
 CENTER FOR DRUG EVALUATION AND 
RESEARCH 

 
 
 

APPLICATION NUMBER: 
 

125476Orig1s000 
 
 

PHARMACOLOGY REVIEW(S) 



BLA 125476 Reviewer: Tamal K. Chakraborti, Ph.D.

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

ADDENDUM TO PHARMACOLOGY/TOXICOLOGY REVIEW 

Application number: BLA 125476

Supporting document/s: 0001

Applicant’s letter date: June 20, 2013

CDER stamp date: June 20, 2013

Product: Vedolizumab (Entyvio®,MLN0002) 

Indication: Vedolizumab is indicated for the treatment of 
patients with moderately to severely active 
ulcerative colitis (UC) or Crohn's disease (CD)

Applicant: Takeda Pharmaceuticals U.S.A., Inc.

Review Division: Division of Gastroenterology and Inborn Errors 
Products (DGIEP)

Reviewer: Tamal K. Chakraborti, Ph.D.

Supervisor/Team Leader: Sushanta K. Chakder, Ph.D.

Division Director: Donna Griebel, MD

Project Manager: Kevin Bugin, MS, RAC

Reference ID: 3488598





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

TAMAL K CHAKRABORTI
04/11/2014

SUSHANTA K CHAKDER
04/11/2014

Reference ID: 3488598



Comments on BLA 125476 Vedolizumab

From: A Jacobs, AD

Date: Nov 26, 2013

1. I concur that there are no pharm-tox approval issues

2. I concur with the pregnancy category B

3.  I have conveyed other comments to the reviewer.

Reference ID: 3413070



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

ABIGAIL C JACOBS
11/26/2013

Reference ID: 3413070



1

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY NDA/BLA REVIEW AND EVALUATION

Application number: BLA 125476

Supporting document/s: 0001

Applicant’s letter date: June 20, 2013

CDER stamp date: June 20, 2013

Product: Vedolizumab (Entyvio®,MLN0002)

Indication: Vedolizumab is indicated for the treatment of 

patients with moderately to severely active 

ulcerative colitis (UC) or Crohn's

disease (CD)

Applicant: Takeda Pharmaceuticals U.S.A., Inc.

Review Division: Division of Gastroenterology and Inborn Errors 

Products (DGIEP)

Reviewer: Tamal K. Chakraborti, Ph.D.

Supervisor/Team Leader: Sushanta K. Chakder, Ph.D.

Division Director: Donna Griebel, MD

Project Manager: Kevin Bugin, MS, RAC

Disclaimer
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right of reference. Any information or data necessary for approval of BLA 125476 that 
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1 Executive Summary

1.1 Introduction

MLN0002 (Vedolizumab/LDP-02/Entyvio®) is an IgG1 humanized monoclonal antibody
(mAb) indicated for the treatment of adult ulcerative colitis (UC) and Crohn’s Disease 
(CD). Ulcerative colitis and CD are inflammatory bowel disease (IBD) characterized by 
chronic inflammation at various sites in the gastrointestinal (GI) tract. Alpha 4 beta 7 
integrin is a key mediator of gastrointestinal inflammation and immunity and is 
expressed on the surface of a discrete subset of memory T lymphocytes. The α4β7 
integrin mediates leukocyte trafficking into the GI mucosa and gut associated lymphoid 
tissue (GALT) through adhesion interaction with its natural ligand mucosal addressin 
cell adhesion molecule-1(MAdCAM-1). MAdCAM-1 is preferentially expressed on 
endothelial venules at sites of lymphocyte extravasation in the GI mucosa and GALT 
(Briskin M et al. 1997, Am J Pathol, 151:97-110; Salmi M et al. 2005, Immunol Rev, 
206:100-13; Erle DJ et al. 1994, J Immunol, 153:517-28; Feagan BG et al. 2005. New 
Eng J Med, 352:2499-507; von Andrian UH and B Engelhardt, 2003, New Eng J Med, 
348:68-72; Arihiro S et al. 2002, Pathol Internatl, 52:367-374). 

MLN0002 is a selective integrin antagonist that binds to α4β7 integrin. MLN0002 does
not bind to α4β1 or αEβ7 integrin. MLN0002 inhibits the leukocyte trafficking into the 
area of intestinal inflammation by selectively antagonizing binding of α4β7 to its ligand, 
MAdCAM-1. MLN0002 does not antagonize adhesion interactions of α4β1 to its ligand, 
vascular cell adhesion molecule-1 (VCAM-1). This selective antagonism of α4β7 by 
MLN0002 restricts inhibition of α4β7/MAdCAM-1 and α4β7/fibronectin pathways 
resulting in inhibition of migration of leukocytes into GI mucosa, and is therefore 
expected to reduce inflammation in the GI tract.

1.2 Brief Discussion of Nonclinical Findings

MLN0002 has been shown to be a selective α4β7 integrin antagonist and it does not 
bind to α4β1 or αEβ7 integrins. MLN0002 inhibited cellular adhesion interactions 
between α4β7 and MAdCAM-1 and fibronectin, an extracellular matrix glycoprotein. 
However, MLN0002 did not inhibit α4β7-VCAM-1, α4β1-VCAM-1, or α4β1-fibronectin-
mediated adhesive interactions. In in vitro pharmacology studies using human 
peripheral blood mononuclear cells (PBMCs), MLN0002 did not mediate antibody-
dependent cell-mediated cytotoxicity (ADCC) and did not mediate complement 
dependent cytotoxicity (CDC), a mechanism of cytotoxic action of many monoclonal 
antibodies. MLN0002 did not induce T lymphocyte activation or cytokine release in 
whole human blood. In an in vivo animal efficacy study with ACT-1 (murine homologue 
of MLN0002) in cotton-tap Tamarin monkeys (Sanguinus Oedipus) with naturally 
occurring chronic colitis, ACT-1 showed efficacy (resolution of diarrhea, reduced 
inflammatory activity i.e., reduced leukocyte infiltration of the gut lamina propria and 
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decreased mucosal density of α4β7 lymphocytes) when administered at 2 mg/kg for 8 
days. 

Immune surveillance of the central nervous system (CNS) was tested in experimental 
autoimmune encephalomyelitis (EAE) model in Rhesus monkeys, an animal model of 
multiple sclerosis (MS), to examine the potential of MLN0002 to cause progressive 
multifocal leukoencephalopathy (PML). An animal model of PML does not exist. 
MLN0002 did not appear to inhibit immune surveillance of the CNS in this EAE model. 
In contrast, natalizumab blocked immune surveillance of the CNS in this animal model. 
However, since EAE is not an animal model of PML; the results of this study do not 
directly demonstrate that MLN0002 has no potential to cause PML.

Tissue cross-reactivity (TCR) studies were conducted using a panel of monkey and 
human tissues. Binding was restricted to leukocytes in lymphoid tissues, within the 
lumens of blood vessels, or as low-grade inflammatory infiltrates in various non-
lymphoid tissues (liver, kidney, prostate, thyroid, etc.). Vedolizumab staining pattern
observed in Cynomolgus monkey tissues appeared to be similar to that observed in the 
human tissues and results were stated to be consistent with the pattern of expression of 
α4β7 integrin. No unanticipated tissue cross-reactivity or off-target staining was 
observed in TCR studies.

Toxicology studies were conducted with MLN0002 in two species (rabbit and 
Cynomolgus monkeys) by intravenous (IV) route to support the chronic use of 
MLN0002. A 3-month IV toxicology study was conducted with MLN0002 in New Zealand 
white rabbits at 30 and 100 mg/kg and 3- and 6-month IV toxicology studies were 
conducted with MLN0002 in Cynomolgus monkeys at 10, 30 and 100 mg/kg 
administered once every two weeks. In rabbits, histopathological changes were seen in 
the spleen (minimal to mild lymphoid hyperplasia in the periarteriolar lymphoid sheaths 
and was characterized by increased width of the sheath of lymphocytes surrounding the 
central arteries of the spleen) and ileum (hyperplasia of submucosal lymphoid nodules) 
of treated and control animals. However, incidence and severity were not dose related 
and these changes were also seen in control animals and the relation to the treatment is 
uncertain. In monkeys, histopathological changes were seen in the gastrointestinal tract 
(minimal to mild lymphoid depletion in the Peyer's patches of the gastrointestinal tract in 
male animals at 10, 30, and 100 mg/kg/day and increased epithelial regeneration in 
stomachs of male and female animals with lymphoplasmacytic gastritis at 10, 30, and 
100 mg/kg). Minimal to mild lymphoid depletion in Peyer’s patches of males and an
analogous decrease in leukocytes expressing the α4β7 integrin in crypt epithelium 
appeared to be due to the pharmacologic effect of MLN0002 (decreased trafficking of 
peripheral lymphocytes to the gut). The relation to the treatment is not clear in the 
absence of a dose response. MLN0002 treated monkeys had increased severity of 
regeneration of superficial mucosal epithelium in response to lymphoplasmacytic 
gastritis. Lymphoplasmacytic gastritis (lymphoplasmacytic infiltrates into the lamina 
propria of the stomach) is a common incidental finding in Cynomolgus monkeys and 
epithelial regeneration is an expected physiologic response to lymphoplasmacytic 
gastritis. The incidence of both lymphoplasmacytic gastritis and epithelial regeneration 
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was comparable in both MLN0002 treated and control monkeys in the 26-week study. 
However, the severity of the epithelial response to the inflammation was slightly 
increased in MLN0002 treated monkeys when compared to control monkeys. The 
toxicological significance of this increase in the regenerative response of the epithelium 
is not clear. Balantidium coli (parasites) were observed in the cecum and colon of both 
control and MNL0002 treated monkeys. Balantidium coli are common commensal 
intestinal parasite of macaques and are generally non-pathogenic. The presence of
Balantidium coli observed in the cecum and colon of monkeys did not appear to be 
treatment related due to lack of a dose response, presence of this parasite in both 
control and treatment group animals and reported background incidences.

Conventional carcinogenicity studies (i.e., rodent bioassays) have not been conducted 
with MLN0002 to assess its carcinogenic potential as it lacks pharmacological activity in 
mice and rats. However, carcinogenic potential of Act-1 (murine homologue of 
MLN0002) was assessed in an in vitro study using human tumor cells that expressed
4β7 integrin. In this study, Act-1 did not stimulate the growth or cellular proliferation of 
RPMI 8866 human B-cell lymphoma cell that express the 4β7 integrin. MLN0002 also 
did not affect other factors that could affect oncogenesis, such as cytokine production, 
activation, cell proliferation of primary human leukocytes expressing the 4β7 integrin. 
Lymphoid hyperplasia was observed in the 13- and 26-week toxicology studies in
Cynomolgus monkeys and in a 3-month toxicology study in rabbits. These findings 
appear to be most likely resulted from the immunogenicity (i.e., antigenic stimulation) 
associated with infusing nonhuman species with a humanized monoclonal antibody. In 
addition, there was no evidence of systemic immunosuppression in toxicology studies.
Overall, MLN0002 does not appear to have significant carcinogenic potential.

