01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

PFIZER INC

MARAVIROC Tablets NDA 22-128

ANTIVIRAL DRUGS ADVISORY COMMITTEE (AVDAC)
BRIEFING DOCUMENT

April 24,2007

AVAILABLE FOR PUBLIC DISCLOSURE WITHOUT REDACTION

Page 1



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

TABLE OF CONTENTS
L SUMMARY .ottt sttt ettt ettt et e et et et e sae bt bt eneene e 14
2. INTRODUCTION ..ottt ettt sttt e s be st sbe b eeeene e 14
3. MICROBIOLOGY ..ottt sttt ettt st sttt ettt e s 17
3.1. MechaniSm Of ACHION .......oiuiiiieieiieieeeete ettt sttt st 17
3.2, Antiviral ACtIVItY TN VIITO ....c.eeiiiiiiiiiieieciee ettt et 17
4. NON-CLINICAL PHARMACOLOGY AND TOXICOLOGY .....covvevverienrieieeienieeienenns 19
4.1, INEOAUCTION ..ttt ettt ettt et st e b et saeenaes 19
4.2. Non-Clinical Pharmacology ..........ccceeriieiieniiiiieiiecieeie ettt 19
4.3, PharmacOKINETICS .......eeueruieriieieeiteettete ettt sttt et sbe e b et 21
A4, TOXICOLOZY . .uveeueientieeie ettt ettt ettt ettt e st e bt e s tte et e essaeenbeesaseenseessseenseessseenseennseenns 23
4.5. Specific Areas of Interest Arising from the Nonclinical Safety Program...................... 24
5. CLINICAL PHARMACOLOGY .couteiiiiriiiiteiieieieie ettt sttt sttt 28
5.1. Clinical Pharmacology Program OVEIVIEW ..........c.cccueeruierieeriienieeieeneeeiee e eiee e 29
5.2. Clinical PharmacoKINEtICS ........ccueeruieriiiiiieeiieiieeie ettt ettt 29
5.3. Effects of Age, Gender, Race and HIV-1 Status on Pharmacokinetics.......................... 32
5.4. Safety CONnSIACTATIONS .......c.eeiieiiierieeieeeiie et ettt e ete et e eteebeesabeebeessseeseesaseeseesnseennes 33
5.5. DIug INErACHIONS .....uvieiiieiiieiie ettt ettt ettt ettt taeete e st e esbeeseaeenbeenaaeennas 34
5.5.1. Maraviroc Effects on Other DIugs.........ccccveviieiiiniieiiieie e 34
5.5.2. Effects of Other Drugs on MaraviroC..........cccuieruieeiienieeiiieiieeieesiee e esieesseeseeesaneens 35
5.5.3. Summary of Drug INteractions..........cccueeruieeiierieeiiienie ettt eae e 38
5.6. Population Pharmacokinetics from the Phase 2b/3 Clinical Program........................... 38
5.7. Maraviroc Pharmacokinetics and Antiviral ACtIVILY........cccevviieriienieniieeiieeieeiee e 41
5.8. Clinical Pharmacology ConclUSIONS. .........ccveeuierieiiiieiieeiieriieeieeeee e 42
6. OVERVIEW OF MARAVIROC CLINICAL DEVELOPMENT PROGRAM.................. 42
6. 1. INErOAUCHION ...ttt ettt et sbe b e te bt eae s 42
6.2. Summary of Early Phase 2a Dose-Ranging Studies (A4001007 and A4001015) ......... 43
6.3. Dose Selection for Phase 2b/3 Clinical Studies ..........cccceeevievieiiiieniieienieeeeeieeeeee, 46
6.4. Phase 2b/3 Clinical Development Program..............cccoecveviiiniienieniiieieeieeeeeie e 47
6.4.1. Phase 2b/3 Clinical Program OVerVIEW ..........ccceevvieiiieniieriienieeiieneeeiee e eeee s 47
6.4.2. Selection of Patient Populations for Pivotal Treatment Experienced Studies .......... 49
6.4.3. StUAY DESIZN ...ttt ettt ettt ettt eabeesnaeenne e 52
6.4.4. Statistical ANalysis PLans ........cccccoeoiiiiiiiiiiiieic e 54
6.5. Additional Maraviroc Clinical Studies...........cccevviiiiiiriiiiiiiecieee e, 56
T EFFICAQCY ettt ettt ettt et e e b e b e et sa e st eneentene e 57



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

7.1. Efficacy Results from the Phase 3 Registrational Studies (A4001027 and

AGOOTO2B)...eeieeee ettt ettt ettt et a et e et e st e e eneenneenteeneennas 58
7.1.1. Study POPUIALIONS ..ccevviieiiiieeiiieeiieeeee ettt e et e e e e eereeeaaeeeeaee s 58
7.1.1.1. Patient Demographics and Baseline Characteristics..........ccceveveererieencreeeniveeenen. 58
7.1.1.2. Patient DISPOSTHION.....cc.uiieiiieeiiieeriieeeieeeeieeeeieeesteeesteeesseeessbeeessseeessseeessseeennnes 59
7.1.2. Primary Efficacy Endpoint..........cc.coooiiioiiiiiiiieiicceeeee et 60
7.1.3. Secondary Efficacy ENdpoints .........cccveeriiiiiiiieiiieeeeeeeee e 62
7.1.4. Combined Efficacy Analysis of Phase 3 Studies A4001027 and A4001028............ 63
7.1.4.1. Patient Demographics and Baseline Characteristics..........cccevvveeverieencreeencueennen. 63
7.1.4.2. Primary Endpoint ANalySIS.........cccuieeiieeeiiieeiee et eeiee et s eaaee e 65
7.1.4.3. Secondary Endpoint ANalysSiS.......ccceeecuieeriieeiiieeiiieciee et 65
7.1.4.4. Efficacy Results in Sub-Populations ...........ccccveeviiieniiieniieeciee e 70
7.2. Efficacy Results from Phase 2b Study in Patients Infected with Non-CCRS Tropic
HIV-1 (A400T029) ..ttt s 84
7.2.1. Study POPULAIONS .....eeeiiiiiiieiieeiieie ettt ettt ettt et e ssee e eaee e 85
7.2.2. Primary Efficacy Endpoint.........cccoceeeiieiiiiiieiieniieiece et 85
7.2.3. Secondary Efficacy ENdpOints ..........cccceeiciieriieiiiienieeiieiieeieesee e e 86
7.2.4. CONCIUSIONS ...ttt ettt ettt et st e bt et sbe e 87
7.3. Overall Efficacy ConCIUSIONS.......cccueiiiiiiiieiieeiieiie ettt 88
8. CHANGES IN VIRAL TROPISM AND CHARACTERIZATION OF MARAVIROC
RESISTANCE ...ttt ettt sttt et et esseensesneenseenes 89
8.1 INETOAUCTION ...ttt et et sat e e e st eebee e s 89
8.2. Strategy for Selecting Virus Resistant to Maraviroc and Monitoring Changes in
Viral Tropism IN VITEO ...oc.oviiriiiiiiienicicceteceee et 90
8.3. Strategy for Assessing the Selection of Virus Resistant to Maraviroc and
Monitoring Changes in Viral Tropism in the Clinical Program...............ccccccueee...e. 90
8.4. Changes in Viral Tropism Observed In VItro ........ccccoocvvieeiiiieeiiiecieceee e 91
8.5. Changes in Viral Tropism Observed in the Clinical Program.............cccccecvvevvieennnennee. 91
8.5, 1. INTOAUCTION ...t ettt et e st e s eaes 91
8.5.2. Assessment of Viral Tropism in Patients Infected with non-R5 tropic virus
(A400T029) ...ttt sttt 92

8.5.3. Assessment of Viral Tropism in Phase 3 Studies for Patients Infected with
CCRS5 Tropic Virus (Analysis of combined data from studies A4001027 and

ABOOTO28) ettt ettt ettt ettt ettt ettt eae st eneenes 94
8.5.3. 1. INtrOAUCLION. ..ottt sttt e 94
8.5.3.2. Changes in Tropism Assignment between screening and baseline ..................... 95
8.5.3.3. Changes in Tropism Result at Time of Treatment Failure .............cccooeeveeiienenn. 96
8.5.3.4. Change in CD4 at time of treatment failure by tropism result at failure.............. 96

Page 3



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

8.5.3.5. Origin of CXCR4-Using Virus Identified in Patients on Blinded Study Drug

in Phase 3 Studies (Combined Studies A4001027 and A4001028) ............... 98
8.6. Selection of Virus Resistant to Maraviroc In Vitro........ccoccoeoeeiiiiiiinieiiiiniciceeeeen 98
8.7. Selection of Viruses Resistant to Maraviroc in Patients Failing Blinded Therapy
(Combined Studies A4001027 and A4001028) .....ccceeveriirienienieiieniesieeieeeeniene 101
8.8, COMNCIUSIONS ...ttt ettt ettt sttt et sbe ettt sbeenbe et e sbeenbeenes 104
0. SAFETY ittt ettt h ettt sh et sh et st e b et 106
9.1. Overview of Maraviroc Safety Database .........ccccceevvieiiieiiiieniienieeieeee e 106
9.2. Safety Data from Early Phase 1/2a Clinical Studies ..........cccceverviinieneniienennienienenn 108
9.3. Overall Adverse Event Profile from Phase 2b/3 Clinical Studies............cccccveevurennnne. 109
9.4. Discontinuations due to Adverse EVENtS.........cccoocuierieiiiieiieniieieeieeeeeee e 113
9.5. Serious AdVerse EVENLS........cceoviiiiiriiiiiieiieie et 113
0.6. DICALNS ..ot bbbttt 115
9.7. Special Safety ConSIAErations ...........ccueeruieriiierieeieeriie et esie et esieeeteeeeesreeseeesbeesaeaees 120
9.7.1. Cardiovascular SAfety .........ccccuviiiiiiiieiiee et 120
0.7.2. HePatiC SATLY ....ccvieiieiieeitecie ettt ettt ettt ettt et e ab e e naeenneas 126
9.7.3. The Potential for IMmMUNOtOXICILY ......cveeruierieeiierieeiie ettt 137
9.8. Laboratory ABNOTMALITIES .......ccvieriiiiiieiie ettt ettt ettt e e ens 143
0.9. Safety CONCIUSIONS .....c..eeriiiiiieiieeiieiie ettt ettt ete et e siae et e st eebeesateenbeeseneenseesnneenne 146
9.10. Updated Safety Information from the 3-Month Safety Update............ccccevvenirennne. 146
10. CONCLUSIONS AND RECOMMENDATIONS .....ccoiiiiiiiiieeienieieeeseeeeee e 149
10.1. Dose Recommendations for Prescribing ...........ccceevveeviieniiiiiienieeiieniecieenee e 149
10.2. Overall Benefit-Risk of MaraviroC..........coocueecuieriieiiieiiieeieeiiecie et 153
11. PLANS FOR COMPLETING REQUIREMENTS FOR TRADITIONAL
APPROV AL ...ttt ettt et ettt s seesae et e eaeenteenaesneens 157
11.1. Risk Management PIAnS ...........cccoeouiieiiiiiiiiiieeiee et 157
11.2. Timelines for Completion of Studies for Traditional Approval...........c.cccccvveeuvennnen. 160
12. REFERENCES ...ttt ettt ettt e 160
APPENDIX 1 METHODS OF ANALYSIS ...ttt 164
Appendix 1.1 Viral TropiSm ASSESSIMENT .......ececuveeeriiieeiireeireeeieeeeieeesreeesseeeseneeennes 164
Appendix 1.2 Resistance Mutations and Virus Susceptibility Scores ..........c.ccccueeen.ee. 165
APPENDIX 2 EFFICACY ENDPOINT ANALYSIS BY GENOTYPIC (GSS)

AND PHENOTYPIC SUSCEPTIBILITY SCORE (PSS) AT BASELINE............... 167
APPENDIX 3 MARAVIROC PATIENT SAFETY REGISTRY ....ccoevvieiiiieiiennee, 170
TABLES

Table 1. Summary of the Effect of Maraviroc on Other Drugs...........cocceveevienienenienennne. 34
Table 2. Summary of the Effect of Other Drugs on Maraviroc............cocceevevveneeieneennenne 36

Page 4



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc

Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

Table 3.
Table 4.
Table 5.

Table 6.
Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

Table 17.

Table 18.

Table 19.

Table 20.

Table 21.

