, but were less than those of
the parent drug in dogs. Plasma protein binding of alvimopan was modest or low across
species. Free fractions ranged from 20-30% for humans, 56% for rats, 67% for mice, and
72% for dogs. Plasma protein binding of ADL 08-0011 was species dependent with free
fractions ranging from 4.5% for humans to 62% for mice. Distribution of alvimopan in
rats was generally limited to the gastrointestinal tract with little distribution to peripheral
tissues. Alvimopan and ADL 08-0011 were excreted through breast milk in rats after i.v.
administration. Alvimopan was primarily metabolized to ADL 08-0011 in humans, and
to glucuronide and sulfate conjugates in rats and dogs. Neither alvimopan nor ADL 08-
0011 inhibited any of the 5 major human CYP isozymes in human liver microsomes or
hepatocytes. Alvimopan and ADL 08- 0011 were substrates for the p-glycoprotein (Pgp)
transporter. Alvimopan was primarily excreted via the bile and feces. Inrats and dogs,
urinary excretion ranged from 25-30%.
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Acute intravenous and oral toxicity studies were conducted in rats and mice. Alvimopan
was non-lethal to rats at an i.v. dose of 20 mg/kg and an oral dose of 500 mg/kg. In mice,
alvimopan was nonlethal at 500 mg/kg when administered orally. It is to be mentioned
here that these are the only doses tested in acute toxicity studies in mice and rats.
Subacute, subchronic and chronic toxicity studies were conducted in mice, rats and dogs
after oral and intravenous administration.

In a 13-week oral (gavage) toxicity study in CD-1 mice, alvimopan was tested at 100,
300, 600 and 1000 mg/kg/day. The NOAEL was considered as 1000 mg/kg/day. In this
study, alvimopan was well tolerated with maximum plasma concentrations of 79.2 ng/ml
(about 8-fold human Cmax at the proposed therapcutlc dose) observed at 1 hour after a
single 1000 mg/kg dose.

In a 2-week i.v. toxicity study in rats, animals received an i.v. bolus injection of
alvimopan at 0, 1, 5, and 10 mg/kg/day. The target organ could not be identified in the
absence of any significant organ‘toxicity. The NOAEL .was considered as 10 mg/kg/day.

In a 2-week i.v. toxicity study in rats, animals received an i.v. bolus injection of ADL 08-
0011 at 2, 4, and 8 mg/kg/day. The target organ could not be identified in the absence of
any significant organ toxicity. The NOAEL may be considered as 8 mg/kg/day. The
mean Cmax and AUCy 4, value at 8 mg/kg/day at Day 14 was found to be approximately
2365 ng/ml (65 times of human Cmax at the proposed therapeutic dose) and 3590
ng.hr/ml (2 times of human AUC), respectively.

In a 1-month oral gavage toxicity study in rats, animals were treated with alvimopan at 0,
50, 100 and 200 mg/kg/day. There were some effects on hematology (neutrophil,
thrombocyte and erythrocyte counts were lower in male rats compared to control) and
blood chemistry (triglyceride levels were significantly lower in females at 200
mg/kg/day) parameters at 200 mg/kg/day. The NOAEL was determined as 100
mg/kg/day. The tested doses did no allow the identification of any target organ of
toxicity. The mean plasma levels on Day 0 and Day 29 ranged from 2.8 to 20.5 ng/ml
with an overall average of 13 ng/ml, which is approximately 1.2 times the human Cmax
exposure at the proposed therapeutic oral dose of 12 mg b.i.d.

In a 4-week oral gavage toxicity study in Fischer 344 rats, animals received oral doses of
alvimopan at 100, 250 and 500 mg/kg bid or 200, 500 and 1000 mg/kg/day for 4 weeks.
The target organ could not be identified in the absence of any significant organ toxicity.
The NOAEL was considered as 1000 mg/kg/day. The mean Cmax and AUCy.4, value at
1000 mg/kg/day was 7.7 ng/m! and 67.75 ng.hr/ml, respectively, which is about 1 7 times
the human AUC at the proposed therapeutic oral dose of 12 mg b.i.d.