MLN0002 did not have adverse effects on embryofetal development in rabbits when 
administered on gestation day 7 (GD 7) at single IV doses up to 100 mg/kg (about 6.5 
times the recommended human dose based on body surface area). A pre and postnatal 
development study in monkeys showed no evidence of any adverse effect on pre and 
postnatal development at IV doses up to 100 mg/kg (about 6.5 times the recommended 
human dose based on the body surface area).

Overall, the results of pharmacology studies appear to support the mechanism of action 
and the proposed indication of MLN0002. In toxicology studies in monkeys, 
histopathological findings appeared to be due to the pharmacologic effect of MLN0002 
(decreased trafficking of peripheral lymphocytes to the gut). The presence of 
Balantidium coli observed in the cecum and colon of monkeys did not appear to be 
treatment related. There was no apparent off-target toxicity in rabbits and monkeys
following repeated administration. In addition, in tissue cross-reactivity studies with 
MLN0002, no unanticipated tissue cross-reactivity or off-target staining was observed
and results were consistent with the known pattern of α4β7 integrin expression. The 
potential of MLN0002 to cause PML was examined in an EAE model in the Rhesus 
monkey; an animal model of MS. MLN0002 did not appear to inhibit immune 
surveillance of the CNS unlike natalizumab, which blocked immune surveillance of the 
CNS in this animal model. However, since EAE is not an animal model of PML; the 
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had an inadequate response with, lost response to, or were intolerant to either
conventional therapy or a tumor necrosis factor-alpha (TNFα) antagonist.

Adult Crohn's disease:

Vedolizumab is indicated for reducing signs and symptoms, inducing and maintaining
clinical response and remission, and achieving corticosteroid-free remission in adult
patients with moderately to severely active Crohn’s disease who have had an 
inadequate response with, lost response to, or were intolerant to either conventional 
therapy or a tumor necrosis factor-alpha (TNFα) antagonist.

The proposed recommended dose regimen is 300 mg administered by IV infusion at 
zero, two and six weeks and every eight weeks thereafter. 

2.7 Regulatory Background

The clinical development program of MLN0002 for UC and CD was initiated under IND 
9125 and has received fast track designation on February 22, 2013. The FDA has 
accepted a rolling submission for this BLA. The first portion of the BLA rolling 
submission containing chemistry, manufacturing, and controls (CMC) information was 
submitted on March 27, 2013. The second portion of the BLA rolling submission 
containing nonclinical information was submitted on April 8, 2013. The third and final 
portion of the rolling BLA containing all information related to clinical efficacy and safety 
was submitted on June 20, 2013. The following are the major milestones:

1. Gastrointestinal Drugs Advisory Committee (GIDAC) meeting (IND 9125): July 
20, 2011

1. Type C End of Phase 3 meeting on July 24 and 25, 2012
2. Type B pre BLA meeting on November 6, 2012

3 Studies Submitted

The following table in Section 3.1 shows the list of studies submitted in this application.

3.1 Studies Reviewed 

The following table shows the list of studies reviewed.

STUDY TITLE REPORT NO. PAGE

PHARMACOLOGY 17

PHARMACOKINETICS 57

A Multiple Dose Pharmacokinetic/Pharmacodynamic Study of 
MLN0002 Administered Intravenously in Cynomolgus Monkeys

KLA00184-05-901 57

Pharmacokinetics of MLN0002 following Intra venous and 
Subcutaneous administration to Cynomolgus Monkeys

LDP-02-14 66

A Single Dose Pharmacokinetic, Pharmacodynamic, and 
Immunogenicity Study of MLN0002 Administered Intravenously 
to Cynomolgus Monkeys

RPT-00892 67

TOXICOLOGY 69

Acute 69
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Monkey 69

An Acute Intravenous Infusion Toxicology Study of MLN0002 
Manufactured Using Process B and Process C in Cynomolgus 
Monkeys

KLA00348 69

Subacute/Subchronic/Chronic 71

Monkey 71

14-Day Repeated dose Toxicity Study of MLN0002 
Administered via Intravenous Infusion to Cynomolgus Monkeys

LDP-02-15 71

13-Week Intravenous Injection Toxicity Study of MLN0002 in 
Cynomolgus Monkeys with a 12-Week Recovery Period

502045 80

3-Month Pharmacokinetic and Safety Study of MLN0002 in 
Cynomolgus Monkeys

KLAW-111-01-607 91

26-Week Toxicity Study of MLN0002 Administered by 
Intravenous Infusion to Cynomolgus Monkeys, with a 12-Week 
Recovery Period

KLA00290 101

Rabbit

3-Month Intravenous Infusion Toxicity and Toxicokinetics Study 
of MLN0002 with a 4 Week Recovery Period in Rabbits

-416055 110

REPRODUCTIVE TOXICITY 124

Rabbit 124

Intravenous Infusion Dose Range-Finding Study of the Effects of 
MLN0002 on Embryo/Fetal Development in Rabbits

-416036 124

Intravenous Infusion Study of the Effects of MLN0002 on 
Embryo/Fetal Development in Rabbits

-416044 125

Monkey 131

Intravenous Infusion Study for Effects on Pre- and Postnatal 
Development in Cynomolgus Monkeys 

2091-003 131

LOCAL TOLERANCE 135

Single-Dose Local Toxicity Study of MLN0002 Administered 
Either Subcutaneously or Intramuscularly to Male New Zealand 
White Rabbits

-416096 135

SPECIAL TOXICOLOGY 137

3-Week Comparative Immunotoxicity Study of Natalizumab 
(Tysabri®) and Vedolizumab (MLN0002) Administered by 
Intravenous Infusion to Cynomolgus Monkeys

20002458 137

Single Dose TDAR Study in Cynomolgus Monkeys with 
Natalizumab (Tysabri®)"

KLA00441 138

Delayed-Type Hypersensitivity Responses, Anti-Tetanus 
Antibody Titers and Laboratory Assay Results in Act-1-Treated 
Rhesus Monkeys

RPT-02275 141

OTHER 142

Cross Reactivity Study of MLN0002 with Normal Human 
Tissues

IM1493 142

Cross-Reactivity Study of MLN0002 with Normal Cynomolgus 
Monkey Tissues

IM1741 143

Study of Binding Specificity of ACT-1 in Malignant Human 
Tumors

IM1806 144

Preliminary Studies of Cross Reactivity of a Humanized 
Monoclonal Antibody, MLN0002

IM353 145

Cross Reactivity of Mouse Monoclonal Antibody ACT-1 with 
Normal Human Tissues

IM433 146

Cross Reactivity of Humanized Monoclonal IgG1 LDP-02/3A9-
8E3.C1 Antibody with Normal Human Tissues

IM434 146

Effect of ACT-1 Antibody on the Growth of the Alpha 4 Beta 7-
Expressing RPMI 8866 Human B-Cell Lymphoma Cell Line

RPT-01335 147

3.2 Studies Not Reviewed 

The following analytical methods and validation and PK modeling reports were not 
reviewed.
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 Validation of a Flow Cytometry Method for the Beckman Coulter FC500 Flow 
Cytometer using CD4/CD45RA/CD8/CD3 in Cynomolgus Monkey Whole Blood 
(20002484)

 Monkey Serum Validation Study: Determination of MLN0002 in Monkey Serum 
by ELISA (Amendment #1, 96-0606)

 Monkey Serum Validation Study: Detection of Primate Anti-Human Antibodies to 
MLN0002 In Cynomolgus Monkey Serum by ELISA (96-0607)

 Rabbit Serum Validation Study:  Determination of MLN0002 in Rabbit Serum by 
ELISA (96-0611)

 Rabbit Serum Validation Study:  Detection of Rabbit Anti-Human (MLN0002) 
Antibodies in Rabbit Serum by ELISA (96-0612)

 Determination of MLN0002 in Monkey Breast Milk by ELISA (96-0723)
 Development of  a Test Method for the Quantitation of MLN02 in Cynomolgus 

Monkey Serum using Anti-1D9 Idiotypic Antibody-coated Plates (RPT-00848)
 Development of a Test Method for the Qualitative Determination of Primate Anti-

Human (MLN02) Antibodies (PAHA) in Cynomolgus Monkey Serum Using an 
Enzyme-Linked Immunosorbent Assay (ELISA, RPT-00849)

 Development and Qualification of a Test Method for the Quantitation of 
Natalizumab in Rhesus and Cynomolgus Macaque Serum by ELISA Assay 
(RPT-01448)

 Development and Qualification of an Enzyme-Linked Immunosorbent Assay for 
the Detection of Anti-Human Antibodies to Natalizumab in Rhesus and 
Cynomolgus Macaque Serum (RPT-01536)

 Development and Qualification of an Enzyme-Linked Immunosorbent Assay for 
the Quantitation of MLN0002 in Rhesus Macaque Serum (RPT-01682)

 Development and Qualification of an Enzyme-Linked Immunosorbent Assay for 
the Detection of Primate Antihuman Antibodies to MLN0002 in Rhesus Macaque 
Serum (RPT-01683)

 Validation of a Flow Cytometric Assay for Monitoring Bound Humanized IgG1 
Monoclonal Antibody (MLN0002) on CD4+/CD45RA- and CD4+/CD45RA+

Lymphocytes in the Peripheral Blood of Cynomolgus Monkeys (RPT-FCV-442-
01)

 Validation of a Flow Cytometric Assay to Measure MLN0002 Free Sites on 
CD4+/CD45RA- and CD4+/CD45RA+ T-cells and CD20+ B-cells from Whole Blood 
of Cynomolgus Monkeys (RPT-FCV443-01)

 Validation of a Flow Cytometric Assay for Monitoring Saturation of a Humanized 
IgG1 Monoclonal Antibody [MLN0002] (Bound drug) on CD4+ Lymphocytes in 
the Peripheral Blood of New Zealand White Rabbits (RPT-FCV470-01)

 Validation of an Assay to Measure a4b7 Free Sites on Leukocytes from Whole 
Blood of New Zealand White Rabbits by Flow Cytometry in the Presence of 
MLN0002 (RPT-FCV471-01)
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 Pharmacokinetic modeling of LDP-02 (ML-LEU-3K88-97-267)

3.3 Previous Reviews Referenced

The following reviews are incorporated below from the pharmacology review of IND 
09125 dated April 11, 2008.