Maraviroc Phase 2b/3 Program OVeIrVIEW........c.cccverierienieeiienienienienieeieeee s 47
Baseline Viral Loads and CD4 Cell Counts for Some Antiretroviral Agents......49
Patient Demographics and Baseline Characteristics (Studies A4001027 and

AGOOTO2B) .ttt ettt ettt ettt e et e ettt e et e et et e e st e eaeenteeneenns 59
Patient Evaluation Groups - Studies A4001027 and A4001028 ..........cceeeuvennee. 60
Summary of Change from Baseline in HIV-1 RNA to Week 24 Studies

A4001027 and A400T028.....c..ooieiieiieieeeeteeee ettt 61

Summary of Change from Baseline in HIV-1 RNA to Week 24 — Sensitivity
Analysis (Treatment Failure Classification, No Change) (Studies A4001027 and
AGOOTO28) ettt ettt sttt 61

Summary of Change from Baseline in HIV-1 RNA to Week 24 — Sensitivity
Analysis for All Missing Data (Treatment Failure Classification, No Change)

(Combined Studies A4001027 and A4001028).....c..eeeereeeiiieeieeeeiee e 62
Overview of Patients with Viral Loads <400 and <50 copies/mL at Week 24
(Studies A4001027 and A4001028) .....c.eeeereririninieieeeeesereeeee e 63
Summary of Mean Changes from Baseline to Week 24 in CD4 Cell Count
(Studies A4001027 and A4001028) ....covvereeriiiiriereeieeeeneee e 63
Demographics and Baseline Characteristics of the Patients in the Combined
Analysis of Studies A4001027 and A4001028........oovevrieerieeeieeeee e 64

Percentage of Patients Receiving a Protease Inhibitor (PI) and/or Delavirdine or
Tipranavir/Ritonavir as Part of Their OBT (Combined Studies A4001027 and

AGOOTO28) .ttt ettt ettt ettt e ettt e b e et e st et e eneenns 64
Statistical Analysis of Change from Baseline to Week 24 in log;o HIV-1 RNA
(Combined Studies A4001027 and A4001028)......ccceevueriemerrenienieeienienieeieeen 65

Statistical Analysis of Proportion of Patients with HIV-1 RNA Level <50
copies/mL at Week 24 (Logistic Regression) (Combined Studies A4001027 and
AGOOTO28) ettt ettt st 66

Statistical Analysis of Proportion of Patients with HIV-1 RNA Level <400
copies/mL at Week 24 (Logistic Regression) (Combined Studies A4001027 and
AGOOTOZ28) .ttt sttt sttt et sb et st naeens 67

Statistical Analysis of Proportion of Patients with at Least a 1.0 log;o Reduction
in HIV-1 RNA from baseline or <400 copies/mL at Week 24 (Logistic
Regression) (Combined Studies A4001027 and A4001028)......ccceeveveerveeieennnns 68

Statistical Analysis of Proportion of Patients with at Least a 0.5 log;o Reduction
in HIV-1 RNA or <400 copies/mL at Week 24 (Logistic Regression) (Combined

Studies A4001027 and A4001028)......c..ccuevuiriririiiiiiieieeseseee e 69
Statistical Analysis for Time Averaged Difference (TAD) from Baseline to Week
24 in log;o HIV-1 RNA (Combined Studies A4001027 and A4001028)............. 69
Statistical Analysis for Change in CD4 Cell Count from Baseline to Week 24

(Combined Studies A4001027 and A4001028)......ccceevuerrinirrenieneeeniereeieenen 70
Statistical Analysis for Change in CD8 Cell Count from Baseline to Week 24

(Combined Studies A4001027 and A4001028)....cc.ceeevreeeriieeiieeiee e 70

Page 5



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc

Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

Table 22.

Table 23.

Table 24.

Table 25.

Table 26.

Table 27.

Table 28.

Table 29.

Table 30.

Table 31.

Table 32.

Table 33.

Table 34.

Table 35.

Table 36.

Table 37.

Table 38.

Table 39.

Table 40.
Table 41.

Summary of selected virologic endpoints by HIV-1 RNA Level at Screening

(Combined Studies A4001027 and A4001028)....cc.eeeeereeeriieeiieeiee e 71
Percentage of Patients with an HIV-1 RNA <50 copies/mL at Week 24
(Combined Studies A4001027 and A4001028)....cc.ceeecreeecrieeiiieeeiee e 72
Percentage of Patients with an HIV-1 RNA <400 copies/mL at Week 24
(Combined Studies A4001027 and A4001028)....cc.eeeevreeeriieeiieeiee e 72
Summary of Change in CD4 Cell Count from Baseline to Week 24 by HIV-1
RNA at Screening (Combined Studies A4001027 and A4001028) .........cceeueeee. 73
Summary of Change from Baseline to Week 24 in HIV-1 RNA Split by CD4

Cell Count at Baseline (Combined Studies A4001027 and A4001028)............... 74
Percentage of Patients with HIV-1 RNA <50 copies/mL at Week 24 by CD4 Cell
Count at Baseline (Combined Studies A4001027 and A4001028) .........ccuveeen..... 74
Percentage of Patients with HIV-1 RNA <400 copies/mL at Week 24 by CD4
Cell Count at Baseline (Combined Studies A4001027 and A4001028)............... 75
Summary of Change in CD4 Cell Count from Baseline to Week 24 by CD4 Cell
Count at Baseline (Combined Studies A4001027 and A4001028) .........ccuveeen..... 76

Summary of Genotypic (GSS), Phenotypic (PSS) and Overall Susceptibility
Scores (OSS) at Screening (Combined Studies A4001027 and A4001028)........ 77

Summary of Change in HIV-1 RNA from Baseline to Week 24 Split by OSS at

Baseline (Combined Studies A4001027 and A4001028).......ccovveveeieeecreeenreenne 77
Percentage of Patients with an HIV-1 RNA <50 copies/mL at Week 24 by OSS
(Combined Studies A4001027 and A4001028)....cc.ceeeereeeriieeiieeiee e 78
Percentage of Patients with an HIV-1 RNA <400 copies/mL at Week 24 by OSS
(Combined Studies A4001027 and A4001028)......ccceevuerieneriienieneeienreneeieeen 78
Summary of Change from Baseline to Week 24 in HIV-1 RNA Split by
Enfuvirtide use in OBT (Combined Studies A4001027 and A4001028)............. 79
Percentage of Patients with an HIV-1 RNA <50 copies/mL at Week 24 by
Enfuvirtide Use in OBT (Combined Studies A4001027 and A4001028)............ 80
Percentage of Patients with an HIV-1 RNA <400 copies/mL at Week 24 by
Enfuvirtide Use in OBT (Combined Studies A4001027 and A4001028)............ 80

Summary of Change from Baseline in HIV-1 RNA at Week 24 by Enfuvirtide
Use in OBT, History of Enfuvirtide Use or Resistance to Enfuvirtide at Screening
(Studies A4001027 and A4001028) .....c.eeeerieriririinieieeeeeereeeee e 81

Summary of Change in HIV-1 RNA from Baseline to Week 24 Split by Protease
Inhibitor, Tipranavir and Delavirdine use in OBT (Combined Studies A4001027

ANd A400T028) ..ottt 82
Summary of Change from Baseline to Week 24 in HIV-1 RNA for White and
Black Patients (Combined Studies A4001027 and A4001028)........ccceeveereennnnnne 83
Patient Demographics and Evaluation Groups for Study A4001029.................... 85
Summary of Mean Change from Baseline to Week 24 in HIV-1 RNA (Study
AQ00T029) . e 86



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc

Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

Table 42.

Table 43.

Table 44.

Table 45.

Table 46.

Table 47.

Table 48.

Table 49.

Table 50.

Table 51.

Table 52.

Table 53.

Table 54.

Table 55.

Table 56.

Table 57

Table 59.

Overview of Patients” with an Undetectable Viral Load at Week 24 (Study

AQOOT029) ...ttt ettt ettt et r et ns 86
Statistical Analysis of Change from Baseline to Week 24 in CD4 and CDS8 Cell
Count” (Study A4001029) ......oeireiiiieiiieieieeeeeeee et 87
Tropism Status at Failure for Patients with Dual/Mixed Status at Screening who
Discontinued due to Treatment Failure (A4001029)........cccvveviiieeiieeniieeiee e, 93
Mean Change (Range) in CD4 Cell Count (cells/puL) from Baseline to Week 24
(AG00T029) ettt sttt sttt eaeen 93

Change In CD4 Cell Count for Patients whose Virus was Classified as
Dual/Mixed at Screening and who Discontinue due to Treatment Failure by

Tropism Result at Time of Failure (A4001029) .......cccoeviieiiiniieiieeiieieeieees 94
Summary of Change from Baseline in HIV-1 RNA at Week 24 by Tropism
Status at Baseline (Combined Studies A4001027 and A4001028) .........ccccuu..... 95

Percentage of Patients with a Change in Tropism Result from R5 to X4 or D/M
Tropic Between Baseline and Time of Treatment Failure (Combined Studies

A4001027 and A400T028) ....eeceeeeieieeieie ettt 96
Change in Tropism Result Between Baseline and Time of Treatment Failure
(Combined Studies A4001027 and A4001028)......ccceevuerieriinenienieienieneeieenen 96

Summary of Change from Baseline in CD4 Cell Count at Week 24 (Using
LOCF) by Tropism Status at Baseline and Failure (Combined Studies A4001027
AN AG00T028) ..ottt 97

Summary of Maraviroc IC50 FC and Maximum Percentage Inhibition (MPI) for
CCRS5-Tropic Virus from Patients Failing Blinded Therapy in Studies A4001027

and A400T028........ooiieiiieeee et 102
Maraviroc susceptibility of SDM Env clones from patients failing maraviroc with
CCRS5 tropic virus (Combined Studies A4001027 and A4001028). .................. 103
Exposure to Maraviroc during the Phase 2b/3 Studies in Treatment-Experienced

Patients (Studies A4001027, A4001028 and A4001029).......ccceevvevvreniencrnuennnn. 107
All-Causality Adverse Events Reported in >22% of Patients in the Phase 3 Studies
A4001027 and A400T028.....c..eoieiieieeieeiereee et 110

Adverse Events Reported in Either Maraviroc Treatment Group at >2% at a Rate
Exceeding that in the Placebo Treatment Group by 3% or 3-Fold, Adjusted for

Exposure Per 100 Patient Years (Studies A4001027 And A4001028) .............. 112
Treatment-Related Serious Adverse Events Reported During Phase 3 Studies
A4001027 and A400T028.......oceeeeieeieeeee ettt 114
Deaths Occurring Post-Randomisation in the Maraviroc Phase 2b/3 Clinical
PrOGIam......cooiiiiiiiie et et 116
Table 58.Summary of All Deaths, As Treated, Occurring in the Phase 2b/3 Treatment
Experienced Studies (A4001027, A4001028 and A4001029) .......ccceveevvennenen. 117
Summary of Deaths, As Randomised, Occurring in the Phase 2b/3 Treatment
Experienced Studies (A4001027, A4001028 and A4001029) .......cccevevevvenennen. 117

Page 7



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

Table 60. Causality of Deaths for Patients During the Pre-Randomisation Period® (Studies

A4001027, A4001028 and A4001029).....ccceeieeriieieiieieeieeieee e 118
Table 61. Summary of Deaths for the Pre-Randomisation Period and Deaths Occurring on
Treatment (Studies A4001027, A4001028 and A4001029)......ccccecuvvverereennnen. 118
Table 62. Summary of Incidence of Deaths and Mortality Rates Occurring in the Maraviroc
Phase 2b/3 Studies (A4001027, A4001028 and A4001029)......ccccecevvvereeenennen. 119
Table 63. Summary of Incidence of Deaths and Mortality Rates Occurring in the Maraviroc
Phase 3 Studies (A4001027 and A4001028) .....c.coovevierieneniinieieeieneereeeen 120
Table 64. Number (%) of Patients with Postural Hypotension® in Phase 2b/3 Studies
A4001027, A4001028 and A4001029......cccoevieiieieiieieeeeeee e 122

Table 65. Number (%) of Patients with AEs possibly related to Postural Hypotension in
Studies A4001027 and A4001028, by Presence of Saquinavir/Ritonavir in OBT122

Table 66. Summary of Statistical Analysis of QTc Endpoints (Study A4001016)............ 124
Table 67. Grade 3 and 4 Hepatic Adverse Events in Phase 3 A4001027 and A4001028..128
Table 68. Hepatobiliary System Serious Adverse Events Related to Study Drug in Studies

A4001027, A4001028 and A4001029.......coevieiiieieiieieeeeeee e 129
Table 69. Frequency of Grade 3/4 LFTs in Studies A4001027 and A4001028................. 133
Table 70. Shift Table for Liver Function Test Maximum ALT Value on Treatment versus
Baseline, Studies A4001027 and A4001028 ........ccoooiiriiiiniinieeeieneereeeen 134
Table 71. Cases with Episode of >3x ULN Transaminases and >3 mg/dL Total Bilirubin in
Studies A4001027 and A400T028 .......ccuieieiieieieeeee e 135
Table 72. Percentage of Co-infected Patients with a Grade 3 or 4 abnormality regardless of
baseline in Studies A4001027, A4001028 and A4001029.........cccevvevierveennenne. 135
Table 73. Summary of Change from Baseline for Hepatitis C Viral Load (IU/mL) by Visit
(Studies A4001027 and A4001028) ....eevueeeeeieriieieeierteeie ettt 136

Table 74. Death Resulting from Infections in Phase 3 Studies A4001027 and A4001028137
Table 75. Incidence of Category C AIDS-defining Infections in Studies A4001027 and

AGOOTO2E ..ottt et 138
Table 76. Incidence of Malignancies by Baseline CD4 Cell Count, Studies A4001027 and

AQOOTO2B ...ttt ettt ettt e esaeebeenteeneenteeneeeneeneas 140
Table 77 Cases of Lymphoma Reported During the Maraviroc Clinical Program ........... 142

Table 78. Deaths in the Maraviroc Clinical Program Occurring Since the NDA Submission147
Table 79. Lymphomas Reported in the Maraviroc Clinical Program Since the NDA

SUDMISSION. ...ttt ettt ettt et et 148
Table 80. Dosing Recommendations for Use of Maraviroc in Clinical Practice ............... 153
Table 81. Baseline Viral Loads and CD4 Cell Counts for Studies of Antiretroviral Agents

and Response to Treatment at 24 WeeKs........ccocvveeciiieiiieeccieecieeiee e 156
Table 82. Summary of the Maraviroc Risk Management Plan..............ccccoeevveeviiiiniennnnen. 159
Table 83. Validation of the PhenoSense™ HIV Entry Tropism Assay (Monogram

BIOSCICIICES) . eiiee ettt ettt ettt e et e e et e e e tae e e aaeeeabaeesasaeeeasaeeenseeenns 165



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

Table 84. Genotypic (GSS), Phenotypic (PSS) and Overall Susceptibility Score (OSS)