In a 6-month oral gavage toxicity study in rats, animals were administered alvimopan at
0, 50, 100 and 200 mg/kg/day. The NOAEL was considered as 200 mg/kg/day. The
tested doses did not allow the identification of any target organ of toxicity. There was no
mention whether the highest tested dose was the maximum feasible dose (MFD). The
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Cmax at 200 mg/kg/day was 27.9 ng/ml at 24 hr, which was approximately 2.5 times the
human Cmax at the proposed therapeutic oral dose of 12 mg-b.i.d.

In a 1-month oral gavage study in Beagle dogs, animals were administered with
alvimopan at 0, 10, 30 and 100 mg/kg/day. The NOAEL was considered as 100
mg/kg/day. The target organ of toxicity could not be identified in the absence of any
significant organ toxicity. In general, peak plasma level was 133 ng/ml at 100 mg/kg/day
on Day 28, which is about 12 times the human Cmax at the proposed therapeutic dose.

In a 1-month intravenous study in Beagle dogs, animals were administered alvimopan at
0, 0.05, 0.2 and 2.0 mg/kg/day. The NOAEL was considered as 0.2 mg/kg/day. There
were some hematological effects (erythrocytes and hemoglobin were significantly
decreased) at 2.0 mg/kg/day, however, these were not considered of any biological
significance. The target organ of toxicity could not be identified in the absence of any
significant organ toxicity. It appears that higher doses could have been tested. The mean
AUC.q value on Day 28 at 2.0 mg/kg/day was 1211 ng:hr/ml, which is about 30 times
the human AUC at the proposed therapeutic oral dose of 12 mg b.i.d.

In a 4-week oral (capsule) toxicity study of alvimopan in beagle dogs, animals were
treated at 0, 100, 250, 500 and 1000 mg/kg/day for 4 weeks. The target organ of toxicity
could not be identified in the absence of any organ toxicity. The NOAEL appeared to be
1000 mg/kg/day. The Cmax and AUC.4p at 1000 mg/kg/day were 131 ng/ml (about 12
time human Cmax) and 1800 ng.hr/ml (45 times of human AUC), respectively.

In a 2-week intravenous toxicity study of ADL 08-0011 (a metabolite of alvimopan) in
beagle dogs, animals were treated at 0.5, 1, and 2 mg/kg/day for 2 weeks. There were no
significant toxicology findings to identify the target organ of toxicity. The NOAEL
appeared to be the highest tested dose (2 mg/kg/day). The mean Cmax and AUCo4n
value at 2.0 mg/kg/day was found to be approximately 1940 ng/ml (54 times the human
Cmax at the proposed therapeutic dose) and 2295 ng.hr/ml (1.4 time the human AUC at
the proposed therapeutic dose of 12 mg b.i.d.), respectively.

In a 6-month oral (capsule) toxicity study in Beagle dogs, animals were administered
alvimopan at 0, 10, 30 or 100 mg/kg/day. The NOAEL was considered as 100
mg/kg/day. The tested doses did not allow the identification of any target organ of
toxicity. The maximum plasma concentration of 18.0 ng/ml was achieved at 100
mg/kg/day at 4 hr after treatment, which is about 1.7-fold the human Cmax at the
proposed therapeutic oral dose of 12 mg b.i.d.

Alvimopan was not genotoxic in the Ames test, the mouse lymphoma cell (L5178Y/T K
) forward mutation test, the chromosome aberration test in Chinese Hamster Ovary
(CHO) cells, and the oral mouse micronucleus test. The pharmacologically active
metabolite ADL 08-0011 was also negative in both the Ames test and chromosome
aberration test in CHO cells. Overall, alvimopan and its active metabolite, ADL 08-
0011, do not appear to have genotoxic potential.
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The sponsor did not include reports of any carcinogenicity study with alvimopan.

In a combined fertility and reproductive performance and teratology study (Segment I
and II) in rats, animals were tested at 50, 100 and 200 mg/kg/day. There were no
treatment-related effects on male and female fertility. However, alvimopan produced
some skeletal variations (incomplete ossification of cervical vertebra, ischium and
occipital bone) at 200 mg/kg/day. Alvimopan was not considered teratogenic in rats at
the tested doses.