4 Pharmacology

4.1 Primary Pharmacology

The following reviews are incorporated below from the pharmacology review of IND 
09125 SDN 065 dated April 11, 2008.
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The following reviews are incorporated below from the pharmacology review of IND 
09125 SDN 075 dated July 14, 2008.
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The following reviews are incorporated below from the pharmacology review of IND 
09125 SDN 084, 209 and 317 dated April 29, 2011.
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Relative Binding Affinity of LDP-02 on T Cells from Humans and Cynomolgus
Monkeys (RPT-00240)

The objective of this study was to determine the relative binding affinity of LDP-02 on T 
cells from humans and Cynomolgus monkeys (Macaca fascicularis). In this study, 
fluoroscein isothiocyniate-(FITC) labeled LDP-02 was used to stain α4β7 T cells in the 
whole blood from humans and monkeys for flow cytometric analysis. CD8 cells were 
assessed from the CD3+CD4-population. The effective concentration of FITC-LDP-02 
resulting in 50% saturation (EC50) of α4β7 on CD4+ and CD8+ T cells from humans and 
Cynomolgus monkeys ranged from 0.001 to 0.005 μM, with a mean value of 0.002 μM 
(0.0003 μg/mL). The average EC50 was 0.003 μM for human T cells, 0.002 μM for 
monkey T cells and 0.002 μM for both species and all populations combined. The 100% 
saturation (EC100) mean value was 0.2 μM (0.03 μg/mL). The following table (from page 
10 of the report) shows the results.

At EC50 concentration (0.002 µM) of FIT-LDP-02, the IC50 values for competitive 
inhibition of homologous binding of LDP-02 to human and Cynomolgus CD4+ T cells 
were 0.85 and 0.88 nM, respectively, as shown in the table (Table 3, from page 14 of 
the report) below. At EC50 concentration (0.002 µM) of FIT-LDP-02, the IC50 values for 
competitive inhibition of homologous binding of LDP-02 to human and monkey CD8+ T 
cells were 0.88 and 0.43 nM, respectively. At EC50 concentration (0.002 µM) of FIT-
LDP-02, the IC50 values obtained from the CD3+ population of both the monkey and 
human were 0.9 and 1.3 nM, respectively, as shown in table (Table 4, from page 14 of 
the report) below. At saturating (EC100) concentration (0.2 µM) of FIT-LDP-02, the mean 
IC50 values for competitive binding inhibition on human and Cynomolgus monkey CD3+

T cells were 73.2 and 60.4 nM, respectively. Overall, the IC50 values for monkey and 
human were comparable for CD4+ T cells. However, for CD8+ and CD3+ cells, the IC50

values were lower for the monkey than human.
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MFI = mean fluorescence intensity
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Binding of Vedolizumab (MLN0002) to Th17 and Treg Cells in Human Peripheral 
Blood in Vitro (RPT-01405)

The objective of this study was to determine whether vedolizumab binds to the Th17
and Treg subsets of lymphocytes in human peripheral blood. This study examined the 
binding of vedolizumab (MLN0002) to the memory T helper (Th) 17 (Th17) and 
regulatory T (Treg) subsets of lymphocytes in human peripheral blood. In this study, 
peripheral blood mononuclear cells (PBMCs) were isolated from blood samples from
healthy human volunteers and then stained with fluorescently labeled vedolizumab 
(Alexa Fluor® 647-labeled MLN0002/MLN0002-A647, 0.75 mg/mL). 

About 27% of the memory Th17 cell population in the peripheral blood was bound by
vedolizumab, and similar data (~29%) were obtained for expression of the β7 chain. 
Based on this, it was concluded that approximately 27% of the memory Th17 population
in the peripheral blood expresses the α4β7 integrin and that vedolizumab could affect
the functional activity of this Th17 subset. About 9% of the memory Treg cell population 
in the peripheral blood was bound by vedolizumab and similar data (~13%) were 
obtained for expression of the β7 chain. It was therefore concluded that approximately 
9% of the memory Treg population in the peripheral blood expresses the α4β7 integrin 
and that vedolizumab could affect the functional activity of this Treg subset. Overall, 
vedolizumab bound to 27% and 9% of Th17 and Treg cell populations, respectively, that 
expressed α4β7 integrin in the peripheral blood from healthy human donors.

The Kinetics of Reconstitution of Alpha 4 Beta 7 Function in Human CD4-Positive 
Memory T Lymphocytes after Removal of MLN0002 In Vitro (RPT-01436)

This study was conducted to examine the persistence of the pharmacodynamic (PD)
effect of vedolizumab. The primary objective of this study was to examine whether 
bound MLN0002 causes α4β7 receptor internalization and, the mechanism and kinetics 
of the restoration of α4β7 function after removal of MLN0002. In this study, MLN0002 
was labeled with Alexa-Fluor 647 at 0.75 mg/mL concentration. Blood cells (purified 
CD4+ memory T lymphocytes, or PBMCs) were incubated for 24 hours at 40C or 370C 
with unlabeled or Alexa-647-labeled MLN0002 (MLN0002-Alexa-647). Mouse 
immunoglobulin (Ig) labeled with Alexa-647 was used as a control antibody. After 24-
hour incubation, cells were washed and visualized with a flow cytometer.

The results indicated that upon binding of MLN0002 to α4β7, the MLN0002/α4β7 
complex was internalized. This internalization began within 4 hours and was complete 
by 24 hours. Upon removal of MLN0002, the α4β7 complex returned to the surface of 
the cell within 24 hours [50% to 58% of cells positive for α4β7, with almost complete 
reconstitution of α4β7 expression by 4 days (90%)]. The reconstituted α4β7 was 
functional in that it had the capacity to bind to MAdCAM-1, the ligand for α4β7. These 
results suggested that the effect of bound MLN0002 is reversible and provided proof of 
concept that plasmapheresis (to remove vedolizumab from the blood) in the clinic may 
be an effective corrective action for potential adverse events caused by MLN0002.
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Potential Effects of Vedolizumab upon Human Regulatory T Cell Function in Vitro
(RPT-01954)

This study was conducted to examine the potential effects of three different α4β7
antagonists (vedolizumab, natalizumab, and the anti-β7 mAb FIB504) on the
suppressive effects of the total regulatory T (Treg) as well as the gut-homing subset of 
Treg cell population in peripheral blood from healthy human volunteers. 

There was no consistent effect of vedolizumab, natalizumab, and FIB504 on the 
proliferation of Treg cells when stimulated with either test article compared to vehicle 
control or an isotype control antibody. There was no consistent effect of vedolizumab, 
natalizumab, and FIB504 on the suppressive activity of CD4+CD25+CD127low Treg cells,
as compared to vehicle control or an isotype control antibody. There was no consistent 
effect of vedolizumab on the suppressive activity of (α4β7high) CD4+CD25+CD127low

Treg cells, as compared to vehicle control. Based on these, it was concluded that 
vedolizumab does not appear to affect the activity of human Treg cells.

Differentiation of the Mechanism of the Action of the Alpha 4 Beta 7 Integrin 
Antagonist Vedolizumab from the Alpha 4 beta 1 and Alpha 4 Beta 7 Integrin 
Antagonist Natalizumab and Relevance to the Incidence of PML (RPT-02274
Amended Report dated June 20, 2013)

This report contains an assessment of the mechanism of action (MOA) of α4β7 integrin 
antagonist vedolizumab and the pleiotropic α4β1 and α4β7 integrin antagonist 
natalizumab. This report also highlighted pharmacologic differences between the MOAs 
of vedolizumab and natalizumab with respect to the relative risk of these compounds for 
the development of PML. This report contains a summary of nonclinical and clinical data 
from several studies (shown in the table below from page 8 of the report) conducted by 
the Applicant to illustrate the gut-selective anti-inflammatory MOA of vedolizumab. 
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Overall, the report compares the pharmacology of vedolizumab to that of natalizumab, 
particularly with regard to the development of PML. Vedolizumab antagonizes α4β7 
integrin when compared to natalizumab, which antagonizes α4β1 and α4β7 integrins. 
The α4β1 integrin is more widely expressed by leukocytes than the α4β7 integrin and 
the α4β1 integrin mediates pleiotropic activities that are not regulated by the α4β7 
integrin. As per the Applicant, this additional pharmacologic activity elicits effects 
outside of the GI tract that may contribute to the development of PML (shown in Table 2
from page 9 of the report).
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4.2 Secondary Pharmacology

N/A

4.3 Safety Pharmacology

The following reviews are incorporated below from the pharmacology review of IND 
09125 SDN 065 dated April 11, 2008.
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

The following reviews are incorporated below from the pharmacology review of IND 
09125 SDN 065 dated November 14, 2007.
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Pharmacokinetics of IDP-02 Following Intravenous and Subcutaneous 
Administration to Cynomolgus Monkeys (LDP-02-14)

Methods: This study was conducted using two groups of three female Cynomolgus 
monkeys per group. Group 1 animals received LDP-02 once at 2.5 mg/kg (0.75 mL/kg) 
via intravenous (IV) infusion for approximately one hour on Day 1. Group 2 monkeys
received LDP-02 once at 2.5 mg/kg (0.75 mL/kg) via subcutaneous (SC) injection.
Blood samples were collected on Day -1, two hours and one hour prior to treatment and 
at 1, 2, 4, 8, 20, 24, 48, 72, 96, 120,144, 168, 192, 240, and 336 hours after treatment.
In addition, saturation of α4β7 on the surface of circulating lymphocytes was also 
studied using flow cytometry (report addendum). 

Results: 

Pharmacokinetics: Following IV administration (Group 1), serum LDP-02 Cmax value was
achieved at 1.41 hours and serum concentrations ranged from 40.04 to 67.27 µg/mL. 
The terminal elimination half-life (t1/2) was estimated to be 102.6 hours. When LDP-02 
was administered via SC injection (Group 2), tmax values ranged from 49.42 to 145.25 
hours. Pharmacokinetic (PK) parameters could not be determined for SC administration 
as LDP-02 could not be measured at time points that exceeded 11 days in the majority 
of animals because of a probable immune response that interfered with the method of 
analysis. The following table (from page 32 of the report) shows the PK parameters
following IV administration.
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5.2 Toxicokinetics 

Toxicokinetics is discussed in the review of individual toxicology studies.
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6 General Toxicology

6.1 Single-Dose Toxicity

An Acute Intravenous Infusion Toxicology Study of MLN0002 Manufactured Using 
Process B and Process C in Cynomolgus Monkeys (KLA00348)

The following review is incorporated below from the pharmacology review of IND 09125 
dated May 13, 2011.
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6.2 Repeat-Dose Toxicity

Study title:  14-Day Toxicity Study of LDP-02 Administered via Intravenous 
Infusion to Cynomolgus Monkeys

Study no.: 3-G10
Report No.: LDP-02-15

Study report location: EDR 4.2.3.2
Conducting laboratory and location:

Date of study initiation: October 29, 1996
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: LDP-02, 3A9/TAC Lot # 3, Purity data not 

provided

Key Study Findings:

 In a 14-day IV infusion study in Cynomolgus monkeys, animals (n =1/sex) were 
treated with LDP-02 at 2.5 mg/kg once a day for 14 days. In this study, three 
groups received identical treatment and were sacrificed at different time points. 
There were no control animals and only one dose was tested using one animal
per sex. 