CalCUIALIONS ...ttt e 166
Table 85. Summary of Change in HIV-1 RNA from Baseline to Week 24 Split by GSS at
Baseline (Combined Studies A4001027 and A4001028).......ccceevvevvenvencnneenen. 167
Table 86. Percentage of Patients with an HIV-1 RNA <50 copies/mL at Week 24 by GSS
(Combined Studies A4001027 and A4001028)......ccceeruieireienieieeieeeeieeie s 167
Table 87. Percentage of Patients with an HIV-1 RNA <400 copies/mL at Week 24 by GSS
(Combined Studies A4001027 and A4001028).....c.eeeeereeeciieeieeeeiee e 168
Table 88. Summary of Change in HIV-1 RNA from Baseline to Week 24 Split by PSS at
Baseline (Combined Studies A4001027 and A4001028).......cccveevvieerveeenreennns 169
Table 89. Percentage of Patients with an HIV-1 RNA <50 copies/mL at Week 24 by PSS
(Combined Studies A4001027 and A4001028).....c.ceeeereeeciieeeiieeeieeeeiee e 169
Table 90. Percentage of Patients with an HIV-1 RNA <400 copies/mL at Week 24 by PSS
(Combined Studies A4001027 and A4001028)......ccceervieieeeeneeieeieeeeeeie e 169
FIGURES
Figure 1. A model for HIV-1 entry ......coooiiiiiiiieeee et 15
Figure 2. Mean Dose-Normalized Maraviroc Plasma Concentration versus Time Profiles
(AGOO0TO0T) ettt ettt ettt be et st sbe e eaeen 30
Figure 3. Routes of Excretion of Maraviroc (300 mMg)........ccceevvieriieeieenienieeieeeie e 32

Figure 4. Maraviroc Concentration versus Time After Dose: 150 mg QD and BID Dose
from Combined Phase 2b/3 Overlaid with all 300 mg Phase 1/2a Maraviroc

Concentrations (lines=lowess SMOOth) ...........ccccuveriiiieiiiiieiiie e 40
Figure 5. Change from Baseline in HIV-1 RNA (log; copies/mL) (Combined Studies
A4001007 and A400T0TS) .eueeieieieeeiee et 44
Figure 6. Derivation of Efficacy Population for Studies A4001027.........cccveeevveerireeennenns 50
Figure 7. Derivation of Efficacy Population for Studies A4001028...........cceevevieerrieennennns 51
Figure 8. Derivation of Efficacy Population for Study A4001029 ..........ccccvveeevieriiieenens 51
Figure 9. Outline of Study Design for Maraviroc Phase 2b/3 Clinical Studies................... 52
Figure 10.Kaplan Meier Plot of Time to Discontinuation (Combined Studies A4001027 and
AGOOTO28) ettt sttt et 60
Figure 11.Percentage of Subjects with HIV-1 RNA Level <50 copies/mL by Visit
(Combined Studies A4001027 and A4001028)....cc.eeeevreeeriieeiieeiee e 66
Figure 12.Percentage of Subjects with HIV-1 RNA Level <400 copies/mL by Visit
(Combined Studies A4001027 and A4001028)......cceevueriemerrienienieeienieneeieeen 67

Figure 13. Analysis of Average Concentration of Maraviroc in Black and White Patients by
Dose Regimen (Combined Studies A4001027, A4001028 and A4001029)........ 84

Figure 14.Relationship Between Viral Composition of Pure/Mixed Virus Populations......92

Figure 15. Susceptibility of Env Pseudotyped Viruses Derived from CC1/85 to Maraviroc
(panel A) and Enfuvirtide (panel B) in the PhenoSense HIV Entry Assay
(UB7CD4+ Cells Expressing CCRS). ....vieiiiieeiiiecieeecee et 99

Page 9



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc
Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

Figure 16.Model of maraviroc resistance through recognition by the virus of compound-
OCCUPICA TECEPLOTS .uvvieeuiiieeiieeeiieeeireeetteeeteeesaeeessreeessseeesseesssaeessseesseeessseenns 100

Figure 17.0bserved Occurrence of Postural Hypotension by Unit Dose of Maraviroc in
Phase 1/28 STUAIES ......cooveeiirieiieieeieece ettt 121

Figure 18.Median (95% CI) Prediction of Likelihood of Failure (>50 copies/mL) at Week
24 as a Function of the Maraviroc Minimum Concentration ...........ccccceuuueenn..... 152

Figure 19.Schematic Diagram Showing the Principle of the Assay used to Determine Viral
TTOPISINL .ttt ettt ettt et e s e et estb e e bt e ssaeesseesabeesbeassseenseesnseenseannnas 164

Page 10



01000006485626\1.0\ Approved\26-Mar-2007 12:34

Pfizer Inc

Maraviroc Tablets NDA 22-128

Antiviral Drugs Advisory Committee Briefing Document, April 24, 2007

LIST OF ABBREVIATIONS AND DEFINITIONS OF TERMS

ACTG

AIDS
AFSSAPS
ALT
ANCOVA
ARV

AST

AUC

AUS

BID

CCR5
CCR5A32
CCRS5-Tropic Viruses
CD

CDER

CFR

CHMP

CI

Cmax

Cmin

CNS

CTD

CXCR4
CXCR4-Tropic Viruses
CXCR4-Using
CYP3A4

D/M
D/M-Tropic

DSMB
Dual-Tropic Viruses
EAP
ECG
EFV
EU
FAS
FDA
GALT
GAM
GGT
gp4l
gpl20
GSK
GSS
HAART
HBV
HCV
HDL
hERG
HIV-1

AIDS Clinical Trials Group
Acquired immune deficiency syndrome

Agence Francaise de Securite Sanitaire des Produits de Sante, the French regulatory agency

Alanine aminotransferase

Analysis of co-variance

Antiretroviral therapy

Aspartate aminotransferase

Area under the plasma concentration-time curve
Australia

Twice daily treatment regimen

CC Chemokine Receptor 5

CCRS5 gene with 32 base pair deletion

Viruses may use CCRS as their entry co-receptor
Cluster of differentiation

Center for Drug Evaluation and Research

Code of Federal Regulation

Committee for Medicinal Products for Human Use
Confidence interval

Maximum plasma concentration

Minimum plasma concentration

Central nervous system

Common Technical Document

CX Chemokine Receptor 4

Viruses may use CXCR4 as their entry co-receptor
Collective term for X4-tropic and D/M-tropic samples
Cytochrome P450 Enzyme 3A4

Dual/mixed tropic virus

Samples in which both CCR5-tropic and CXCR4-tropic virus is detected in the Trofile™
assay.

Data safety monitoring board

Viruses may use either CCR5 or CXCR4 as their entry co-receptor
Expanded access program

Electrocardiogram

Efavirenz

Europe

Full analysis set

United States Food and Drug Administration
Gut-associated lymphoid tissue

Generalized additive model

Gamma glutamyltransferase

Glycoprotein 41

Glycoprotein 120

Glaxo SmithKline

Genotypic susceptibility score

Highly active antiretroviral therapy

Hepeatitis B virus

Hepeatitis C virus

High density lipoprotein cholesterol

Human ether a-go-go-related gene

Human immunodeficiency virus subtype 1
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1C50
1C90
ICH

Ikr
ISOD
KLH
I<m

LA
LDL
LFT
LOCF
LOQ
MedDRA
MIP
MNU
MPA
MR
MVC
NA
NDA
NK
NNRTI
NOAEL
NRTI
OBT
0SS
PBL
P-gp
PHA

PI

PID
PSGT

PSS

QD

QT

QTc
R5-Tropic
RANTES
RNA
RSA
RT-PCR
SDM
TAD

TdP

TID

Tg

TSH
UDPGT
ULN
USPI

WT
X4-Tropic

The molar concentration at which in vitro viral replication was inhibited by 50%
The molar concentration at which in vitro viral replication was inhibited by 90%
International Conference on Harmonization of Technical Requirements for Registration of
Pharmaceuticals for Human Use

hERG current

In-Study-Off-Drug

Keyhole limpet hemocyanin

Michaelis-Menten constant: the concentration of substrate that permits half maximal rate of
reaction

Latin America

Low density lipoprotein cholesterol

Liver function test

Last observation carried forward

Limit of quantification

Medical Dictionary for Regulatory Activity

Macrophage inflammatory protein

N-methyl-N-nitrosourea

Medical Products Agency, the Swedish regulatory agency

Mortality Ratio

Maraviroc

North America

New Drug Application (United States)

Natural killer cell

Non-nucleoside reverse transcriptase inhibitor

No observed adverse effect level

Nucleoside/nucleotide reverse transcriptase inhibitor

Optimised background therapy

Overall susceptibility score

Peripheral blood leucocytes

P-glycoprotein

Phytohaemaglutinin

Protease inhibitor

Patient identification number

Phenosense™GT assay for determination of virus susceptibility to antiretroviral agents (PIs,
NRTIs and NNRTIs)

Phenotypic susceptibility score

Once daily treatment regimen

Time from beginning of the QRS complex to the end of the T wave in the electrocardiogram
QT interval, corrected for heart rate

Samples in which only CCRS5-tropic virus is detected in the Trofile™ assay
Regulated on activation of normal T cell expressed and secreted

Ribonucleic acid

South Africa

Reverse transcriptase polymerase chain reaction

Site directed mutagenesis

Time averaged difference

Torsade de pointes

Three times a day treatment regimen

Transgenic

Thyroid stimulating hormone

Uridine 5-diphosphate glucuronyl transferase

Upper limit of normal

United States Package Insert

Wild type

samples in which only CXCR4-tropic virus is detected in the Trofile™ assay
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EXPLANATION OF TERMS USED TO DESCRIBE TROPISM IN THIS
DOCUMENT

Viruses may use CCRS5 as their entry co-receptor (‘CCRS-tropic’ viruses), CXCR4 as their
entry co-receptor (‘CXCR4-tropic’ viruses) or either CCR5 or CXCR4 (‘dual-tropic’
viruses). A patient may harbor a mixture of viruses with different co-receptor usage. Viral
tropism was determined throughout the maraviroc program using a phenotypic assay.
Samples in which only CCR5-tropic virus is detected in the assay are classified as ‘RS-
tropic’; samples in which only CXCR4-tropic virus is detected are classified as ‘X4-tropic’
and samples in which both CCR5-tropic and CXCR4-tropic virus is detected are classified as
‘D/M-tropic’. In most cases, the detection of CXCR4-tropic virus in a pure or mixed
population is considered collectively (i.e. X4-tropic and D/M-tropic samples are collectively
referred to as “CXCR4-using”), in light of the fact that both contain viruses which are not
inhibited by maraviroc.
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1. SUMMARY

There is a clear unmet medical need for antiretroviral agents with novel mechanisms of
action to treat patients infected with HIV-1 who have few or no remaining treatment options
available to them due to infection with viruses resistant to current antiretroviral drug classes.

Maraviroc (formerly known as UK-427,857) is potentially the first agent of a new
pharmacological class of antiretroviral agents known as CCRS antagonists acting on a human
cellular target to prevent infection of the cell by HIV-1. Maraviroc has demonstrated activity
in vitro against a wide range of CCRS5 tropic clinical isolates, including Clade B and
non-Clade B strains of HIV-1, as well as those resistant to any of the four existing drug
classes of antiretroviral medicinal products. The two Phase 3 studies, A4001027 and
A4001028, have demonstrated that a 300 mg dose equivalent of maraviroc, given once or
twice daily, when dosed in combination with optimised background therapy (OBT) in
treatment-experienced patients infected with CCRS tropic HIV-1, leads to a greater and
clinically relevant decline in viral load than OBT alone (placebo), with a mean reduction in
HIV-1 RNA from baseline to Week 24 of at least 1.8 log;o copies/mL compared to
approximately 1.0 log;o copies/mL with OBT alone. This translated to approximately 2x
patients receiving maraviroc achieving a viral load less than 50 copies/mL than placebo
treated patients. These studies also demonstrated an acceptable safety and tolerability profile
with no significant effect on QTc interval nor an increase in the incidence of hepatoxicity,
infections or malignancies, relative to placebo.

This briefing document provides a summary of the development of maraviroc, including
pre-clinical data, as well as a discussion of the clinical data from the maraviroc development
program, which supports the conclusions that maraviroc:

e [s safe and effective when administered in combination with other antiretroviral
agents;

e Offers a positive risk-benefit to treatment-experienced patients infected with CCRS
tropic HIV-1 and having very few or no remaining treatment options available;

e Does not appear to result in harm when administered to patients infected with
dual/mixed tropic HIV-1.

2. INTRODUCTION

The first step in the process of HIV-1 entry into the host cell is the specific binding of viral
gp120 to CD4, the primary receptor for HIV-1. However, the binding of gp120 to CD4 alone
is not sufficient for HIV-1 entry (Maddon PJ, 1986). The observation that human
chemokines are capable of inhibiting HIV-1 infection of T-lymphocytes (Cocchi F, 1995),
and the identification of polymorphisms in the CCRS5 gene that protect some highly exposed
individuals from being infected with HIV-1 (Liu R, 1996), led to the discovery that a human
chemokine receptor is an essential co-receptor for HIV-1 infection (Feng Y, 1996). The
binding of gp120 to CD4 causes a conformational change in gp120 that exposes the bridging
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sheet and forms a co-receptor binding site (Kwong PD, 1998, Rizzuto CD, 1998, Wyatt R,
1998). Once this has occurred, co-receptor binding triggers conformational changes in gp41,
which drives the remaining steps in fusion and entry of the viral core (reviewed by (Chan
DC, 1998)). The chemokine receptors most commonly utilized by HIV-1 in vivo are

CC chemokine receptor 5 (CCRS5) and/or CX chemokine receptor 4 (CXCR4) (Choe H,
1996, Deng H, 1996, Dragic T, 1996, Feng Y, 1996). A schematic model of the HIV-1 entry
process is shown in Figure 1. The ability of gp120 to bind to either one or both receptors
defines the tropism of the virus. HIV-1 strains are therefore categorized as RS
(CCR5-tropic), X4 (CXCR4-tropic) or R5X4 (strains using both CCRS5 and CXCR4; also
referred to as ‘dual-tropic’) (Berger EA, 1998). Patient serum samples may also contain a
heterogeneous population of viruses with different tropism termed ‘mixed tropism’. CCRS
antagonists only inhibit strains which are obligate users of CCRS5, while CXCR4 and dual
tropic strains (‘CXCR4-using’) can infect cells in the presence or absence of a CCR5-specific
antagonist.