In an intravenous fertility and reproductive performance (Segment I) study in rats,
animals were administered alvimopan at 0, 0.2, 2 and 5 mg/kg/day. There were no
apparent treatment-related adverse effects on the reproductive parameters of male or
female rats or on the development of fetuses. There was an apparent treatment-related
increase in the number of pre-implantation loss. However, these increases were neither
dose-related and nor statistically significant. The NOAEL for reproductive toxicity was
considered as 5 mg/kg/day for both male and female animals.

In the Segment II teratology study in the rabbit, animals were administered intravenous
bolus injection of alvimopan at 5, 10, and 15 mg/kg/day from days 6 to 18 of gestation.
Overall, no external, visceral and skeletal changes were observed in the pups that could
be attributed to alvimopan treatment. The NOAEL for maternal toxicity and
developmental toxicity was determined as 15 mg/kg/day. Alvimopan was not considered
teratogenic in the rabbit at the tested doses.

In the intravenous Segment III perinatal and postnatal developmental study in the rat,
animals were given daily intravenous injections of 2, 5 and 10 mg/kg/day of alvimopan

~ from gestation day 7 through lactation day 20. The NOAEL for maternal and
reproductive toxicity was determined as 10 mg/kg/day. In this study, both alvimopan and
its metabolite were found in the milk. It appears that the drug and its active metabolite
are capable of being excreted through the breast milk.

Alvimopan caused eye irritation when applied at a dose of 0.0420 g in the rabbit eye.
Alvimopan was classified as a mild irritant to the ocular tissue of the rabbit.
Administration of 0.1 g of alvimopan powder or 0.1 ml of alvimopan suspension resulted
in slight to diffuse conjunctival redness. Alvimopan was classified as a slight irritant to
the dermal tissue. However, alvimopan did not cause any sensitization reaction in the
guinea pig. '

Alvimopan is a relatively selective, peripherally active p-opioid receptor antagonist
intended for the management of postoperative ileus (POI), a condition observed
following abdominal or pelvic surgery. The systemic toxicity of alvimopan and its
metabolite ADL 08-0011 was adequately evaluated following sufficiently high oral and
intravenous doses in mice, rats and dogs. Alvimopan and ADL 08-0011 did not cause
any significant toxicity when administered in sufficiently high oral or i.v. doses in any
species tested. In addition, adequate safety pharmacology studies were also conducted
with alvimopan, which did not show any potential safety concern. Alvimopan and its
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active metabolite ADL 08-0011 did not show any potential for genotoxicity. In fertility
and reproductive performance study in rats, alvimopan did not.cause any adverse effect.
It was not teratogenic in rats or rabbits. The proposed human oral dose for alvimopan is
12 mg b.i.d. or 24 mg/day or 0.48 mg/kg/day (based on 50 kg body weight), which is
equivalent to 17.8 mg/m’. The highest tested oral doses in rats (200 mg/kg/day) and dogs
(100 mg/kg/day) in 6-month studies were approximately 67.4 and 112.3 times the
proposed human dose (17.8 mg/m?), respectively, based on body surface area.

In conclusion, the nonclinical studies conducted on alvimopan provide adequate
assurance of safety for its proposed oral use as indicated in the draft labeling. Therefore,
from a preclinical standpoint, this NDA may be approved.

The labeling of alvimopan conforms to the format specified under 21CFR, Subpart B.
However, the suggested changes described in the text, should be incorporated.

Conclusions: This submission contains adequate studies for the marketing approval of
alvimopan. This submission meets the guidelines and satisfies the criteria for marketing
authorization of alvimopan and appears to be safe for the proposed use.

Unresolved Toxicology Issues (if any): None.

Recommendations: From a preclinical standpoint, this NDA may be approved.

Suggested Labeling: The sponsor should be asked to change the proposed label of:
Entereg' ™ as suggested in the text of the review.
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