 There was no mortality. 
 Ova and parasites (Balantidium coli, Oesophagostomum sp, Trichuris sp, etc.) 

were observed in the stool samples of several male monkeys. Parasitic infections 
are common in monkeys and the relation to the treatment is unclear in the 
absence of control animals and a dose response.

 Gross necropsy findings included a nodule in the stomach in one Group 1 male 
and one Group 1 and Group 2 female had discoloration of the skin at the infusion 
site. One Group 3 male had lesion (adhesions) in the lungs and one Group 3
female had a multifocal discoloration on the heart (that was considered 
secondary to a cardiac puncture for blood collection at necropsy).

 Histopathological changes were seen in the testes (focal seminiferous tubular 
ectasia and rupture, accompanied by focal aggregates of immature
spermatogonia within the adjacent epididymal tubules of the Group 1 male), 
pituitary (focal vacuolization within the hippocampus and pars intennedia in the 
Group 3 male), and lens (mild lenticular degeneration at the posterior equator of 
the lens in all six animals). One Group 2 female (No. 2101) showed linear 
hemorrhage and necrosis within the myocardium which was attributed to the 
cardiac puncture procedure performed on this animal for blood collection.
Moreover, moderate lymphoid hyperplasia was observed within the spleen, 
salivary gland, stomach, duodenum, and vaginal stroma as well as within 
mandibular and mesenteric lymph nodes in several animals. The relation to the 
treatment is unclear.

 No conclusions could be made from this study, as this study used only one 
animal per sex, one dose and there was no control group. The results of this 
study are not interpretable.
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Methods: The study consisted of three groups of one male and one female 
Cynomolgus monkey per group. LDP-02 was administered at a dose level of 2.5 
mg/kg once a day for 14 consecutive days via IV infusion over a one hour period 
on Day 1, a 30 minute period on Day 2 and over 15 minute periods on Days 3-
14. Group 1, 2, and 3 monkeys were euthanized on Days 14, 18, and 29, 
respectively. 

Doses: 2.5 mg/kg
Frequency of dosing: Once a day

Route of administration: IV infusion
Dose volume: 0.75 mL/kg

Formulation/Vehicle: 0.9% Sodium chloride
Species/Strain: Cynomolgus monkey

Number/Sex/Group: 1/sex/dose
Age: Not specified, young adult

Weight: Not provided
Satellite groups: None

Unique study design: Study design is shown below
Deviation from study protocol: Protocol deviations did not affect the quality or 

integrity of the study or the interpretation of the 
results in the report.

The following table (from page 15 of the report) shows the study design.

Observations and Results:

Mortality: Mortality was checked twice daily. There were no mortalities.
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Clinical Signs: Clinical signs were observed once daily. Clinical signs included scab 
formation around nose and mouth, emesis, and soft feces. The relation to the treatment 
is unclear.

Body Weights: Body weights were recorded on Days -5, -1, 1 through 14, 18, and 29. 
The mean initial (Day -5) body weight of the male was 3.5 kg. The mean initial (Day -5) 
body weight of the female was 2.4 kg. No comments could be made regarding the effect 
of treatment in the absence of control.

Food Consumption: Food consumption was recorded daily. The mean initial (Day 4) 
food consumption of the male was 13.0 g/animal/day. The mean initial (Day 4) food 
consumption of the female was 6.0 g/animal/day. No comments could be made 
regarding the effect of treatment in the absence of control.

Ophthalmoscopy: Ophthalmoscopy was conducted weekly. No abnormalities were 
detected prior to the treatment or during the course of the study.

Electrocardiography (ECG): Electrocardiography was not performed. However, blood 
pressure, heart rate and respiration rate were recorded at specified times. Heart rate, 
body temperature and respiratory rates remained relatively constant throughout the 
study.

Hematology: Blood samples were collected on Days -5, 1, 3, 9, 14, 18, 24 and 29. In 
general, there was a decline in the red blood cell (RBC) count, hemoglobin and 
hematocrit during the first nine days of the study when compared to the pre-treatment 
values on Day -5. The decrease in RBC count ranged 5 to 16% for males and 12 to 
19% for females. These were attributed to the repeated blood collections over the first 
nine days of the study and were not considered treatment-related.

Clinical Chemistry: Blood samples were collected on Days -5, 1, 3, 9, 14, 18, 24 and 29.
There were no significant changes in serum chemistry parameters when compared to 
the pre-treatment values. 

Urinalysis: Urine samples were collected on Day 1 and at necropsy. One female (No. 
2101) had elevated white, red, epithelial cells in the sediment when compared to Day 1
value.

Stool: Rectal swabs for culture were collected on Days 1, 7, 10, 14, 17 and 29. Stool 
samples for ova and parasite determinations were collected on Days 1, 7, 10, 14, 18 
and 29. Ova and parasites were observed in stool samples of several male monkeys. 
Group 1 monkey No. 1001 was positive for Balantidium coli on Day 1 and on Day 14 
and positive for Oesophagostomum sp. on Day 14. Group 2 monkey No. 2001 was
positive for Trichuris sp. on Day 7. In Group 3, monkey No. 3001 was positive for
Balantidium coli on Days 1, 7 and 29. No ova and parasites were observed in the stool
samples of female monkeys during the course of the study. Parasitic infections are 
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common in monkeys and the relation to the treatment is unclear in the absence of 
control animals and dose response.

Gross Pathology: Gross pathology was conducted at necropsy. Group 1 male No. 1001 
was found to have a nodule in the stomach. Group 1 female No. 1101 and Group 2 
female No. 2101 had discoloration of the skin at the site of infusion. Group 2 male No 
2001 was found to have parasites in the cecum. Group 3 male No. 3001 had a notable 
lesion (adhesions) in the lungs while Group 3 female No. 3101 had a multifocal 
discoloration on the heart that was secondary to a cardiac puncture at necropsy to 
obtain blood. The relation to the treatment is unclear in the absence of a control group 
and dose response (one dose was used) and one animal per sex was used in this 
study.

Organ Weights: The following (from page 24 of the report) organs were weighed from all 
animals. In males, the absolute weight of the liver and kidneys increased slightly across
Groups 1, 2 and 3; however, only the relative weight (to body weight) of the kidneys was 
increased. In females, similar increases were noted for absolute liver and kidney 
weights. In female monkeys, however, only increases in the relative (to body weight) 
liver weights across Groups 1, 2 and 3 were observed. The Applicant did not state 
whether these increases were relative to the pretreatment values. The relation to the 
treatment is unclear in the absence of controls and limited number of animals. 
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Histopathology: The following (from page 25 of the report) tissues were collected for 
histopathology from all animals.

Histological Findings: Histopathological changes were seen in the testes (focal
seminiferous tubular ectasia and rupture, accompanied by focal aggregates of immature
spermatogonia within the adjacent epididymal tubules of the Group 1 male), pituitary 
(focal vacuolization within the hippocampus and pars intennedia in the Group 3 male), 
and lens (mild lenticular degeneration at the posterior equator of the lens in all six 
animals). As per the Applicant, these findings in the testes, pituitary and lens were 
incidental and unrelated to the test article as there was no distinct difference in severity 
of these changes among treatment groups. One Group 2 female (No. 2101) showed 
linear hemorrhage and necrosis within the myocardium which was attributed to the 
cardiac puncture procedure performed on this animal for blood collection. Moreover, 
moderate lymphoid hyperplasia was observed within the spleen, salivary gland, 
stomach, duodenum, and vaginal stroma as well as within mandibular and mesenteric 
lymph nodes in several animals. It was not clear whether this lymphoid hyperplasia is 
related to test article administration in the absence of a control. The following table 
(from page 40 of the report) shows the incidence of microscopic changes.
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Toxicokinetics: Data not provided

Saturation of Binding and Circulating Antibody: To monitor the saturation of surface 
antigen by LDP-02, lymphocytes present in whole blood were collected at various time 
points and were stained with an anti-human IgG-biotin using flow cytometry. The results 
indicated that LDP-02 saturated the surface antigen at the tested dose. Circulating
levels of LDP-02 in these animals dropped to 900 ng/mL by Day 14 postdose. There 
were no free α4β7 binding sites on lymphocytes.

Dosing Solution Analysis: Data not provided

Summary: In a 14-day IV infusion study in Cynomolgus monkeys, animals (n =1/sex) 
were treated with LDP-02 at 2.5 mg/kg once a day for 14 days. In this study, three 
groups received identical treatment and were sacrificed at different time points. There 
were no control animals and only one dose was tested using one animal per sex. There 
was no mortality. Ova and parasites (Balantidium coli, Oesophagostomum sp, Trichuris 
sp, etc.) were observed in the stool samples of several male monkeys. Parasitic 
infections are common in monkeys and the relation to the treatment is unclear. 
Histopathological findings included testes (focal seminiferous tubular ectasia and 
rupture, accompanied by focal aggregates of immature spermatogonia within the 
adjacent epididymal tubules of the Group 1 male), pituitary (focal vacuolization within 
the hippocampus and pars intennedia in the Group 3 male), and lens (mild lenticular 
degeneration at the posterior equator of the lens in all six animals). As per the 
Applicant, these findings in the testes, pituitary and lens were incidental and unrelated 
to the test article as there was no distinct difference in severity of these changes among 
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Methods:
Doses: 0, 2.5 and 10 mg/kg

Frequency of dosing: For 0 and 10 mg/kg, dosing was performed on 
Days 1 and 4 and then once weekly through Day 
85 (14 administrations). For 2.5 mg/kg, dosing 
was performed daily on Days 1 through 8, twice 
weekly through Day 29 and once weekly through 
Day 85 (22 administrations).

Route of administration: IV infusion on Day 1, followed by IV injection on 
subsequent days

Dose volume: Dose volume for Group 2 (2.5 mg/kg) was 0.5 
mL/kg; dose volume for Group 3 (10 mg/kg) was 
2 mL/kg

Formulation/Vehicle: 0.9% sodium chloride
Species/Strain: Cynomolgus monkey

Number/Sex/Group: The study consisted of three groups of monkeys 
receiving 0 (saline; 5 male, 5 female), 2.5 (3 
male, 3 female) or 10 (5 male, 5 female) mg/kg 
of LDP-02

Age: Young adult
Weight: Males: 2.7 to 3.3 kg; Females 2.4 to 3.1 kg

Satellite groups: Recovery (70-day, treatment-free, shown in the 
table below)

Unique study design: Study design is shown below
Deviation from study protocol: There were no protocol deviations that affected 

the study objectives, results or interpretations.

The following table (from page 23 of the report) shows the study design.
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Observations:

Mortality: Mortality was observed twice daily. 