Figure 1. A model for HIV-1 entry

A B

Co-receptar

{CCRS or CXCR4)

\\

Figure legend. A model for HIV-1 entry. HIV-1 gp120 binds to CD4 (A). This induces conformational
changes in gp120 and exposure of the co-receptor binding site (B), which is a complex domain that includes the
V3 loop and is collectively termed the ‘bridging sheet’. Exposure of the co-receptor binding site permits
binding of gp120 to the co-receptor (C). Co-receptor antagonists inhibit this step by binding the co-receptor and
changing its shape such that gp120 cannot recognize it. Co-receptor binding induces conformational changes in
gp41 and insertion of a ‘fusion peptide’ into the host cell membrane (D), ultimately resulting in fusion of viral
and cell membranes. Multiple gp120-co-receptor interactions are required to form a fusion pore through which
the viral core can pass and infect the cell.
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Generally, RS strains (rather than X4 strains) are transmitted and establish new infections in
a host (Schuitemaker H, 1991, Shankarappa R, 1999, Zhu T, 1993). In some individuals,
CXCR4-tropism evolves over time and the emergence of X4 virus has been associated with
rapid CD4 T-lymphocyte decline and accelerated disease progression. Although increasing
prevalence of X4 virus and decreasing prevalence of RS virus have been associated with
increasing viral load and decreasing CD4 cell counts (Brumme ZL, 2005, Moyle GJ, 2005),
the emergence of CXCR4-using virus is not a prerequisite for the development of AIDS.
Throughout infection, the detection of RS virus only is most common; dual/mixed-tropic
virus is more likely to be detected in advanced patients than early asymptomatic patients, and
the detection of X4 virus only is rare (Moyle GJ, 2005, Whitcomb JM, 2003). Whether
emergence of CXCR4-using strains is a marker for disease progression rather than the cause
is not known (Moore JP, 2004).

Support for CCRS as a therapeutic target in the treatment of HIV-1 came from studies
demonstrating that subjects with a homozygous 32 base-pair deletion in the CCRS gene
(CCR5A32), resulting in a non-functional CCRS receptor protein, appeared to be resistant to
developing HIV-1 infection and patients with a heterozygous CCR5A32 deletion
demonstrated some resistance to infection and had slower progression to AIDS following
infection with HIV-1 compared to patients with a wild type genotype (de Roda Husman AM,
1998, Marmor M, 2001).

Maraviroc is a selective and slowly reversible CCRS antagonist that has shown potent
antiviral activity in vitro against a wide range of clinical isolates, including Clade B and
non-Clade B strains, as well as those strains resistant to any or several of the four existing
drug classes. The dose limiting adverse event in Phase 1 studies was postural hypotension,
observed at a greater incidence than placebo at unit doses >300 mg. Maraviroc also
demonstrated potent antiretroviral activity when given as monotherapy to patients infected
with CCR5-tropic HIV-1 with no significant adverse effects compared with placebo. Total
daily doses ranging from 200 mg to 600 mg per day, given for 10 days, resulted in a mean
maximum reduction in HIV-1 RNA of 1.60-1.84 logio copies/mL. Based on these studies, a
Phase 2b/3 clinical program was designed to explore the safety and efficacy of two maraviroc
doses (300 mg dose equivalent once and twice daily) in antiretroviral treatment-naive and
treatment-experienced patients infected with CCRS tropic HIV-1 and treatment-experienced
patients infected with non-CCRS5 tropic (dual/mixed-tropic, CXCR4-tropic or
non-phenotypable) HIV-1.

The indication sought by the Sponsor in the NDA 22-218 submission is for maraviroc to be
administered in combination with other antiretroviral agents for the treatment of treatment-
experienced adult patients infected with CCRS tropic HIV-1 only. This indication is based
on analyses of safety and efficacy data from two independent double-blind, placebo-
controlled Phase 3 studies in treatment-experienced patients infected with CCRS tropic
HIV-1 only conducted in accordance with the recommendations for development of
antiretroviral agents in the US and EU (FDA Guidance for Industry Antiretroviral Drugs
using Plasma HIV RNA Measurements — Clinical Considerations for Accelerated and
Traditional Approval, October 2002 and CHMP Guideline on the Clinical Development of
Medicinal Products for the Treatment of HIV Infection, November 2005). Supportive safety
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data from a smaller Study A4001029, designed to address the safety of maraviroc in
treatment-experienced patients infected with non-CCRS tropic (dual/mixed tropic,
CXCR4-tropic or non-phenotypable) HIV-1, are presented in this submission.

3. MICROBIOLOGY

Maraviroc has been developed as an HIV-1 entry inhibitor for chronic oral administration to
prevent the development and progression of AIDS in individuals infected with HIV-1.
Targeting a human cellular receptor in order to prevent viral entry is a new approach to
HIV-1 therapy.

A number of primary pharmacodynamic studies were conducted to investigate the antiviral
mode of action of maraviroc. The objectives of these in vitro studies were to characterize the
binding of maraviroc to CCRS5 and the consequent inhibition of virus entry. Cell based
assays of acute viral infection were used to project an efficacious dose in order to guide
subsequent non-clinical and clinical testing. The ability of maraviroc to inhibit viruses of
wide geographical origin, diverse clade and with reduced susceptibility to existing drug
classes was also investigated.

3.1. Mechanism of Action

This new chemical entity acts by selectively binding to the human chemokine receptor CCRS
and inhibiting the interaction of the envelope glycoprotein (gp120) from CCR5-tropic HIV-1
strains with CCRS5. Binding of gp120 to CCRS is an essential step in the HIV-1 entry
process for CCR5-tropic strains.

Maraviroc binds to human CCRS5 with a Kp of 0.86 nM and at room temperature has a
dissociation half-life of approximately 16 hours. Site directed mutagenesis and computer
modeling studies locate the likely binding site of maraviroc to a pocket within the
transmembrane region of CCRS. As a consequence of this binding, maraviroc is thought to
alter the three dimensional structure of CCRS such that the viral envelope glycoprotein,
gp120, is unable to recognize and bind to the co-receptor. Consistent with this, maraviroc
blocks the soluble form of gp120 binding to CCRS5 with an IC50 of 11 nM and inhibits
gp120/CCRS5-mediated membrane fusion with an 1C50 of 0.22 nM.

3.2. Antiviral Activity In Vitro

Maraviroc selectively inhibits CCR5-tropic HIV-1 replication in vitro. The compound is
active in antiviral assays using immortalized cell lines, peripheral blood lymphocytes (PBL)
and monocyte-derived macrophages. Maraviroc also inhibits the infection by HIV-1
envelope pseudotyped viruses of a recombinant cell line transformed to express high levels
of CCRS5 and CD4. Maraviroc inhibits viral replication in vitro in a non-competitive manner
with respect to virus input. This is consistent with the compound binding to a human drug
target (CCRYS) rather than a viral target. The antiviral activity of maraviroc occurs in the
absence of any compound cytotoxicity in all these assay systems.
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Maraviroc inhibited replication of 43 CCRS5-tropic primary isolates in human peripheral
blood lymphocytes with a geometric mean IC90 of 2.03 nM (1.04 ng/mL, N = 190, 4 replicate
assays per isolate). This panel of isolates represented a wide geographical origin and
diversity of viral clades. Peripheral blood lymphocytes contain primary CD4+ T-cells, which
represent the major cellular reservoir for HIV-1 replication in vivo. The IC90 value obtained
in these studies is therefore taken as the primary pharmacological value representing the
antiviral activity of maraviroc. As the unbound concentration of maraviroc in these assays
was determined to be 54.8%, the unbound in vitro antiviral IC90 for maraviroc is estimated to
be approximately 1.0 nM (0.5 ng/mL).

The primary pharmacological value was used to plan and assess pre-clinical and clinical
studies with the aim of targeting concentrations/doses where the free Cmin exceeded this
value. The rationale for selecting IC90 to derive this value is that this represents a clinically
relevant 1 log;o drop in virus replication. When the lowest drug concentration (Cmin) in
patients treated with maraviroc is compared to the in vitro unbound drug IC90, the patient
exposure is 16-fold higher than the in vitro antiviral values. When consideration of the IC50
is made, the patient exposure is 60-fold higher than the in vitro antiviral value.

Maraviroc inhibits replication of viruses resistant to existing antiretroviral agents that target
viral enzymes. This has been evaluated in vitro with a large panel of pseudotyped viruses
(200 viruses of which 100 were derived from protease and reverse transcriptase inhibitor
resistant viruses), containing envelope genes (gp120/gp41) derived from well-characterized
clinical samples of Clade-B and non-B genetic background. The geometric ICs0 n-fold
change (defined as the clinical isolate IC50/JRCSF reference virus 1C50) against this panel is
0.69-fold (95% CI, 0.64 to 0.73).

There is no difference in the susceptibilities of Clade B viruses and non-B viruses to
maraviroc. There is a small but statistically significant difference between the drug-naive
and drug resistant groups, with geometric n-fold changes of 0.60 fold (95% CI, 0.55 to 0.65)
and 0.79 fold (95% CI, 0.72 to 0.86) respectively (p <0.001). Given the large window
between in vitro efficacy and steady-state unbound Cmin levels achieved in HIV-1 infected
patients, this small difference is unlikely to be of clinical relevance, supporting the use of
maraviroc in patients harboring virus strains resistant to existing antiretrovirals.

Maraviroc is also active in vitro against virus strains resistant to the fusion inhibitor,
enfuvirtide. This was demonstrated during the clinical phase of the program, when

38 patient-derived viruses (half of which harbored resistance to enfuvirtide) were all shown
to be susceptible to maraviroc.

Maraviroc-resistant (MVCres) virus has been selected by serial passage. The characteristics
of these MV Cres variants are that they remain CCRS5-tropic, are sensitive to other entry
inhibitors and the test PI (saquinavir) and contained amino acid substitutions/deletions in the
gp120 V3 loop, which appeared to be strain specific. Currently there are no genotypic
markers of resistance to maraviroc. This is discussed further in Section 8 of this briefing
document.
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4. NON-CLINICAL PHARMACOLOGY AND TOXICOLOGY
4.1. Introduction

To investigate the effects of maraviroc on CCRS that are not related to its antiviral activity,
studies on chemokine binding and cellular signaling were conducted. Secondary
pharmacodynamic studies were conducted to determine the effects of maraviroc unrelated to
its therapeutic target. Safety pharmacology studies were conducted to investigate the
potential undesirable pharmacodynamic effects of maraviroc on physiological functions in
relation to exposure in the therapeutic range and above.

The nonclinical pharmacokinetic program for maraviroc comprised detailed single dose
studies in mice, rats and dogs to define basic pharmacokinetic parameters. This program was
supplemented by sampling during repeat dose toxicology studies in mice, rats, dogs and
monkeys to confirm the pharmacokinetics of maraviroc under the actual conditions of safety
evaluation. Tissue distribution, metabolism and excretion studies were conducted using three
radiolabelled forms of maraviroc - tritium (3H) and both single and dual carbon-14 labeled
material. In vitro metabolism studies were used to support in vivo studies, to characterize the
enzymes involved in maraviroc metabolism and to determine the potential for interactions
with co-administered drugs.

The nonclinical safety evaluation program was carried out predominantly in rats and
macaque monkeys and included an assessment of carcinogenicity potential using a 6-month
study in transgenic mice and a 24-month study in rats. Additional studies were conducted to
assess the involvement of hepatic enzyme induction in thyroid changes observed in rats and
to assess the effect of maraviroc on immune function in monkeys.

Exposure multiples have been calculated by comparing unbound plasma concentrations
(Cmax or AUC24) in the toxicology species with those at the maximum therapeutic dose in
humans (300 mg BID: Cmax 155 ng/mL; AUC24 1275 ng.h/mL; from the Clinical Study
A4001007, A randomized, double-blind, placebo-controlled, multicentre study of
UK-427,857 25 mg QD, 50 mg BID, 100 mg BID and 300 mg BID in asymptomatic HIV
infected patients to investigate pharmacodynamics, pharmacokinetics, safety and toleration).

4.2. Non-Clinical Pharmacology

CCRS5 Primary Pharmacodynamics Not Related to the Antiviral Mode of Action

As a consequence of binding to CCRS, maraviroc has pharmacological effects that are not
related to its antiviral activity. Thus maraviroc blocks binding of endogenous human CCR5
chemokines and acts as an antagonist of subsequent signaling processes.

Human CCRS interacts with three endogenous chemokines, MIP-1a, MIP-13 and RANTES
(also known as CCL3, CCL4 and CCLY5) all of which act as receptor agonists causing
downstream cellular effects such as chemotaxis. Maraviroc inhibited binding of iodinated
MIP-1a, MIP-18 and RANTES ligands to recombinant human CCRS receptors expressed in
whole HEK-293 cells and membrane homogenates with ICs0 values in the single figure
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nanomolar range. In addition, the IC50 for maraviroc was unaffected when the concentration
of radiolabelled MIP-1 was increased from 0.005 to 100 nM (ICso = 2.7 to 6.1 nM)
suggesting that the inhibition of chemokine binding was insurmountable under these
conditions and that circulating chemokines are unlikely to affect the binding of maraviroc to
CCRS.