Clinical Signs: Clinical signs were checked twice daily.

Body Weights: Body weights were recorded on Day 1 and weekly thereafter. 

Food Consumption: Not recorded
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Ophthalmoscopy: Ophthalmoscopy was conducted on Day 1, Day 16, and prior to 
terminal and recovery necropsy. 

Electrocardiography (ECG): Body temperatures, heart and respiratory rates, and 
electrocardiograms (ECGs) were recorded prior to and following dosing on Days 1, 8, 
29, 57, and 85, and on Days 86, 99, and 156.

Hematology: Blood samples were collected as per the schedule shown in the table 
below (from page 24 of the report).
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Clinical Chemistry: Blood samples were collected as per the schedule shown in the 
above table
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Toxicokinetics: Blood samples were collected as per the above table for TK analysis
using ELISA (enzyme-linked immunoabsorbent assay).

Immunogenicity [Primate Anti-Human Antibody (PAHA)]: Blood samples were collected 
as per the above table for immunogenicity analysis by using enzyme linked 
immunosorbent assay (ELISA) and Biacore assay.

Immunotoxicity (Lymphocyte Subset Immunophenotyping): Relative and absolute 
numbers of total (CD3+), helper (CD4+ [measured as CD3+/CD8-]), cytotoxic/suppressor 
(CD8+), and activated memory (CD4+/CD45+RO+ [measured as CD4+/CD45+RA-]) T 
cells; natural killer (NK) (CD3-/CD4-/CD8-) cells; and B cells (gated as non-T, non-NK 
cells) in the peripheral blood were measured using flow cytometry.

Immunohistochemistry (Free α4β7 Sites in Colon Tissue): Only colon tissues were 
collected for staining for immunohistologic assessment of free α4β7 sites.

Pharmacodynamics (PD) (Bound LDP-02 and Free α4β7 Sites on T Cells): Blood 
samples were collected as per the above table for PD. Bound LDP-02 and free α4β7 
sites (receptor occupancy) on total (CD3+), helper (CD4+ [CD3+/CD8-]), 
cytotoxic/suppressor (CD8+) and activated memory (CD4+/CD45+RO+ [measured as 
CD4+/CD45+RA-]) T cells in the peripheral blood were measured using flow cytometry.

Dosing Solution Analysis: Data not provided

Results:

Mortality: There were no treatment-related mortalities.

Clinical Signs: Treatment related clinical signs included vomiting, facial swelling, 
erythema, and pale mucous membranes. The following table (from page 41 of the 
report) shows the summary of clinical signs.
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The Applicant commented that the types of clinical signs observed and their pattern of
occurrence (majority occurring on or after Day 22) suggested a possible relationship to 
the onset of anti-LDP-02 antibodies. All treated animals developed an increase in PAHA 
values by Day 15, with the exception of one animal (Female No. 3101) in which the 
increase occurred on Day 22. 

Body Weights: The mean initial (Day 1) and final (Day 85) weight of control males were 
2.94 and 3.25 kg, respectively. The mean initial (Day 1) and final (Day 85) weight of 
control females were 2.88 and 2.98 kg, respectively. In males, final body weights were 
106% and 97% of control at 2.5 and 10 mg/kg, respectively. In females, final body 
weights were 96% and 93% of control at 2.5 and 10 mg/kg, respectively. There were no 
significant treatment-related effects.

Food Consumption: Not recorded

Ophthalmoscopy: There were no significant treatment-related effects.

Electrocardiography (ECG), Heart Rate, Respiratory Rate and Body Temperature: 
There were no significant treatment-related effects.

Hematology: There were no significant treatment-related effects.

Clinical Chemistry: There were no significant treatment-related effects.

Urinalysis: There were no significant treatment-related effects.

Stool: Balantidium coli organisms were observed in 3 of 28, 1 of 18, and 1 of 30 fecal 
samples at 0, 2.5 and 10 mg/kg groups, respectively. B. coli are common commensal 
intestinal parasite of macaques [Drevon-Gaillot E et al. 2006, A review of 
background findings in Cynomolgus monkeys (Macaca fascicularis) from three 
different geographical origins, Exp Toxicol Pathol, 58:77-88]. The presence of B. coli 
did not appear to be treatment-related due to lack of a dose response, the presence of 
this parasite in control animals and the background findings.

Gross Pathology: There were no LDP-02-related macroscopic findings.

Organ Weights: There were no significant treatment-related effects.

Histopathology: There were no significant treatment-related effects. Balantidium coli 
organisms were observed in gastrointestinal tissue sections from 2 of 10, 0 of 6, and 0 
of 10 animals at 0, 2.5 and 10 mg/kg, respectively. The presence of B. coli did not 
appear to be treatment-related due to lack of a dose response, the presence of this 
parasite in control animals and the background findings.

Toxicokinetics: Exposure to LDP-02 was approximately dose-proportional. At 2.5 and 10 
mg/kg, the mean exposure (AUC0-24h) values on Day 85 were 4,960 and 13,300 
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μg.hr/mL, respectively. At 10 mg/kg on Day 85, the mean exposure (AUC0-1680h) value 
was 310,000 μg.hr/mL and the terminal elimination half-life (t1/2) for LDP-02 was 540 
hours (22.5 days). The following tables (from page 956 and 957 of the report) show the 
mean exposure values at 2.5 and 10 mg/kg doses.

Immunogenicity: LDP-02 was immunogenic in monkeys. Anti-drug antibody was 
detected in the serum of all animals when tested with ELISA and Biacore assays. In 
ELISA assay, PAHA were detected on Day 15 in 16 of 16 animals that received LDP-
02, regardless of dose. In Biacore assay, PAHA responses were detected on Day 8 in 6 
of 6 animals at 2.5 mg/kg and on Day 15 in 10 of 10 animals at 10 mg/kg. PAHA had 
variable effects on serum LDP-02 concentrations (PK) and T cell bound LDP-02 and 
free α4β7 (PD) parameters, however, there was no apparent gender effect on the 
incidence of PAHA or their effect on PK and/or PD parameters. PAHA had an apparent 
neutralizing effect on PK/PD parameters in 2 of 6 and 5 of 10 animals at 2.5 and 10 
mg/kg, respectively. Continued administration of LDP-02 was generally associated with 
serum LDP-02 concentrations that were below the limit of quantitation (LOQ, 0.8 μg/mL) 
and with brief saturation of α4β7 on T cells followed by rapid unsaturation. PAHA had 
no apparent effect on serum LDP-02 concentrations or saturation of α4β7 on T cells in 4 
of 6 and 4 of 10 animals at 2.5 and 10 mg/kg, respectively. When no neutralizing effect 
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was evident, serum LDP-02 concentrations generally declined steadily after the last 
dose and the LDP-02 concentrations continued to be detectable in serum through the
last day of the study. As a result, in animals without a neutralizing effect from PAHA,
saturation of α4β7 on T cells was maintained until terminal sacrifice on Day 86 at 2.5 
mg/kg and on Days 86 or 156 at 10 mg/kg. 

Immunotoxicity:  There were no LDP-02-related changes in absolute numbers for CD3+, 
CD4+, CD8+ T cells or NK (CD3-/CD4-/CD8-) cells.

Immunohistochemistry (Free α4β7 Sites in the Colon Tissue): There was a positive 
correlation between the presence of free α4β7 on the peripheral blood T cells and the 
presence and intensity of staining for free α4β7 sites on mononuclear cells 
(lymphocytes) in the colon tissue, regardless of the dose. There was no apparent 
gender difference. In the colon of normal Cynomolgus monkeys, α4β7 was distributed 
on numerous lymphocytes scattered within the lamina propria and occasionally within 
the colonic epithelium (intraepithelial leukocytes). In addition, the luminal surface of gut-
associated lymphoid tissue (GALT) displayed a dense “cap-like” aggregation of α4β7+

lymphocytes. These staining patterns were consistent with the function of α4β7 in the 
trafficking of gut-homing lymphocytes.

In control animals at necropsy (Day 86 or 156), about 74-99 % of the α4β7 on the 
peripheral blood T cells was unsaturated. All of these animals had free α4β7 present on 
lymphocytes in their colon tissue. 

In the presence of PAHA, in 2 of 6 and 5 of 10 animals at 2.5 and 10 mg/kg, 
respectively, 78 to 98 % of the α4β7 on peripheral blood T cells was unsaturated. All of
these animals had free α4β7 present on lymphocytes in their colon tissues. Thus, when 
free α4β7 was available on peripheral blood T cells, it was generally also available on 
colonic lymphocytes.

In the absence of PAHA at necropsy, in 4 of 6 and 4 of 10 animals at 2.5 and 10 mg/kg, 
respectively, only 1 to 5 % of α4β7 on peripheral blood T cells was unsaturated. All of 
these animals had little or no free α4β7 present on lymphocytes in their colon tissue
when there was no PAHA. Thus, when free α4β7 was not available on peripheral blood 
T cells, it was generally not available on colonic lymphocytes (16 of 17 animals). 
Alternatively, when bound LDP-02 was present on peripheral blood T cells, free α4β7 
was not present on colonic lymphocytes (8 of 8 animals). Based on this, the Applicant 
stated that peripheral blood T cell α4β7 saturation is a reasonable surrogate for colon 
tissue lymphocyte α4β7 saturation, and that saturation of α4β7 in the colon was 
achieved following administration of LDP-02 and was maintained through the recovery 
period.

Pharmacodynamics (PD) (Bound LDP-02 and Free α4β7 Sites on T Cells): Initial 
saturation of α4β7 on CD4+/CD45+RO+ T cells by LDP-02 was independent of dose. 
Immediately after administration of 2.5 and 10 mg/kg LDP-02 on Day 1, 93% and 91% 
of α4β7 receptors were saturated, respectively. There was no apparent gender 
difference on the saturation of α4β7 on T cells.
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Dosing Solution Analysis: LDP-02 was stable under the conditions of storage and use in
this study. 

Summary: In a 3-month IV study (KLAW-111) in Cynomolgus monkeys with a 70-day 
recovery period, animals were treated with LDP-02 at 0, 2.5 and 10 mg//kg. For 0 and
10 mg/kg, dosing was performed on Days 1 and 4 and then once weekly through Day 
85 (14 administrations). For 2.5 mg/kg, dosing was performed daily on Days 1 through 
8, twice weekly through Day 29 and once weekly through Day 85 (22 administrations).
There was no treatment-related mortality. Clinical signs at 2.5 and 10 mg/kg included 
vomiting, facial swelling, erythema, and pale mucous membranes. These signs were 
resolved during the recovery period and were attributed to the presence of PAHA, and 
not to the direct effects of LDP-02. LDP-02 was immunogenic and PAHA developed in 
all animals that received LDP-02. PAHA had a neutralizing effect that resulted in rapid 
clearance of LDP-02 from the serum and unsaturation of α4β7 on T cells. Balantidium 
coli organisms were observed in 3 of 28, 1 of 18, and 1 of 30 fecal samples at 0, 2.5 
and 10 mg/kg groups, respectively. Balantidium coli are common commensal intestinal 
parasite of macaques [Drevon-Gaillot E et al. 2006, A review of background 
findings in Cynomolgus monkeys (Macaca fascicularis) from three different 
geographical origins, Exp Toxicol Pathol, 58:77-88]. The presence of B. coli did not 
appear to be treatment-related due to lack of a dose response, the presence of this 
parasite in control animals and the background findings. There were no significant 
treatment-related histopathological findings. The NOAEL was considered as 10 mg/kg.  

26-Week Toxicology Study of MLN0002 Administered by Intravenous Infusion to
Cynomolgus Monkeys, with a 12-Week Recovery Period (KLA00290)

The review of the above study is incorporated below from the pharmacology review of 
IND 9125 dated July 14, 2008. 
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in control animals and reported background incidences. Based on these, the NOAEL 
was considered as 100 mg/kg.
   
3-Month Intravenous Infusion Toxicology and Toxicokinetic Study of MLN0002 in 
New Zealand White Rabbits (Report No. 416055)

The review of the above study is incorporated below from the pharmacology review of 
IND 9125 dated February 5, 2009.
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7 Genetic Toxicology

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

N/A

7.2 In Vitro Assays in Mammalian Cells

N/A

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay)

N/A

7.4 Other Genetic Toxicity Studies

N/A

8 Carcinogenicity

In accordance with ICH Guideline S6(R1), conventional carcinogenicity studies (i.e., 
rodent bioassays) have not been conducted with MLN0002 to assess its carcinogenic 
potential as it lacks pharmacological activity in mice and rats. MLN0002 bound with 
similar affinity to leukocytes from rabbits, monkeys, and humans, but not from mice, 
rats, or guinea pigs. Rodents are not considered pharmacologically relevant species for 
MLN0002. However, carcinogenic potential of Act-1 (murine homologue of MLN0002) 
was assessed in an in vitro study (Report RPT-01335) using human tumor cells (RPMI 
8866 cell line derived from a human B-cell lymphoma) that expressed 4β7 integrin. In 
this study, Act-1 did not stimulate the growth or cellular proliferation of RPMI 8866 
human B-cell lymphoma cell that express the 4β7 integrin. MLN0002 also did not 
affect other factors that could affect oncogenesis, such as cytokine production, 
activation, cell proliferation of primary human leukocytes expressing the 4β7 integrin. 
Lymphoid hyperplasia was observed in the 13- and 26-week toxicology studies in
Cynomolgus monkeys and in a 3-month toxicology study in rabbits. These findings most 
likely resulted from the immunogenicity (i.e., antigenic stimulation) associated with 
infusing nonhuman species with a humanized monoclonal antibody. In addition, there 
was no evidence of systemic immunosuppression in toxicology studies. Overall, 
MLN0002 does not appear to have a carcinogenic potential based on the following: a) 
4β7 integrin expression has only been observed on the surface of mature leukocytes 
and malignant lymphoid cell lines, and the 4β7 integrin is not expressed by solid 
tumors, b) there were no effects of Act-1 on cell proliferation or growth of an 4β7 
integrin-positive human tumor cell line in vitro, and c) there was no evidence of systemic
immunosuppression in chronic toxicology studies with MLN0002 in Cynomolgus 
monkeys.
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9 Reproductive and Developmental Toxicology

9.1 Fertility and Early Embryonic Development

N/A

9.2 Embryonic Fetal Development

A Segment II Intravenous Infusion Dose Ranging Study in Rabbits (416036/DSD-
00661)

The review of the above study is incorporated below from the pharmacology review of 
IND 9125 dated April 11, 2008.
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Group 3 rabbits received single SC injections (2.3 mL) of MLN0002 to sites on the back 
at two concentrations (30 and 60 mg/mL). Group 4 animals received single IM injections 
(0.58 mL) of MLN0002 to sites on the thigh at two concentrations (30 and 60 mg/mL). 
Concurrent control groups (Groups 1 and 2) received low (25 mM Histidine/Histidine-
HCl, 62.5 mM Arginine-HCl, 0.03% Polysorbate 80, 5% Sucrose, pH 6.3, 315 mOsm/kg) 
and high (50 mM Histidine/Histidine-HCl, 125 mM Arginine-HCl, 0.06% Polysorbate 80, 
10% Sucrose, pH 6.3, 655 mOsm/kg) concentrations of the vehicle control article on a 
comparable regimen. Groups 1 and 2 each consisted of four males and Groups 3 and 4 
each consisted of six males. All animals were observed twice daily for mortality and 
moribundity. Detailed physical examinations were performed and body weights were 
recorded on the day of dosing and at necropsy. Clinical signs were observed 
approximately 1, 24, 48 and 72 hours post-dose. Following the 72 hour post-dose, all 
surviving animals were euthanized and the injection sites were examined 
macroscopically and microscopically.

Results: There was no mortality. There was no significant treatment-related effect on 
body weight. Clinical signs at the SC injection sites at 1 hour post-dosing included 
swelling within the injection site in 4 of 6 and 2 of 6 sites at 30 mg/mL and 60 mg/mL of 
MLN0002, respectively. Swelling was also observed, at 1 hour post-dose, for 1 of 4 SC 
injection sites with the low concentration of the vehicle control and for 2 of 4 SC 
injection sites with the high concentration of the vehicle control article. Clinical signs 
observed at the IM injection sites at 48 hours post-dose included a reddened area within 
the injection site in 2 of 6 sites at 30 mg/mL of MLN0002. Macroscopic observations
included slight to moderate hyperemia and discoloration (scores of 1 and 2) at the SC
injection site in 1 of 4, 1 of 6, and 2 of 6 sites injected with the high concentration of 
vehicle control, 30 mg/mL, and 60 mg/mL of MLN0002, respectively. Moderate 
hyperemia and discoloration was also observed at the IM injection sites in 2 of 4 sites at 
the high concentration of the vehicle control article. Minimal to mild hemorrhage and/or 
inflammation were observed microscopically for 1 of 4, 1 of 4, 1 of 6, and 3 of 6 of the 
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SC injection sites at the low or high concentrations of the vehicle control or the 30 
mg/mL or 60 mg/mL of MLN0002, respectively. Minimal to mild hemorrhage and/or 
inflammation were also observed microscopically for 2 of 4, 3 of 4, 4 of 6, and 3 of 6 of 
the IM injection sites at the low or high concentrations of the vehicle control or the 30 
mg/mL or 60 mg/mL of MLN0002, respectively. The incidence and severity of the 
observations were similar between the vehicle and the test article-injected sites. The 
changes were attributed to mechanical trauma related to the injection procedure.

Overall, it was concluded that MLN0002 administered via a single SC or IM injection to 
New Zealand White rabbits did not result in any significant irritation at the tested 
concentrations (30 or 60 mg/mL). The incidence and severity of the findings were 
similar between vehicle- and MLN0002-injected sites. The changes observed at the 
vehicle and MLN0002 injection sites were attributed to the injection site trauma.

3-Week Comparative Immunotoxicity Study of Natalizumab (Tysabri®) and
Vedolizumab (MLN0002) Administered by Intravenous Infusion to Cynomolgus
Monkeys (20002458)

The review of the above study is incorporated below from the pharmacology review of 
IND 9125 dated May 13, 2011.
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Single Dose TDAR Study in Cynomolgus Monkeys with Natalizumab
(Tysabri®)(KLA00441)

The review of the above study is incorporated below from the pharmacology review of 
IND 9125 dated May 13, 2011.
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Delayed-Type Hypersensitivity Responses, Anti-Tetanus Antibody Titers, and
Laboratory Assay Results in Act-1 Treated Rhesus Monkeys (RPT-02275)

Methods: The objective of this study was to examine whether α4β7 blockade inhibited 
cell-mediated immunity in the skin. This study was conducted with Act-1 (murine
homologue of MLN0002) in tetanus-sensitized Rhesus monkeys (Macaca mulatta) 
challenged intradermally (ID) with tetanus toxoid (TT) in a cutaneous delayed-type 
hypersensitivity (DTH) model using IV/IM routes. Act-1 was administered repeatedly to 
three Rhesus monkeys (2.0 mg/kg for 10 days, the first dose IV and subsequent doses 
IM). Skin biopsies were conducted at 72 hours after each ID challenge to serve as 
baseline controls for comparison of responses to a third ID challenge after α4β7 
blockade. Beginning one day before the third ID challenge with TT, three animals 
received either Act-1 or an irrelevant IgG1 isotype control antibody. At 72 hours after ID 
challenge, the skin sites were removed by biopsy. The number of leukocytes in the 
dermis of each of the three sequential skin biopsies was determined following staining 
for T cells (CD3+) or monocytes/macrophages (HAM-56+). Results (percentage of area 
examined with positive immunostaining) from post-dose biopsies were normalized to
results for pre dose biopsies, and were compared between groups.

Results: Act-1 treated animals had no significant difference in CD3+T cell or HAM-56+

monocyte/macrophage cell density within the inflammatory foci when compared to 
controls. The following table (from page 6 of the report) shows the results of this study.
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Based on these, it was concluded that there was no evidence that α4β7 blockade 
inhibited cell-mediated immunity in the skin.

Cross-Reactivity Study of MLN0002 with Normal Human Tissues (Study No. 
IM1493)

Methods: The objective of this study was to evaluate the potential cross-reactivity of 
MLN0002 with a panel of normal human tissues. In this study, MLN0002 was applied to 
cryosections of normal human tissues (from at least three separate donors per tissue) at 
two concentrations (2 and 20 µg/mL). The following (from page 12 of the report) tissues 
were examined.

Results: MLN0002 stained the positive control tissue [human tonsil (mononuclear
cells)] as expected. Moderate to intense MLN0002 staining of the membrane of 
mononuclear cells was observed in interfollicular and submucosal regions of the tonsil 
at the high concentration of MLN0002. MLN0002 did not react with the negative control 
[human striated (skeletal) muscle (myocytes)]. The negative control antibody, HuIgG1, 
did not react with either the positive or negative control tissues or tissue elements. The 
specific reactions of MLN0002 with the positive control tissue and the lack of specific
reactivity with the negative control tissue, as well as the lack of reactivity of the negative
control antibody, indicated that the assay was valid.