Maraviroc was shown to inhibit chemokine induced intracellular calcium release (ICso range
7-30 nM). Specifically for MIP-1B-induced intracellular calcium release ICsy = 14 nM
(95% CI 10 — 20 nM; 7 ng/mL (95% CI 5 to 10 ng/mL)) and for MIP-1B-induced changes in
intracellular cAMP levels ICsp = 9.4 nM in human cells. In the latter assay maraviroc
showed evidence of insurmountable MIP-1f antagonism. The most likely explanation for
this insurmountable profile relates to the slow rate of maraviroc dissociation from the human
CCRS receptor and the state of hemi-equilibrium that results. The data for MIP-1[3
antagonism was therefore analyzed assuming hemi-equilibrium conditions, and a pKb value
0f 9.4 (95% CI 9.01 — 9.75) was calculated for maraviroc.

Secondary Pharmacology

Maraviroc has no significant inhibitory activity in a range of in vitro assays of immune
function, including specific activities mediated by the chemokine receptors CCR1, 2, 2b, 3,
4,7, 8, CXCRI1 and 2, cytokines IL-2, IL-8 and IL-4 and non-specific activities such as
antigen-stimulated lymphocyte proliferation.

Safety Pharmacology

Safety Pharmacology studies were conducted where possible using human recombinant
proteins, cell lines or tissues. In addition, in vitro and in vivo studies used animal models
where appropriate. It was demonstrated that the affinity and functional activity of maraviroc
at the macaque CCRS5 is similar to that of human CCRS, and the macaque is therefore likely
to represent a non-rodent toxicology species with a mechanistically relevant interaction with
the compound. However, sequence homology and maraviroc interaction studies with mouse,
rat and dog CCRS, in comparison with human, indicate at least 1,400-fold lower affinity of
maraviroc for CCRS in the species used in safety pharmacology studies. The main outcomes
in these species are therefore likely to be non-CCRS5 driven, although there will be a degree
of mechanistic interaction at high concentrations.

Maraviroc up to 10 uM did not display biologically relevant affinity for a range of
physiologic receptors, ion channels, and enzymes. The exceptions to this were moderate
inhibition in the human p opioid, rat non-selective muscarinic receptor (but not human
M1-MS5 receptor), and the human a4 adrenergic binding assays. Weak functional p opioid
agonist activity was observed at 10 uM (5137 ng/mL), which represents approximately
34-fold the mean unbound Cmax in HIV-positive patients at a dose of 300 mg BID and is
unlikely to be of biological significance. Although maraviroc was shown to be a functional
antagonist at canine venous alpha adrenergic receptors (threshold effect level = 3 uM) there
was no consistent adrenergic mediated activity in a variety of additional preparations,
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including rat vas deferens, recombinant human adrenergic receptor cell lines and isolated
human saphenous vein.

Maraviroc was shown to be active at the human cardiac hERG channel with an in vitro
threshold for inhibition of [*H]dofetilide binding and the Ixr current and prolongation of the
Purkinje fibre action potential duration and an effect on cardiac repolarization in vivo at
unbound plasma concentrations greater than 3 uM, which is approximately 10-fold higher
than the mean unbound Cmax in HIV-positive patients at a dose of 300 mg BID. The
integrated ICs0 for these effects is >10 uM. From these observations a value for the ratio
hERG ICso0/free Cmax of at least 33 can be calculated. Therefore, whilst at high
concentrations (>10 uM) maraviroc will interact with hERG and prolong the QT interval, in
vitro data predict an adequate exposure multiple.

Maraviroc was well tolerated in in vivo tests, with no effects seen in the rat respiratory and
renal systems and no effect on motor coordination or sodium pentobarbitone induced
sleeping times in mice. The maximum tolerated dose, at which there were no marked effects
on appearance and behavior in rats, was 1000 mg/Kg achieving a peak unbound Cmax of

5 uM (2543 ng/mL, approximately 17-fold the mean unbound Cmax in HIV-1-positive
patients at a dose of 300 mg BID).

Maraviroc, at an unbound Cmax of 168 nM (86 ng/mL) caused no biologically relevant, or
statistically significant, haemodynamic or ECG changes when orally administered to
conscious freely moving dogs. In conscious, restrained dogs intravenous administration of
maraviroc did not cause any meaningful effects upon basal haemodynamic parameters at
concentrations of approximately 3-6-fold the mean unbound Cmax in HIV-positive patients at
a dose of 300 mg BID. In this study, modest prolongation (mean 14.5 msec, maximum

23.1 msec) of the QT interval was observed in the absence of an effect on heart rate. This
finding is consistent with toxicology studies in which maraviroc induced increases in the
QTc interval in dogs and monkeys. Thus non-clinical data indicate that QT prolongation in
humans is not anticipated at concentrations expected in clinical use (clinical data are included
in Section 9.7.1).

Of the maraviroc metabolites observed in human plasma two structurally diverse products, a
secondary amine and a carboxylic acid (comprising approximately 22% and 5% respectively
of total administered compound compared with a parent level of 42%) were profiled against a
panel of pharmacologically relevant receptors, enzymes and ion channels. No activities of
biological relevance were observed at the concentrations observed in humans.

4.3. Pharmacokinetics

The results of preclinical in vitro studies and in vivo pharmacokinetic/toxicokinetic studies in
animals are summarized below, with reference to appropriate human data:

Absorption

Oral bioavailability following single oral administration of Maraviroc in rats and dogs was
generally low to moderate (5 to 42%). Systemic exposure in toxicology studies increased in a
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supra-proportional manner in rat and greater than the increment in dose in cynomolgus
monkey. Exposure in the remaining species was approximately proportional with dose
following repeated daily oral administration of maraviroc.

Distribution

Plasma protein binding was moderate in animal and human plasma. In human plasma the
unbound fraction was 0.245. Fraction unbound in animal species ranged from 0.34 to 0.516.

Following oral administration to pigmented rats, drug-related radioactivity was primarily
associated with the liver, kidney, small intestine, bladder, seminal vesicles and prostate
gland. In separate studies radioactivity did not readily cross the blood brain barrier with
cerebrospinal fluid (CSF) concentrations approximately 10% of free plasma concentration.
Radioactivity was slowly eliminated from the eye (elimination half life 7 days), suggesting
an affinity for melanin, as commonly observed with basic compounds. Maraviroc shows
some partitioning into red blood cells in rat, dog and human with ratios of 1.1, 0.9 and 0.7,
respectively. In rats, the distribution of radioactivity to gut-associated lymphoid tissue
(GALT) showed penetration into all lymph nodes regardless of anatomical location.

Maraviroc has been shown to be a substrate for the efflux transporter P-glycoprotein, with a
Km of 37uM.

Metabolism

Maraviroc was the major component present in human urine, feces and plasma, accounting
for 33% of excreted radioactivity and 42% of plasma radioactivity. Significant metabolites
detected in human plasma were a secondary amine product of N-dealkylation
(UK-408,027, 22%) and an hydroxylated analogue (11%). These metabolites were also
present in excreta together with several oxidized products involving hydroxylation in the
difluorocyclohexane, phenyl or substituted triazole functions. All of the human metabolites
are observed in the toxicology species. Maraviroc was the major component in the excreta
and plasma of all animal species, ranging from 39% to 79% of excreted radioactivity (male
CDI mouse and rat (mean of both sexes), respectively) and 40% to 79% of plasma
radioactivity (female rabbit and female rat, respectively).

Metabolism of Maraviroc to the plasma metabolite, UK-408,027 has been shown to be
mediated by CYP3A4 in man.

Elimination

In mouse, rat, rabbit, dog, monkey and human the main route of excretion of drug-related
radioactivity following oral administration of radiolabelled maraviroc was via the feces
(=276%).

Drug-related radioactivity was secreted in milk of lactating rats following oral administration
of maraviroc.
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Toxicokinetics

In mice, the increase in exposure was approximately proportional with the increment in dose
over the 200 to 750 mg/Kg dose range. In rats, Cmax increased approximately proportionally
with dose whereas AUC increased super-proportionally and plasma concentrations were
approximately 1.4 to 2.2-fold higher on Day 181 compared with Day 0 (first day of dosing).
There was a proportional increase in Cmax and AUC in dogs with increasing dose although
systemic exposure was similar on Days 1 and 176. In cynomolgus monkeys, the increase in
mean AUC and Cmax values was greater than the increment in dose over the 30 to

400 mg/Kg/day dose range (as twice daily doses). Systemic exposure was similar over the
duration of treatment except for the highest dose group in which the AUC values were
1.5-fold higher from Day 133 and Day 270 compared with Day 0.

4.4. Toxicology

The full toxicology profile of maraviroc has been assessed by evaluating high daily doses in
several animal species (up to 2000 mg/Kg in mice, 1500 mg/Kg in rats, 250 mg/Kg in dogs
and 800 mg/Kg in monkeys). The dose range studied provided plasma exposures many times
higher than found at the maximum therapeutic dose in humans, 300 mg BID

(or 8.6 mg/Kg/day, assuming a 70 Kg subject); the unbound Cmax and AUC values
represented exposure multiples of up to 45 and 68 in mice, 30 and 51 in rats, 23 and 28 in
dogs and 43 and 37 in monkeys.

In mice, mortality at 1000 mg/Kg, associated with local gastrointestinal pathology rather than
systemic toxicity, gave a NOAEL of 750 mg/Kg, with an exposure multiple of 45 (Cmax) or
68 (AUC).

In rats, the dose of 900 mg/Kg, with exposure multiples of 30 (Cmax) or 51 (AUC), was
found to be the maximum tolerated dose and was used as the high dose in the 24-month
carcinogenicity study. Reductions in body weight were noted at 900 mg/Kg. The liver has
been identified as a target organ in rats. There was a weak signal of adverse liver findings at
high doses, characterized by slight increases in plasma transaminases and bile duct
hyperplasia, at 34-fold and 25-fold, respectively, the AUC exposure at 300 mg BID. No
adverse liver effects were observed in rats at 8x the AUC exposure at 300 mg BID.

In dogs, there were multiple bouts of emesis from relatively low doses (15 mg/Kg),
accompanied by body weight loss and frequent reductions or absence of food intake at the
dose of 150 mg/Kg. This was considered to be the maximum tolerated dose in dogs, with an
exposure multiple of 23 (Cmax) or 28 (AUC). In the 1- and 6-month studies, the NOAEL was
5 mg/Kg, with an exposure multiple of 2 (Cmax), based on increases in QTc interval at higher
doses.

In monkeys, the daily dose of 800 mg/Kg was not well-tolerated, being associated with
cardiovascular changes (reduced blood pressure and heart rate) and treatment reactions
(reduced activity, prostration, loss of balance). The dose of 400 mg/Kg produced similar,
though less severe findings, as well as an increase in QTc interval, in the 9 month study at
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exposure multiples of 14 (Cmax) and 23 (AUC). The NOAEL, established from the 9-month
study, was 120 mg/Kg in monkeys, with a Cmax exposure multiple of 5. There was no
evidence of cardiac arrhythmias in dogs or monkeys over the dose range studied.

The assessment of maraviroc in repeat-dose studies in rats, dogs and monkeys using daily
dosing for up to 6 or 9 months of treatment demonstrated no histopathological evidence of
toxicity on the male or female reproductive systems of these species.

Reproductive toxicology studies in male and female rats indicate no effects on fertility at
1000 mg/Kg, corresponding to an AUC exposure multiple of 39. In addition, there was no
effect on reproduction parameters or embryo-fetal development at 1000 mg/Kg in rats (AUC
exposure multiple of 39) and 200 mg/Kg in rabbits (AUC exposure multiple of 34). In the
pre-and postnatal study in rats, there was no effect on the reproductive function of treated
females up to the dose of 1000 mg/Kg, producing an AUC exposure multiple of 27-fold.
This dose produced a slight increase in motor activity in male F1 offspring. Based on this
finding, the NOAEL for development toxicity in the offspring of maraviroc-treated female
rats was 300 mg/Kg, corresponding to an AUC exposure multiple of 9. A study in lactating
female rats has shown that maraviroc is extensively secreted into milk, and this is also likely
to occur in humans.

Maraviroc binds to the CCRS5 receptor in rats with a significantly reduced affinity compared
with that in humans. The high concentrations used in the rat and rabbit embryofetal
development studies are in the range producing approximately 30% inhibition of the
recombinant rat CCRS receptor. In neither of these studies was there evidence of adverse
effects of the treatment on embryo or fetal development. A higher dose (300 mg/Kg) was
administered to pregnant rabbits in the range-finding study and produced severe maternal
toxicity (including mortality) but no evidence of embryofetal toxicity. However plasma drug
exposure levels were not measured in this study.

Maraviroc was shown not to be mutagenic or clastogenic in appropriate genetic toxicology
assays. Carcinogenicity studies in rats (24 months duration) and Tg mice (6 months
duration) at plasma AUC exposures 21- and 39-times higher than those found in humans at
the maximum therapeutic dose, indicate no carcinogenic potential for humans.