MLN0002 stained mononuclear cells in multiple human tissues as follows: adrenal (1 of 
3 donors), blood cells (2 of 3 donors), bone marrow (1 of 3 donors), breast [mammary 
gland (1 of 3 donors)], gastrointestinal tract [colon (3 of 3 donors)], esophagus (2 of 3
donors), small intestine (2 of 3 donors), stomach (3 of 3 donors), kidney (1 of 3 donors), 
liver (2 of 4 donors), lymph node (3 of 3 donors), fallopian tube (2 of 4 donors), prostate 
(3 of 3 donors), salivary gland (2 of 3 donors), skin (1 of 3 donors), spleen (3 of 3 
donors), thymus (3 of 3 donors), tonsil (3 of 3 donors), urinary bladder (2 of 3 donors),
and uterus-cervix (1 of 3 donors). In all tissues positive staining was observed at the 
membrane of the MLN0002-stained cells. In gastrointestinal tract tissues, MLN0002 
stained mononuclear cells were organized in submucosal lymphoid nodules and/or
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scattered in lamina propria. In the lymphoid tissues (tonsil, submucosal lymphoid
nodules in gastrointestinal tract), the staining was observed at the membrane of 
mononuclear cells in interfollicular and submucosal regions. In one thymus sample, 
MNL0002 staining predominated in the medulla. Overall, the human tissue cross-
reactivity profiles were consistent with the patterns of α4β7 integrin expression. 

A Cross-Reactivity Study of MLN0002 with Normal Cynomolgus Monkey Tissues
(RPT-IM1741)

The review of the above study is incorporated below from the pharmacology review of 
IND 9125 dated April 29, 2011.

Reference ID: 3410483





BLA # 125476 Reviewer: Tamal K. Chakraborti, Ph.D.

145

Preliminary Studies of Cross Reactivity of a Humanized Monoclonal Antibody 
LDP-02 (Study No. IM353)

Methods: This exploratory study was conducted to determine the appropriate positive 
controls, concentrations of antibody, and the fixation and staining conditions to be used 
in a subsequent full human tissue cross reactivity study. In this study, several different 
forms of LDP-02 (biotinylated, unconjugated, fluoresceinated) and its murine homologue 
ACT-1 were tested. Multiple human and monkey tissues were examined as potential 
positive controls including tonsil, lymph node, small intestine, spleen, and cultured 
lymphoblastoid cells. In addition, multiple fixation procedures were evaluated; and 
different fixatives were tested, which included paraformaldehyde, formalin, acetone, and 
citrate buffered acetone. Multiple immunoperoxidase staining procedures were also
examined including direct immunoperoxidase, indirect immunoperoxidase, 
precomplexing indirect immunoperoxidase, anti-id indirect immunoperoxidase. Two 
amplification systems were examined, one avidin/biotin complex-based peroxidase stain 
(tyramide signal amplification) and the other based on a peroxidase-labeled polymer.

Results: For LDP-02, the strongest signal and the best signal-to-noise ratio was
demonstrated for an anti-id indirect immunoperoxidase system using a post fixation step 
and a peroxidase-labeled polymer amplification system. For the ACT-1, the strongest 
signal and the best signal-to-noise ratio was demonstrated for an indirect 
immunoperoxidase system and a peroxidase-labeled polymer amplification system. In 
addition, several potential positive control tissues were identified. The tonsil showed the 
most consistent positive signal. The results indicated that LDP-02 should be titrated 
over a narrow range (approximately 5-20 µg/mL) as reasonable signal was evident at 10 
µg/mL but the intensity of the signal often dropped at 1 µg/ml.
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Cross Reactivity of Mouse Monoclonal Antibody ACT-1 with Normal Human 
Tissues (IM433)

Methods: This study examined the potential tissue cross-reactivity of ACT-1 (murine
homologue of MLN0002) with cryosections of 37 normal human tissues from each of 
three donors. In this study, ACT-1 was applied to human tissues (three sources per 
tissue) at two concentrations (5 and 20 µg/mL) and incubated for 120 minutes. The 
concentrations of the test article, positive and negative controls were selected based on 
the previous study (IM353) described above.

Results: ACT-1 specifically stained the cell membranes of positive control, α4β7
expressing lymphocytes in the mantle and interfollicular regions of human tonsil. There 
was no specific staining of the negative control follicular germinal center lymphocytes at 
either concentration of the test article. ACT-1 reacted with lymphocytes in the lymphoid
tissues, within the lumens of blood vessels, or as low-grade inflammatory infiltrates in 
various nonlymphoid tissues. ACT-1 specifically stained lymphocytes of lymph nodes 
(paracortex and mantle), tonsil (interfollicular/mantle regions), positive control tissue,
and spleen (periarteriolar lymphoid sheath). ACT-1-reactive lymphocytes were found in 
the central regions of less fully developed lymphoid follicles in the lymph node or gut-
associated lymphoid tissues (GALT, e.g., submucosal lymphoid nodules in the 
esophagus, large intestine, small intestine, and stomach). ACT-1 also reacted with 
lymphocytes in the thymic medulla and rare mononuclear cells in the bone marrow.
ACT-1 specifically stained lymphocytes found within vessel lumens in the brain 
(cerebrum), liver, and lymph node. Within the lymph nodes, ACT-1 reactive lymphocytes 
were particularly observed within the lumens of efferent lymphatics at the node hilus.
ACT-1 also reacted specifically with perivenular lymphocytes in the liver of one donor. 
This report commented that although the liver is not considered a primary or secondary
lymphoid tissue, activated T-lymphocytes are known to circulate to the liver and enter 
the parenchyma via a perivenular portal and undergo apoptosis. As per the Applicant, 
as ACT-1 reacts with α4β7 integrin, the reactivity of ACT-1 with occasional perivenular
lymphocytes in the liver was not unexpected.

Cross Reactivity of Humanized Monoclonal lgG1 LDP-02/3A9-8E3.C1 Antibody 
with Normal Human Tissues (Study No. IM434)

Methods: This study examined the tissue cross reactivity of LDP-02 with 37 normal 
human tissues from each of three donors. LDP-02 was applied to human tissues (three 
sources per tissue) at two concentrations (5 and 20 µg/mL). Cryosections of α4β7 
expressing lymphocytes in the mantle and interfollicular regions of the tonsil were used 
as positive control tissues. The lymphocytes in the follicular germinal centers of normal 
human tonsil were selected as the negative control. 

Results: The positive and negative control showed expected results. Reactivity of LDP-
02 was restricted to lymphoid tissues or rare to occasional lymphocytes within the 
lumens of blood vessels or as low grade inflammatory infiltrates in various tissues. 
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Lymphoid Tissues: LDP-02 specifically stained lymphocytes in the T-dependent regions 
of lymph nodes (paracortex and mantle), tonsil (interfollicular/mantle regions) and 
positive control tissue and spleen (periarteriolar lymphoid sheath). Lymphocytes were
not stained in the fully developed germinal centers of the secondary follicles in the 
tonsil, spleen or lymph node. However, LDP-02-reactive lymphocytes were also found in 
the central regions of less fully developed lymphoid follicles found in the lymph node or 
GALT (submucosal lymphoid nodules in the esophagus, large intestine, small intestine, 
and stomach). LDP-02 also reacted with lymphocytes in the medulla of the thymus.

Intravascular Lymphocytes: LDP-02 specifically stained lymphocytes found within the 
vessel lumens in the liver, lung and lymph node. Within the lymph nodes, LDP-02-
reactive lymphocytes were particularly observed within the lumens of efferent 
lymphatics at the node hilus. LDP-02 also reacted with rare to occasional lymphocytes 
in the peripheral blood smears from two donors.

Nonlymphoid Tissues (Liver, Kidney, Prostate, and Thyroid): Like ACT-1, LDP-02
reacted specifically with perivenular lymphocytes in the liver of one donor. As per the 
Applicant, as LDP-02 reacts with α4β7 integrin, the reactivity of LDP-02 with occasional
perivenular lymphocytes in the liver was not unexpected. LDP-02 also specifically 
stained lymphocytes within the kidney from one donor, within the prostate from one 
donor, within the thyroids of two donors, and within the thyroid tissue associated with 
parathyroids. In those tissues, multifocal, relatively low-grade, infiltrates of lymphocytes 
were organized into nodules. In nodules with well-developed follicular germinal centers, 
LDP-02 reacted with the interfollicular regions but not with the follicular germinal center 
regions.

Overall, no unanticipated tissue cross reactivity was observed in this study. LDP-02
shares its complementarity-determining-regions (CDRs) with its murine homologue, 
ACT-1. Therefore, it was expected that the tissue cross reactivity of LDP-02 observed in 
the present study was very similar to that observed in the previous tissue cross 
reactivity (TCR) study with ACT-1 (Study No. IM433). 

Effect of ACT-1 Antibody on the Growth of the Alpha 4 Beta 7-Expressing RPMI 
8866 Human B-Cell Lymphoma Cell Line (RPT-01335)

Methods: This in vitro study examined the carcinogenic potential of Act-1 (murine 
homologue of MLN0002) using human tumor cells (RPMI 8866 cell line derived from a 
human B-cell lymphoma) that expressed 4β7 integrin. The objective of this study was 
to investigate the effect of ACT-1 on the growth rate of a human chronic myeloid B cell
line that expresses α4β7 integrin. The Roswell Park Memorial Institute (RPMI) 8866 cell 
line was derived from a human B cell lymphoma that expresses the 4β7 integrin. Thus, 
this cell line was used as a model for the effect of MLN0002 on tumors that express the 
4β7 integrin. A change in the growth rate of this cell line following treatment with ACT-
1 was considered to indicate the carcinogenicity potential of ACT-1. This study was 
conducted using cell counting kit-8 (CCK-8) cell proliferation assay kit. The WST-8
tetrazolium salt-based growth assays were performed on RPMI 8866 cells cultured in 
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96-well plates. Cells were incubated with CCK-8 reagent for 1 to 5 hours. The assay 
measured the activity of cellular dehydrogenases that reduce the WST-8 compound into 
a water-soluble formazan dye. The amount of the formazan dye generated by the 
activity of dehydrogenases in cells is directly proportional to the number of living cells. 
The reaction was stopped by adding 1% sodium dodecyl sulfate (SDS) to each well. 
Absorbance of the formazan dye was measured at 450 nm. In this study, cells were 
plated into 96-well plates at 30,000 cells per well and were treated either with the IgG1
control or the ACT-1 antibodies at concentrations ranging from 0.039 to 20 µg/mL. The 
IgG1 antibody (mouse mAb) was used as the control. The first cell growth assay was 
performed 24 hours after antibodies were added to the cells, then once every 
consecutive day for a total of 4 measurements. A confirmatory assay was conducted 
using ACT-1 at concentrations ranging from 0.039 to 20 µg/mL for 4 consecutive days 
and the CCK-8 assay was performed on Day 4 only.

Results: Both the control and ACT-1 antibodies had minimal inhibitory effect on cell 
growth. Statistical analysis of the data showed that both (control and Act-1) antibodies 
inhibited cell growth, although the degree of cell growth inhibition in the ACT-1 groups 
was lower than in the corresponding IgG1 groups, which was most visible at Days 3 and 
4. In the confirmatory assay on Day 4, Act-1 inhibited cell growth as shown in the 
following figure (from page 12 of the report).
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In conclusion, ACT-1, the murine analog of MLN0002 with an identical CDR, did not 
stimulate the growth of the RPMI 8866 human B-cell lymphoma cell line, which 
expresses α4β7 the integrin.

11 Integrated Summary and Safety Evaluation

Vedolizumab (MLN0002) is a novel humanized IgG1 monoclonal antibody indicated for 
the treatment of adult patients with ulcerative colitis (UC) and Crohn’s disease (CD). 
Alpha 4 beta 7 integrin, a key mediator of gastrointestinal (GI) inflammation, is 
expressed on the surface of a discrete subset of memory T-lymphocytes that
preferentially migrates into the gastrointestinal tract and can cause inflammation,
characteristic of UC and CD. Vedolizumab binds selectively to α4β7 integrin on the gut-
homing lymphocytes and selectively inhibits adhesion of α4β7 integrin to MAdCAM-1 
and to the extracellular matrix glycoprotein fibronectin but not to VCAM-1. MAdCAM-1 is 
preferentially expressed on endothelial venules at sites of lymphocyte extravasation in 
the GI mucosa and gut associated lymphoid tissue (GALT). Binding of MAdCAM-1 by 
α4β7 mediates migration of leukocytes into the GI mucosa and GALT. Vedolizumab 
antagonizes the α4β7/MAdCAM-1 interaction, inhibits associated migration of 
leukocytes into the GI mucosa, and thereby reduces inflammation in the GI tract.

Vedolizumab has been evaluated in a comprehensive program of nonclinical studies 
which included pharmacology, pharmacokinetics (PK), acute IV toxicology (monkey), 
repeated dose IV toxicology (14-day, 13-week, 26-week) in Cynomolgus monkeys and 
rabbits (3-month), reproductive toxicology (single dose IV embryofetal development in 
rabbits and pre- and postnatal development in monkeys), local tolerance and special 
toxicology studies.   

In pharmacology studies, MLN0002 has been shown to bind selectively to α4β7 integrin; 
it did not bind to the α4β1 integrin or the αEβ7 integrin, and appears to be selective for 
α4β7 integrin. This specificity for the α4β7 integrin seems to differentiate MLN0002 from 
other integrin antagonists, such as the pleiotropic integrin antagonist natalizumab, which 
binds to α4β1 and α4β7 and etrolizumab, which binds to αEβ7 and α4β7. MLN0002 
selectively inhibited adhesion interaction of α4β7 to MAdCAM-1 and fibronectin, but not 
VCAM-1. In an in vivo animal efficacy study with ACT-1 (murine homologue of 
MLN0002) in cotton-tap Tamarin monkeys (Sanguinus Oedipus) with naturally occurring 
chronic colitis, ACT-1 showed efficacy (resolution of diarrhea, reduction of inflammatory 
activity, e.g., leukocyte infiltration of the gut lamina propria and associated degenerative 
structural changes). Immune surveillance of the CNS was tested in experimental 
autoimmune encephalitis (EAE, a primate model of multiple sclerosis) model in Rhesus 
monkeys. MLN0002 did not appear to inhibit immune surveillance of the CNS as 
assessed in this model of EAE in Rhesus monkeys. In contrast, natalizumab blocked 
immune surveillance of the CNS in this model. However, since EAE is not an animal 
model of PML; the results of this study do not directly demonstrate that vedolizumab 
has no potential to cause PML.
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In a cardiovascular safety pharmacology study in telemetered Cynomolgus monkeys, 
MLN0002 did not show any effect on ECG parameters, arterial blood pressure or heart 
rate.  

The pharmacokinetics (PK) of MLN0002 has been studied in Cynomolgus monkeys.  In 
a single dose intravenous PK/PD (pharmacodynamic) study of MLN0002 in 
Cynomolgus Monkeys at 10 and 100 mg/kg, Cmax of 214 and 2090 µg/mL, respectively,
was observed at a Tmax of 0.5 hour postdose, and the AUC0-161hr values were 32,700 
and 54,2000 µg.hr/mL at 10 and 100 mg/kg, respectively. The clearance of MLN0002 
was 0.266 and 0.180 mL/h/kg at 10 and 100 mg/kg, respectively, and the volume of 
distribution was 80.7 and 88.3 mL/kg, respectively. The terminal elimination half-life (t1/2) 
was 336 and 362 hours (14-15 days), respectively. The PK appeared to be 
approximately dose proportional between 10 and 100 mg/kg.

The immunogenicity of MLN0002 was assessed by measuring RAHA (rabbit antihuman 
antibody) and PAHA (primate antihuman antibody) in rabbits and monkeys, 
respectively. The incidence of RAHA and PAHA was variable across single- and repeat-
dose studies and across doses. In some animals, RAHA/PAHA had a neutralizing effect 
on the PK and PD of MLN0002 at the low and mid doses (10 and 30 mg/kg); however, 
saturation of receptors was achieved in animals that did not develop a neutralizing 
RAHA/PAHA effect. At the highest tested dose (100 mg/kg), RAHA/PAHA appeared to 
have little effect on the PK or PD of MLN0002 and receptor saturation was observed at 
this dose.

Acute, 14-day, 3-month (10, 30 and 100 mg/kg) and 6-month (10, 30 and 100 mg/kg) 
toxicity studies were conducted in Cynomolgus monkeys using the IV route. 
Histopathological changes were seen in the gastrointestinal tract (minimal to mild 
lymphoid depletion in the Peyer's patches of the gastrointestinal tract in male animals at 
10, 30, and 100 mg/kg/day and increased epithelial regeneration in stomachs of male 
and female animals with lymphoplasmacytic gastritis at 10, 30, and 100 mg/kg). Minimal 
to mild lymphoid depletion in Peyer’s patches of males and an analogous decrease in 
leukocytes expressing the α4β7 integrin in crypt epithelium appeared to be due to the 
pharmacologic effect of MLN0002 (decreased trafficking of peripheral lymphocytes to 
the gut). The relation to the treatment is not clear in the absence of a dose response. 
MLN0002 treated monkeys had increased severity of regeneration of superficial 
mucosal epithelium in response to lymphoplasmacytic gastritis. Lymphoplasmacytic 
gastritis (lymphoplasmacytic infiltrates into the lamina propria of the stomach) is a 
common incidental finding in Cynomolgus monkeys and epithelial regeneration is an 
expected physiologic response to lymphoplasmacytic gastritis. The incidence of 
lymphoplasmacytic gastritis and epithelial regeneration was comparable in MLN0002 
treated and control monkeys in the 26-week study. However, the severity of the 
epithelial response to the inflammation was slightly increased in MLN0002 treated 
monkeys when compared to control monkeys. The toxicological significance of this 
increase in the regenerative response of the epithelium is not clear. Balantidium coli
(parasites) were observed in the cecum and colon from both control and vedolizumab 
treated monkeys. Balantidium coli are common commensal intestinal parasite of 
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macaques and are generally non-pathogenic. The presence of Balantidium coli
observed in the cecum and colon did not appear to be treatment related due to lack of a 
dose response, presence of this parasite in control animals and reported background 
incidences.
A 3-month IV toxicity study was conducted in New Zealand white rabbits at 30 and 100 
mg/kg doses. Histopathological changes were seen in the spleen (minimal to mild 
lymphoid hyperplasia in the periarteriolar lymphoid sheaths and was characterized by 
increased width of the sheath of lymphocytes surrounding the central arteries of the 
spleen) and ileum (hyperplasia of submucosal lymphoid nodules) of treated and control 
animals. However, the incidences and severity were not dose related and these 
changes were also seen in control animals and the relation to the treatment is uncertain.  
  
In a reproduction study in pregnant New Zealand white rabbits, vedolizumab 
administered on gestation day 7 at single IV doses up to 100 mg/kg (about 6.5 times the 
recommended human dose based on body surface area) revealed no evidence of 
impaired fertility or harm to the fetus. A pre and postnatal development study with 
vedolizumab in monkeys showed no evidence of any adverse effect on pre and 
postnatal development at IV doses up to 100 mg/kg (about 6.5 times the recommended 
human dose based on the body surface area).

Tissue cross-reactivity (TCR) studies were conducted using a panel of monkey and 
human tissues. Binding was restricted to leukocytes in lymphoid tissues, within the 
lumens of blood vessels, or as low-grade inflammatory infiltrates in various non-
lymphoid tissues (liver, kidney, prostate, thyroid, etc.). Vedolizumab staining pattern
observed in Cynomolgus monkey tissues appeared to be similar to that observed in the 
human tissues and results were stated to be consistent with the pattern of expression of 
α4β7 integrin. No unanticipated tissue cross-reactivity or off-target staining was 
observed in TCR studies.

MLN0002 administered via a single SC or IM injection to New Zealand White rabbits did 
not result in any significant irritation at the tested concentrations (30 and 60 mg/mL). 
The incidence and severity of the findings were similar between vehicle- and MLN0002-
injected sites. The changes observed at the vehicle and MLN0002 injection sites were 
attributed to the injection site trauma.

Immunotoxicity of natalizumab and vedolizumab were compared head-to head in
Cynomolgus monkeys. Test articles were administered by IV infusion once weekly for
three weeks at a dose of 30 mg/kg. Natalizumab caused a significant increase in 
leukocyte counts (WBCs, lymphocytes, monocytes, eosinophils, and basophils), B-
lymphocytes, total T-lymphocytes, T-helper lymphocytes, T cytotoxic lymphocytes,
memory T-cytotoxic, and memory T-helper cell populations at Days 8, 15, and 22. There 
were no vedolizumab-related changes in lymphocyte populations.

The recommended human dose for MLN0002 is 300 mg (5 mg/kg or 185 mg/m2) 
administered by IV infusion at zero, two and six weeks and every eight weeks 
thereafter. The NOAEL in monkeys (100 mg/kg) in the 6-month IV toxicity study was
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approximately 6.5 times the proposed human dose (185 mg/m2) based on body surface 
area. The exposure (AUC) at the NOAEL dose of 100 mg/kg in monkeys is 
approximately 18 times higher than the mean AUC at the recommended human dose of 
300 mg. MLN0002 did not cause any adverse effect on embryofetal development in 
rabbits or on pre- and postnatal development in monkeys. In conclusion, this 
submission contains adequate nonclinical studies, meets the guidelines and satisfies 
the criteria for marketing authorization of vedolizumab. From a nonclinical perspective, 
this application is recommended for approval for its proposed use as indicated in the 
label.

12 Appendix/Attachments

None
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Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. None 
 
 
 
Tamal K. Chakrabortit, Ph.D.      July 16, 2013 
Reviewing Pharmacologist      Date 
 
Sushanta K. Chakder, Ph.D.      July 16, 2013 
Supervisor        Date 
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