4.5. Specific Areas of Interest Arising from the Nonclinical Safety Program

Blood pressure and Heart rate

Studies in dogs indicated no significant changes in blood pressure at plasma concentrations
3-6-fold that of the maximum therapeutic dose and only inconsistent reductions in blood
pressure in individual animals at concentrations 5 and 9-fold that at the maximum therapeutic
dose. Maraviroc produced a slight impairment of normal reflex control of blood pressure in
the dog during the change to the upright position at plasma concentrations 3-6 fold the
concentrations at the maximum therapeutic dose in humans. However, once the upright
position had been established, blood pressure control was maintained at a normal level.
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Toxicology studies in monkeys indicated reductions in blood pressure at daily doses of 200
and 400 mg/Kg, accompanied at 400 mg/Kg by lower heart rates. The doses of 200 mg/Kg
(1-month study) and 400 mg/Kg (9-month study) were associated with similar unbound
plasma concentrations (1815 ng/mL and 1718 ng/mL, respectively) and were approximately
11-fold higher than that at the maximum therapeutic dose. No effects on blood pressure or
heart rate were observed at 120 mg/Kg in the 9-month study, with a plasma concentration
5-fold that of the maximum therapeutic dose in man. The reduction in heart rate seen in
monkeys has not been observed in humans throughout the clinical program and is unlikely to
represent a risk for patients.

Although the mechanism responsible for postural hypotension in humans is unclear, in vitro
studies suggest effects of maraviroc on alpha adrenoceptors or vascular CCRS receptors.

QT interval prolongation

At therapeutic concentrations, maraviroc had no effect on cardiac repolarization in either in
vitro or in vivo assays. This is consistent with the lack of effect of maraviroc on QT interval
in humans at therapeutic doses. However at supra-therapeutic concentrations, or in the event
of an overdose, maraviroc could block the hERG potassium channel. In vitro studies show
that maraviroc inhibits dofetilide binding, is active at the human cardiac hERG channel and
prolongs the action potential of the dog Purkinje fibre at concentrations >3 uM or

1541 ng/mL. These results indicate that maraviroc has the potential to block the Ik, current
and affect cardiac repolarization in vivo at unbound plasma concentrations greater than

3 uM, which is approximately 10-fold the Cmax at the maximum therapeutic dose.

These changes were consistent with findings from toxicology studies in which maraviroc
increased QTc interval at doses of >15 mg/Kg in dogs and >200 mg/Kg in monkeys. The
unbound plasma concentrations at these lowest effect doses (899 and 1815 ng/mL) represent
exposure multiples of 6- and 12-fold, respectively. In these two species, doses of 5 mg/Kg
and 120 mg/Kg, respectively, had no effect on QTc interval at plasma concentrations 2 and
5-fold the maximum therapeutic concentration. The blockade of cardiac potassium channels
can cause prolongation of action potential duration, thereby delaying ventricular
repolarization, lengthening QT interval and increasing the risk of serious arrhythmias, such
as torsade de pointes. This activity of maraviroc is considered to represent a low risk to
humans given that the ion channel effects occur at a plasma concentration that was 10-fold
the maximum therapeutic concentration (155 ng/mL). Furthermore concentrations in dogs
and monkeys have been explored up to 23- and 43-fold, respectively, those seen at the
therapeutic dose, with no evidence of cardiac arrhythmias.

In vitro studies and animal data from dogs and monkeys indicated the potential for QT
interval prolongation in human patients which led to the conduct of a thorough QT study in
humans and QT monitoring in the Phase 2b/3 clinical program. The range of in vitro, animal
and clinical data has served to characterize the action of maraviroc on cardiac repolarization
and to provide reassurance that maraviroc does not increase the arrhythmogenic risk for
humans, even when taking concomitant medication that would increase exposure.
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Hepatic Findings

Repeat-dose toxicology studies in mice, rats, dogs and monkeys identified the liver as a
target organ in rats only; in mice, dogs and monkeys, no signals of adverse liver findings
were seen at 68x, 28x and 37x the AUC exposure at 300 mg BID in humans, respectively. In
rats, bile duct vacuolation was present from 100 mg/Kg and was associated with minimal bile
duct hyperplasia from 300 mg/Kg. At higher dose levels, while the incidence of bile duct
changes increased, there was no increase in the severity. In male rats, bile duct hyperplasia
was still present 3 months after withdrawing the treatment, but was fully reversed in female
rats. Bile duct hyperplasia appears morphologically similar to spontaneous changes known
to occur in rats (Greaves, 2000). These changes are possibly a mild response to the biliary
excretion of maraviroc or its metabolite, but were subsequently not seen in 2 year studies at
similar exposures in rats during carcinogenicity testing.

At 900 mg/Kg, additional findings in the liver were altered cell foci and multinucleated
hepatocytes. Although altered cell foci occur spontaneously in older rats, they are seen
infrequently in rats aged 8 months. Multinucleated hepatocytes were not associated with
concurrent evidence of liver damage or hepatocyte proliferation in this study. The presence
of multinucleated hepatocytes after withdrawing the treatment for 3-month recovery period is
consistent with a long recovery period for this finding (Brughera et al, 1995). At the dose of
1500 mg/Kg, there were increases in plasma transaminases, accompanied in one animal by
hepatocellular necrosis.

In the 24-month study in rats, bile duct hyperplasia was noted in all groups (including
controls) with a similar incidence and severity; although bile duct vacuolation was not
observed. As in the 6-month study, there were no indications of atypia, mitosis or
pleomorphism of bile duct epithelium. While biliary neoplasms (cholangiocarcinoma and
cholangioma) were found only in rats receiving maraviroc, the lack of an indication of pre-
neoplastic changes, the low incidence of tumors in this study, along with similar incidences
in reported control data and in a control group in a concurrent study at the same laboratory,
support the conclusion that these neoplasms are of spontaneous origin and unrelated to
treatment. In the 6-month carcinogenic study in transgenic (rasH2) mice, there were no
noteworthy findings in the liver.

In summary, the liver has been identified as a target organ in rats. There was a weak signal
of adverse liver findings at high doses, characterized by slight increases in plasma
transaminases and bile duct hyperplasia, at 34-fold and 25-fold, respectively, the AUC
exposure at 300 mg BID. No adverse liver effects were observed in rats at 8x the AUC
exposure at 300 mg BID. Given the high first pass extraction in this species, the systemic
exposure (used to calculate exposure multiples), is likely to under-represent the chemical
stress imposed on the liver (Walker, 2004). In mice, dogs and monkeys, no signals of
adverse liver findings were seen at 68x, 28x and 37x the AUC exposure at 300 mg BID in
humans, respectively. Carcinogenicity studies in rats and transgenic mice at plasma AUC
exposures 21- and 39-times higher than those found in humans at the maximum therapeutic
dose, indicate no carcinogenic potential for the human liver.
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Carcinogenicity studies

Carcinogenicity studies have been conducted in rats for 24 months (50, 100, 500 and
900 mg/Kg) and in ras H2 transgenic mice for 6 months (200, 800 and 1500 mg/Kg). In both
studies, treatment with maraviroc had no effect on survival.

In rats, there was an increased incidence of follicular cell adenoma of the thyroid at

900 mg/Kg. These thyroid changes are considered to be indirect effects of hepatic enzyme
induction and are not interpreted to be a risk for human patients. Other tumours in this study
were not considered treatment-related. At plasma AUC exposures 21-fold higher than those
found in humans at the maximum therapeutic dose, there was no indication of carcinogenic
potential for humans.

In transgenic mice, there were no significant differences in the nature or incidence of
hyperplastic or neoplastic microscopic findings in any tissue/organ in maraviroc treated mice
compared to control animals. All animals of the MNU-treated positive control group had
microscopic findings indicative of neoplastic changes. The high dose corresponds to plasma
AUC exposures at least 39-times higher than found in humans at the maximum therapeutic
dose.

Immunological Considerations

Owing to its targeted patient population and mechanism of action, maraviroc was evaluated
for effects on immune function. Maraviroc has no activity against a number of in vitro
human immune function assays, including activity against a number of related chemokine
receptor assays. In repeat-dose toxicology studies in mice, rats, dogs (up to 6 months
duration) or monkeys (up to 9 months duration), maraviroc produced no alterations in
circulating white blood cell parameters, serum globulins, or noteworthy changes to organ
weights or histology of the bone marrow, lymph nodes, spleen or thymus. Similarly there
was no increase in the incidence of infections during these studies to suggest impairment of
the immune system.

A specific study to investigate the potential of maraviroc to impair the immune system in
monkeys showed that treatment for 1-month at daily doses of up to 300 mg/Kg induced no
changes in lymphocyte subset distribution, NK cell activity, phagocytosis activity or
oxidative burst. All animals were able to mount a humoral primary (IgM) and secondary
(IgG) immune response against KLH. The daily dose of 300 mg/Kg was shown to achieve
100% occupancy of CCRS receptors over 24 hours. There was no adverse effect of
maraviroc on the immune system in monkeys at plasma exposures (AUC24) producing
complete and continuous blockade of CCRS5 receptors and with an exposure multiple 16-fold
greater than observed at 300 mg BID.

There was no suggestion that maraviroc stimulated the immune system. In chronic (6 months
or longer) studies in mice, rats, dogs and monkeys there was no evidence of lymphoid
hyperplasia in the spleen or lymph nodes, which may be expected upon stimulation of the
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immune system. Furthermore in the immunotoxicology study in monkeys, there was no
potentiation of the antibody response to KLH.

Carcinogenicity studies in rats and transgenic mice indicate no carcinogenic potential for
humans at plasma AUC exposures 21- and 39-times, respectively, higher than those found in
humans at the maximum therapeutic dose. The CCRS5 receptor binding at the high doses was
estimated to be 10% in rats and 20% in the transgenic mice.

The results of these nonclinical studies with maraviroc provide no evidence for a risk to the
human immune system.

5. CLINICAL PHARMACOLOGY

Polarized transport of maraviroc across Caco-2 cell monolayers, and three-fold higher
systemic exposure in wild-type mice compared to double P-glycoprotein (P-gp) knockout
mice, have indicated a potential role for the transport protein P-gp in limiting oral absorption
of maraviroc. In the rat model, maraviroc shows wide tissue distribution, except for lower
penetration into the central nervous system, possibly due to P-gp mediated efflux. Maraviroc
is moderately protein bound (75% in man) and is eliminated predominantly by metabolism,
primarily by CYP3A4, and does not inhibit major drug metabolizing cytochrome P450s in
vitro, including CYP3A4 (IC50’s > 30uM).

Maraviroc (up to 10uM) had little interaction with physiologically important receptors,
binding sites, enzymes or ion channels apart from weak functional activity at the human

n opioid receptor and a moderate affinity for the human a4 adrenergic receptor. In vitro
studies have shown the primary metabolite, UK-408,027 (up to 10uM), to be inactive in viral
protein mediated cell fusion assays and devoid of any relevant pharmacological activity
against physiological receptors ions and enzymes tested.

Pre-clinical studies indicated that maraviroc has the potential to block the Ik, current and
affect cardiac repolarization in vivo at approximately 10-fold the Cmax at the maximum
therapeutic dose. A clinical study specifically designed to evaluate the potential for QTc
prolongation was conducted and demonstrated that at maraviroc doses up to and including
900 mg there was no clinically meaningful effect on QTc interval.

Maraviroc will be administered with multiple drugs, including other antiretroviral agents,
(NRTIs, NNRTIs, PIs and fusion inhibitors) and drugs to treat other medical conditions
including opportunistic infections. Many of these drugs are known to modulate the activity
of CYP3A4 and/or P-gp and hence could be expected to affect maraviroc pharmacokinetics.
Given the potential for a complex dosing environment, an extensive clinical drug interaction
program has been performed to elucidate any significant effect of maraviroc on
representative drugs and also the effect of other representative drugs on maraviroc.

This section summarizes the results from clinical pharmacology studies conducted with
maraviroc during its development. Data from clinical pharmacology studies indicate that:
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e The clinical pharmacology profile supports therapeutic dosing at 300 mg QD and
300 mg BID.

e Maraviroc does not affect the pharmacokinetics of other drugs.

e Maraviroc dose should be halved when co-administered with CYP3A4 and/or P-gp
inhibitors, and doubled when co-administered with CYP3A4 and/or P-gp inducers (in
the absence of potent CYP3 A4 inhibitors).

5.1. Clinical Pharmacology Program Overview

There have been 28 Phase 1 studies completed in over 600 healthy volunteers and HIV-1
infected subjects. For 2 of the studies (A4001032, the paediatric formulation taste test study
and A4001047, which studied the potential modified release preparation of maraviroc) only
the safety data were reported, as the other endpoints were not applicable to the NDA filing.
The pharmacokinetics, metabolism, absolute bioavailability and maximum tolerated dose of
maraviroc have been comprehensively evaluated in 7 studies. Thirteen drug-drug interaction
studies have been performed, 10 evaluating the effects of other drugs on maraviroc and

3 studies evaluating the effect of maraviroc on other drugs. Two Phase 1 studies were
conducted to evaluate the effect of food on maraviroc pharmacokinetics, one study evaluated
bioequivalence, and 2 studies were designed to evaluate specific safety concerns (QTc and
haemodynamics). One further pharmacokinetic study evaluated the influence of race on
maraviroc pharmacokinetics. There have been two Phase 2a dose ranging studies in
asymptomatic patients infected with CCRS tropic HIV-1, which provided pharmacokinetic-
pharmacodynamic data including effects on plasma viral load (details of these endpoints are
presented in Section 6.2).

5.2. Clinical Pharmacokinetics

Healthy subjects have received single doses of maraviroc ranging from 1 to 1200 mg and
multiple doses of maraviroc ranging from 3 to 900 mg BID, and 1200 mg QD for periods
ranging from 7 to 28 days in clinical pharmacology studies.

Absorption

Maraviroc has been developed as an oral tablet formulation, which is highly soluble at a
physiological pH range of 1-7.5. As such, the solubility of maraviroc should not be affected
by the concomitant use of stomach acid suppressing medications, which do not cause
stomach pH to rise above 7 (Thomson ABR, 2006).

In Phase 1 single and multiple dose studies orally administered maraviroc demonstrates rapid
absorption (Tmax 1-4h, Cmax 0.5-4h) and non proportional pharmacokinetics (Figure 2) at
doses below 300 mg. Multiple dosing leads to limited accumulation at a 300 mg BID dose
and steady state is observed within 7 days.
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Figure 2. Mean Dose-Normalized Maraviroc Plasma Concentration versus Time
Profiles (A4001001)
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Exposure increases supra-proportionately with increasing dose, and it is postulated that this
may be due to saturation of P-gp with increasing maraviroc concentrations in the gut.
Intravenous (IV) administration showed linear pharmacokinetics. Population
pharmacokinetic modeling of oral tablet data across the Phase 1 program estimated
bioavailability in the typical individual as 33% at a unit dose of 300 mg. The same model
estimated bioavailability at a 100 mg unit dose to be 24% (the observed absolute
bioavailability of a 100 mg dose from Study A4001009 was 23%). At unit doses of 600 mg
and above, exposure was predicted to increase linearly with a bioavailability of 33%.

Phase 1 food effect studies have demonstrated that there is a dose dependent and time
dependent effect of food when maraviroc is administered with a high fat meal, which was
independent of dosage form. This food effect was confirmed in a Phase 1 study of the
commercial tablet, which showed that food reduced the exposure of maraviroc 300 mg by
33%, primarily by reduction of Cmax. The food effect of maraviroc was also assessed in a
Phase 2a study, A4001015, to determine whether these effects translated into an effect on
antiviral activity. The results of this study showed that there was little effect of food on the
antiviral activity (change from baseline in viral load log; copies/mL) of maraviroc, with a
-0.103 (90% CI1-0.390, 0.185) difference between maraviroc 150 mg BID fasted and fed
treatment groups on Day 11. The high fat meal provided in these studies was consistent with
that recommended by the FDA for food-effect bioavailability studies (FDA Guidance for
Industry: Food Effect Bioavailability and Fed Bioequivalence Studies, December 2002).

Simulations (using pharmacokinetic-pharmacodynamic-viral dynamics model) projected that
the maximum impact of taking maraviroc 300 mg QD or BID at the same time as a high fat
meal every day would diminish response (proportion of subjects with a response of
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<400 log;o copies/mL) at 48 weeks by 7% and 4% respectively. Taken together with the
magnitude of increase in maraviroc exposure when administered with concomitant
antiretroviral agents that inhibit CYP3A4 (described in Section 5.5.2 below), the effect of
food on exposure of maraviroc was believed to be negligible. No recommendation for food
restriction was therefore made in the Phase 2b/3 clinical program.

Distribution

The actual tissue distribution of maraviroc is not known in humans. In rats CNS penetration
is modest (10%) but significant penetration is noted in gut associated lymphoid tissues. In
humans CNS penetration is likely to be modified by concomitant drugs that either inhibit
(many PIs) or induce (efavirenz) P-gp. The steady state volume of distribution of maraviroc
is approximately 194 L (Study A4001009). Maraviroc is bound (approximately 75%) to
human plasma proteins, and shows moderate affinity for albumin and alpha-1 acid
glycoprotein. Red blood cell partitioning was indirectly measured using whole blood and
plasma radioactivity from a mass balance study when ['*C]-labeled maraviroc was
administered to healthy subjects. Blood to plasma ratio was 0.6; suggesting maraviroc is
predominantly confined to plasma with negligible distribution into red blood cells.

Metabolism and Excretion

Maraviroc metabolic fate has been evaluated in a mass balance Study (A4001010).
Unchanged maraviroc was the major plasma circulating component (42% of plasma
radioactivity) and the metabolites UK-408,027 (22%), an amine analogue (11%) and
UK-463,977 (5%) were also identified in the plasma. UK-408,027 and UK-463,977 have
been evaluated in vitro against a range of 74 receptors, ion channels and enzymes and these
metabolites are considered to be devoid of activity of any biological relevance. All human
metabolites have been identified as circulating metabolites in one or more toxicology species
tested.

The pharmacokinetic profile of maraviroc has been evaluated examining genetic
polymorphisms in CYP3A4/5, CYP2B6 (reportedly associated with high plasma
concentrations of efavirenz), MDR1 (P-gp) and BCRP1 (another efflux transporter). Overall,
no clinically significant effects were found.

Figure 3 below utilizes data from Study A4001010 and the IV bioavailability Study
A4001009 to delineate relative importance of routes of excretion of maraviroc.
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Figure 3. Routes of Excretion of Maraviroc (300 mg)
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As renal clearance of maraviroc accounts for less than 25% of total clearance, a study of
maraviroc pharmacokinetics in patients with renal impairment is not considered necessary.
Patients with liver enzyme elevations up to and including ACTG Grade 2 (up to 5 times the
upper limit of normal for ALT and AST) have been enrolled in the Phase 2b/3 clinical
program, as have patients co-infected with hepatitis B and/or C. No safety issue has been
noted in these patients, although numbers were limited. A single dose study (A4001023) in
subjects with mild to moderate hepatic impairment has shown little impact on maraviroc
pharmacokinetics, with less than a 50% increase in exposure to maraviroc. Maraviroc has
not been studied in subjects with severe hepatic impairment.

5.3. Effects of Age, Gender, Race and HIV-1 Status on Pharmacokinetics

Phase 1/2a population pharmacokinetic analysis indicated that age and gender had no impact
on exposure to maraviroc. However no volunteers were over the age of 65 and, as would be
expected, few patients were over the age of 65 in the Phase 2b/3 trials. Therefore, presently
it is unknown whether maraviroc pharmacokinetics would be different in elderly patients, but
given its predominant hepatic metabolism, significant age effects would not be predicted. A
number of the Phase 1 studies were conducted in Singapore, which therefore included a
number of Asian subjects who received maraviroc. The pooled analysis predicted a slight
increase in exposure in Asians (26.5%). However a specific study designed to evaluate the
potential differences between studies conducted in Brussels (in Caucasians), versus
Singapore studies showed no difference in pharmacokinetic parameters between Caucasians
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and Asians. Pharmacokinetic data in black subjects in Phase 1 were limited but on inspection
no differences were observed. Two Phase 2a studies demonstrated that the pharmacokinetics
of maraviroc at a range of doses in HIV-1 infected patients not receiving highly active
antiretroviral therapy (HAART) were similar to the pharmacokinetics in healthy volunteers.

5.4. Safety Considerations

Dose escalation studies demonstrated that postural hypotension was the dose limiting adverse
event. This was seen at unit doses of 1200 mg in Study A4001001. The events were
spontaneous, temporally associated with Cmax and resolved with supportive measures. Due
to small changes in standing blood pressure observed in Study A4001002, an exploratory
analysis of the relationship between maraviroc plasma concentrations and standing systolic
and diastolic blood pressure data from two healthy volunteer studies (A4001002 and
A4001006) was conducted. A population analysis using nonlinear mixed effects modeling
was employed. No significant placebo effect was identified and a linear concentration effect
relationship was found to describe adequately the standing blood pressure changes on active
treatment. The estimate of the slopes describing the standing systolic and diastolic blood
pressure: concentration relationships were —0.00387 and -0.00179 respectively (equivalent to
a decrease of 3.87 mmHg (systolic) or 1.79 mmHg (diastolic) per 1000 ng/mL within the
maraviroc concentration range studied (0-2000 ng/mL).

Subsequent studies, including the Phase 2b/3 studies have included objective assessment of
postural hypotension. These studies examined doses up to 300 mg BID for 28 days,

600 mg QD for 10 days and a dose titration study up to 14 days (7 days on a lower dose) to a
maximum of 900 mg BID and 1200 mg QD. Single doses of 600 mg and 900 mg were also
studied. At unit doses of 300 mg or less the incidence of postural hypotension (as per
pre-defined by blood pressure changes rather than symptoms) was similar to placebo (1-3%).
Incidence rates at unit doses of 600 mg were approximately 13% and nearer 50% at 1200 mg.
The event rates observed in Phase 1 studies conducted at the clinical pharmacology unit are
likely to represent a worse case scenario. In almost all of these studies maraviroc was given
in the fasted, caffeine-restricted state, with requirements to stand stationary for 2 minutes by
a chair or bed prior to assessment of standing blood pressure. Only at 1200 mg unit doses
were spontaneous cases of symptomatic postural hypotension usually observed and
measured. It was concluded that the 300 mg unit dose was the maximum well tolerated dose
and dose adjustments were planned to provide a 300 mg Cmax equivalent. Postural
hypotension is discussed in further detail in Section 9.7.1.

To further explore the impact of maraviroc on the cardiovascular system a non-invasive
placebo and active controlled (glyceryl trinitrate, GTN) haemodynamic study of 900 mg of
maraviroc was conducted in healthy volunteers. This showed an increase in cardiac index
with maraviroc and a reduction in systemic vascular resistance and stroke index in the supine
position, though supine blood pressure was not affected. The data were consistent with those
expected of a mild vasodilator with a fully compensated haemodynamic response
maintaining supine blood pressure. However postural hypotension was still observed in 3 of
16 subjects.
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Maraviroc inhibits dofetilide IKr binding (14% at 10 fold 300 mg Cmax, and 43% at 30 fold
Cmax). Maraviroc was also shown to prolong QTc in the dog (6 fold) and the macaque

(12 fold). A thorough QTc study (A4001016) evaluating single doses of maraviroc up to and
including 900 mg showed no clinically relevant effect on QTcl compared to placebo (upper
90% CI <7 msec at 900 mg, equating to 2 fold 300 mg Cmax). A multiple dose study was not
considered necessary because of the limited accumulation of maraviroc on multiple dosing.

A population analysis using mixed effects modeling was employed to explore and
characterize the plasma concentration-QTc response relationship. A direct, linear
relationship was assumed i.e. that plasma concentrations are in equilibrium with any effect
on the ECG. This analysis showed that there was a small mean increase in individually
corrected QTclI (less than 3 msec) at 1 and 2 hours post-dose in subjects who received

900 mg maraviroc but not in those who received 100 mg and 300 mg. The estimate of the
slope describing the QT-concentration relationship within the concentration range studied (up
to 2360 ng/mL) was 0.00097; thus, an increase of 1000 ng/mL in maraviroc concentration
might be expected to be associated with an increase in QTc interval duration of 0.97 msec.
The QT:RR relationship was similar pre- and post-dose and was not related to maraviroc
concentration.

The effects of maraviroc on QTc interval is discussed further in Section 9.7.1.
5.5. Drug Interactions
5.5.1. Maraviroc Effects on Other Drugs

Maraviroc has also been evaluated for its effect on other drugs. As expected, it showed no
effect on the oral contraceptive pill, no effect on zidovudine or lamivudine and no clinically
relevant effect on midazolam which is a sensitive probe CYP3A4 substrate (geometric mean
ratio of 118% for AUC) (Table 1).

Table 1. Summary of the Effect of Maraviroc on Other Drugs

Co-administered drug N Maraviroc Dose Ratio (90% CI) of ‘Other Drug’
(dose) Pharmacokinetic Parameters With/Without
Co-administered Maraviroc
(No Effect = 1.00)

AUC,u Cmax
Ethinylestradiol 15 100 mg BID 1.00 0.98
(30 ug QD) (0.95,1.05) (0.91, 1.006)
Levonorgestrel 15 100 mg BID 0.98 1.00
(150 pg QD) (0.92,1.04) (0.93,1.08)
Midazolam 12 300 mg BID 1.18 1.21
(7.5 mg SD) (1.04, 1.34) (0.92, 1.60)
Zidovudine 11 300 mg BID 0.98 0.92
(300 mg BID) (0.79, 1.22) (0.68, 1.24)
Lamivudine 11 300 mg BID 1.14 1.16
(150 mg BID) (0.98, 1.32) (0.88, 1.54)
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5.5.2. Effects of Other Drugs on Maraviroc

As maraviroc is a substrate for CYP3A4 and P-gp, its pharmacokinetics are likely to be
affected by co-administration of inhibitors and inducers of these enzymes/transporters. In
addition, in clinical practice, maraviroc will be co-administered with other antiretroviral
drugs, many of which are known to affect CYP3A4 and/or P-gp activity. Hence, the main
focus of the drug interaction studies has been to understand the impact of CYP3A4 and P-gp
modulation in the complex dosing environment of OBT to be used in Phase 2b/3 studies,
with the aim of guiding dose adjustment recommendations for maraviroc. As maraviroc is
also renally cleared (20.3% of total clearance), with a significant contribution of active
processes, the effect of substrates and inhibitors of renal clearance (tenofovir and
co-trimoxazole) on the pharmacokinetics of maraviroc have also been investigated.

A summary of the effect of drugs on maraviroc pharmacokinetics (geometric mean ratios)
from clinical studies (excluding patient probe studies) is shown in Table 2.
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Table 2. Summary of the Effect of Other Drugs on Maraviroc
Co-administered drug N Maraviroc Ratio (90% CI) of maraviroc
(dose) Dose pharmacokinetic parameters
with/without co-administered drug
(no effect =1.00)
AUC,, Cmax
CYP3A4 and/or P-gp Inhibitors
Ketoconazole 12 100 mg 5.00 3.38
400 mg QD BID (3.98, 6.29) (2.38,4.78)
Saquinavir (Fortovase™) 12 100 mg 4.25 3.32
1200 mg TID BID (3.47,5.19) (2.45, 4.49)
Ritonavir 8 100 mg 2.61 1.28
100 mg BID BID (1.92, 3.56) (0.79, 2.09)
Saquinavir (Fortovase™)/r 8 100 mg 8.32 4.23
1000 mg/100 mg BID BID (6.11, 11.3) (2.60, 6.88)
Saquinavir (Fortovase™) /r 11 100 mg 9.77 4.78
1000 mg/100 mg BID BID (7.87,12.14) (3.41,6.71)
Kaletra™ 8 100 mg 3.83 1.61
400 mg/100 mg BID BID (2.81,5.21) (0.99, 2.63)
Kaletra™ 11 300 mg 3.95 1.97
400 mg/100 mg BID BID (3.43,4.56) (1.66, 2.34)
Atazanavir 12 300 mg 3.57 2.09
400 mg QD BID (3.30, 3.87) (1.72,2.55)
Atazanavir/r 12 300 mg 4.88 2.67
300 mg/100 mg QD BID (4.40,5.41) (2.32,3.08)
CYP3A4 and/or P-gp Inducers
Efavirenz 12 100 mg 0.552 0.486
600 mg QD BID (0.492, 0.620) (0.377, 0.626)
Rifampicin 12 100 mg 0.368 0.335
600 mg QD BID (0.328, 0.413) (0.260, 0.431)
CYP3A4 and/or P-gp Inhibitors and Inducers
Kaletra™ + efavirenz 11 300 mg 2.53 1.25
400 mg/100 mg BID + 600 mg QD BID (2.24,2.87) (1.01, 1.55)
Saquinavir(Fortovase™) /r + efavirenz 11 100 mg 5.00 2.26
1000 mg/100 mg BID + 600 mg QD BID (4.26, 5.87) (1.64,3.11)
Tipranavir/r 12 150 mg 1.02 0.86
500 mg/200 mg BID BID (0.850, 1.23) (0.61, 1.21)
Renal Substrates and/or Inhibitors
Co-trimoxazole™ 15 300 mg 1.1 1.19
800 mg/160 mg BID BID (1.04,1.37) (1.01, 1.21)
Tenofovir 12 300 mg 1.03 1.04
300 mg BID BID (0.980, 1.09) (0.901, 1.19)

Interactions with CYP3A4 Inhibitors

Maraviroc pharmacokinetics in healthy volunteers were evaluated in combination with
saquinavir +/- ritonavir, Kaletra™, atazanavir +/- ritonavir, tipranavir/ritonavir and ritonavir
alone as a boosting dose. Ketoconazole was also studied as a reference CYP3A4 inhibitor.
With the exception of tipranavir/ritonavir, which had no net effect, all other drugs caused an
increase in maraviroc exposure with a range of AUC results increasing from 2.6 fold

(ritonavir 100 mg BID) to 8.3-9.7 fold with saquinavir/ritonavir (2 studies).
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Atazanavir/ritonavir (4.9-fold), Kaletra™ (3.8-4-fold in 2 studies) and atazanavir alone
(3.6-fold) showed lesser effects than saquinavir/ritonavir. In all cases the Cmax increase was
less notable, typical increases being half the increase seen in AUC. This is important as the
dose limiting adverse events with maraviroc appear to be related to Cmax rather than AUC,
and efficacy/potency appears to be driven by AUC/ average concentration (Cave), as
described below. Dose adjustments of 0.5 (Kaletra™) and 0.25 (saquinavir/ritonavir) were
explored and were found to under-correct for AUC (geometric mean ratios compared to
unadjusted maraviroc 158% and 144% respectively) and over-correct for Cmax (geometric
mean ratios compared to unadjusted maraviroc 53% and 61% respectively). The reason for
saquinavir/ritonavir showing the greatest impact on maraviroc pharmacokinetics is unknown.

Interactions with CYP3A4 Inducers

Efavirenz and rifampicin are inducers of CYP3A4 and P-gp. The effect of both drugs on
maraviroc pharmacokinetics was individually studied. They both reduced maraviroc
exposure by 45% or more. Doubling the maraviroc dose restored exposure (AUC) to
approximately 100%. Because of the prevalence of tuberculosis in HIV-1 infected patients
rifampicin is often a desirable component of an anti- tuberculosis regimen, however its
enzyme inducing effects make some concomitant HIV-1 medications difficult to use and not
recommended (e.g., efavirenz). A simple doubling of maraviroc dosing corrects for the
induction, therefore maraviroc may be particularly useful in HIV-1 patients co-infected with
Mycobacterium tuberculosis.

Interactions with Antiretroviral Combinations

The results of these drug-drug interaction studies in volunteers were then supported by single
dose probe studies in patients receiving HAART regimens containing efavirenz, or certain
PIs as anchor drugs, with NRTIs as backbone antiretroviral agents. Consistent results were
seen compared with healthy volunteers. These single dose probe studies also evaluated
maraviroc pharmacokinetics in patients receiving nevirapine, an NNRTI associated with
hypersensitivity and hepatotoxicity and therefore not suitable to study in healthy volunteers
or in patients with higher CD4 counts. Unexpectedly, when compared with historical
controls maraviroc pharmacokinetics appeared to be not affected by nevirapine, which is
reportedly an enzyme inducer and therefore expected to reduce maraviroc exposure. This is
discussed further below.

Inducers and inhibitors are likely to be co-administered as part of HAART or other
supporting treatments. The effect of efavirenz coadministered with saquinavir/ritonavir or
Kaletra ™ on the pharmacokinetics of maraviroc was studied. Inhibition predominates with
AUC of maraviroc still being 5 fold and 2.5 fold higher, respectively, than when maraviroc
was dosed alone.

Interactions with Other Drugs (Including Renal Transport Inhibitors)

The NRTIs are predominantly excreted renally, however tenofovir has been shown to have
the unexpected effect of reducing atazanavir exposure. A study evaluating tenofovir’s
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impact on maraviroc pharmacokinetics showed no effect. Co-trimoxazole affects renal
tubular transport. As maraviroc is excreted to limited extent in the urine, a drug-drug
interaction study was conducted which showed no significant effect.

5.5.3. Summary of Drug Interactions

No drug-drug interaction program can be exhaustive. During the Phase 2b/3 program, 2 new
HIV-1 drugs have been approved (tipranavir and darunavir) and 2 more drugs have entered
expanded access programs (MK 0518 and TMC-125). The drug-drug interaction program
with maraviroc is considered sufficient to develop appropriate labelling for use and has
neglected no important areas. Maraviroc has no clinically relevant effect on a recognized
sensitive CYP3 A4 probe, midazolam, and therefore is considered very unlikely to affect the
pharmacokinetics of other drugs metabolized via this route, including methadone. No pure
P-gp inhibitor has been studied, but it is predicted that complete inhibition of P-gp alone
could not increase maraviroc exposure by more than approximately 30% at 300 mg, which
would be clinically irrelevant (based on the mass balance for 300 mg above (Figure 3) and
assuming that P-gp is solely responsible for the incomplete absorption). Some studies
utilized maraviroc 100 mg BID, as this was initially thought to be the appropriate dose, but
later studies used 300 mg BID. The Kaletra™ drug-drug interaction studies were conducted
with both dose regimens and showed consistent results. Finally, it should be noted that no
effect was seen on the urinary 6B-hydroxycortisol/cortisol ratio at doses up to and including
600 mg QD, suggesting no induction of CYP3A4 in vivo, and no effect on the debrisoquine
metabolic ratio in vivo at doses up to and including 300 mg BID, suggesting no inhibition of
CYP2De6.

In addition, the available drug-drug-interaction data from the maraviroc program provide
evidence that there is no rationale for an interaction between maraviroc and other commonly
co-administered agents, such as HMG-CoA reductase inhibitors (statins) and PDES
inhibitors. Furthermore, the safety profile of maraviroc from the Phase 2b/3 studies was
analysed by the concomitant use of drugs used to lower blood pressure (PDES inhibitors,
antihypertensives, nitrates and alpha-blockers) and no additive adverse effects were
observed.

Drug interaction dosing recommendations are discussed in Section 10.1.
5.6. Population Pharmacokinetics from the Phase 2b/3 Clinical Program

The drug-drug interaction program is comprehensive, covering most drug classes commonly
used by HIV-1 infected patients, and facilitated dose adjustment strategies for the Phase 2b/3
studies utilising an optimised background design. The nominal unit dose was selected to be
300 mg QD or BID, adjusted downwards to 150 mg to correct for Cmax for all PIs (excepting
tipranavir/ritonavir) and delavirdine, with efavirenz recommended to be given with a boosted
PI. Within those studies sparse pharmacokinetic sampling was conducted and a population
pharmacokinetic analysis was undertaken (with the 1049 patients recruited into Studies
A4001027 and A400128 [810 received maraviroc] and all patients on maraviroc in Study
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A4001029 [119]). This analysis used a model originally developed to describe the rich
pharmacokinetic maraviroc data in Phase 1/2a studies to estimate exposure in individuals.

The impact of inducers and inhibitors of CYP3A4 (in the OBT or as additional concomitant
medication) were examined for their influence on maraviroc exposure (using post hoc
Bayesian estimates of pharmacokinetic parameters). Different PIs produced differential
effects on maraviroc pharmacokinetics, the rank order of which is broadly consistent with the
Phase 1 data. The rank order of median Cave from largest change (an approximate 6-fold
increase relative to 150 mg maraviroc alone) to smallest (an approximate 2-fold increase
relative to 150 mg maraviroc alone) was: saquinavit/ritonavir > lopinavir/ritonavir =
indinavir/ritonavir > atazanavir/ritonavir > atazanavir > fosamprenavir. In this analysis
atazanavir/ritonavir appeared to be no more than a moderate inhibitor of CYP3A4, as was
fosamprenavir.

The most important aim of the dose adjustment of maraviroc in the presence of CYP3A4
inhibitors in the background OBT was to correct for Cmax. The figure below shows the
observed plasma concentrations from the Phase 2b/3 studies when maraviroc was given at
150 mg QD and BID (with a CYP3 A4 inhibitor) overlaid on the Phase 1/2a pharmacokinetic
profiles following 300 mg single or multiple (QD or BID) maraviroc dosing (Figure 4).
These data confirm the appropriateness of the dose correction in that there is just one
observed concentration from the Phase 2b/3 studies above the range of the exposures seen in
Phase 1/2a.
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Figure 4. Maraviroc Concentration versus Time After Dose: 150 mg QD and BID
Dose from Combined Phase 2b/3 Overlaid with all 300 mg Phase 1/2a
Maraviroc Concentrations (lines=lowess smooth)
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Taken together, these data indicate that the maraviroc dose modification recommendations
for the Phase 2b/3 clinical studies were successful in limiting Cmax so as not to significantly
exceed a 300 mg dose equivalent (in the absence of metabolic inhibitors), while maintaining
an average plasma exposure that was at or above a 300 mg dose equivalent (median
estimated increase over 300 mg of 1.56 fold for maraviroc QD and 1.73 for maraviroc BID).

In the same analysis, there was no clear difference in the median values between those taking
efavirenz or nevirapine when compared with those not taking these agents in Phase 2b/3, nor
with the Phase 2a reference groups. This is inconsistent with the Phase 1 drug interaction
data for efavirenz. However, the numbers in the subgroups are small and these data should
be viewed with caution. It is therefore considered that nevirapine should be considered an
inducer of maraviroc metabolism and recommended dose adjustments should follow those
for efavirenz (see recommendations for dose selection in Section 10.1).
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5.7. Maraviroc Pharmacokinetics and Antiviral Activity

Early Studies

Maraviroc exerts its anti-retroviral effects by binding to CCRS, leading to an allosteric
change in the receptor such that CCRS tropic HIV-1 cannot recognize and bind to the
receptor and enter the cell. In the clinic, antiviral effects were studied in classic 10 day
monotherapy designs (Studies A4001007, A4001015). Viral load decline should reflect
receptor occupancy and the rate of infected cell turnover. In practice, an experimental ex
vivo CCRS5 receptor occupancy assay was uninformative probably due to the high affinity
and slow offset of maraviroc, with the conjectured high efficiency of the HIV-1 CCR5
interaction, such that high receptor occupancy was seen at low doses of maraviroc but HIV-1
viral load declines were modest. The biological assay deployed has an inherent variability of
10-20%, but it is thought just a few percent of unoccupied receptors will allow viral entry.
HIV-1 viral load decline did, however, correlate to maraviroc dose and exposure (Cmax was
less relevant than AUC). All maraviroc doses of 200 mg/day or more to the maximum dose
studied of 300 mg BID, showed a mean maximal viral load decline of >1.6 log;( copies/mL
following 10 days of therapy. Dose interval (QD or BID), and food (high fat meal BID) had
no significant impact on mean viral load on Day 11.

The presence of CCRS polymorphisms and impact on maraviroc efficacy was evaluated in
these trials. Numbers of patients were limited but no significant effect was observed at the
planned doses.

Exposure-Response Analysis (Phase 2b/3)

An exposure response analysis was performed with exposure and efficacy data pooled from
thesubjects from studies A4001027 and A40010128. The effect of maraviroc exposure and
various prognostic factors on binary viral load endpoints and CD4 count change from
baseline at Week 24 in treatment-experienced HIV-1-infected patients with OBT has been
analyzed using generalized additive models (GAM). For all virology endpoints studied,
amongst other important prognostic factors identified (e.g. baseline viral load and overall
susceptibility score), maraviroc exposure was always a better predictor of response than dose.

The planned interim 24-week analyses for studies A4001027 and A4001028, demonstrated
statistical superiority of both maraviroc QD and maraviroc BID over placebo. In addition, all
of the secondary endpoint results at Week 24 were consistent with the primary endpoint and
support the superior efficacy of both maraviroc treatment regimens over placebo.

Although the studies were not specifically designed to compare the maraviroc QD and
maraviroc BID doses, assessment of the primary and secondary endpoints indicated only
small differences in efficacy between the QD and BID regimens. These findings should be
viewed in the light of a wide and overlapping range of maraviroc concentrations observed in
the 150 mg QD and BID maraviroc treatment