Progressive Multifocal
Leukoencephalopathy

July 31, 2007

Margo Smith, M.D.
Department of Medicine
Washington Hospital Center

+ A 43 y o man with AIDS presents witha 4
week history of ataxia, progressive R hand
weakness, and tremor. On exam he is ataxic
and weak on the R when compared 1o his L
side. He is afebrile, CD4 of 56/mm3 and a
serum toxoplasma antibody was negative on
his first visit to you and he does take TMP-
SMX. You order a MRI and it shows a 2x4-
em lesion in the L cerebellar hemisphere on
the T.-weighted images. There is no
enhancement with gadolinium and no mass
effect noted
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* The most likely diagnosis is?
— A. Toxoplasmosis
—B. Primary CNS lymphoma

- C. Progressive multifocal
leukoencephalopathy {PML)

- D. Pyogenic brain abscess

+ The most likely diagnosis is?
~— A, Toxoplasmosis
— B. Primary CNS lymphoma

— C. Progressive muiltifocal
leukoencephalopathy (PML)

- D. Pyogenic brain abscess

Progressive Multifocal
Leukoencephalopathy

Basics
- JC virus, papovavirus (DNA)
— 1958 first report

— Cytolytic to oligodendrocytes — 5-HT2
receptor

— Demylinaling disease of brain

- Optic nerve and spinal cord oligodendrocytes
not affected




Progressive Multifocal
Leukoencephalopathy

— Asymmetric involvement
= Brainstern ~ more common in AIDS
+ cerebellum
+ cerebral — 10:1 non-AlDS

— Progresses to death rapidly

PML
= Epidemiology
— BK and SV40 related
— 7 Upper respiratory acquisition
-~ Antibody prevalence increases with age
— Latent virus reticuloendothelial system
— No procf of CNS latency

- 2 strains
+ Kidney
« Brain

PML

» Basics
— Immunocompromised
+ AIDS
+ Leukemia
- Symptoms
= Cognitive, personality, motor weakness
« Seizures

PML
+ HIV/AIDS
-2-5%
—Viral DNA in ~ 55% peripheral
lymphocytes
—AIDS defining illness
~CD4 <100
-Dx
« MRI - nonenhancing, no shift
+ CS5F-PCR ~ 80% sensitive 90% specific

TABLE 1. &ML Pauvents at Mayo Clinic: Non-AlIDS
PML-Associated Disease {p = 58)
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PML

HIV/AIDS

—Treatment
* Highly active antiviral therapy
- small studies
» ~ 50% respond
+ ~ 50% progress
« immune reconstitution — BAD NEWS
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PML

+ PML without HIV

— T-cell immunodeficiney

+ Lymphoproliferative disorders

« Chroniz granulomatous diseases

» Solid organ transplantation

* Monoclonal antibody Rx

— MS/Crohn's Rx natalizumab +:1000

= Hematologic makignancy prevalence ~ 0.07%
~M:F=3:2
-- Pk age 60s

Progressive Multifocal
Leukoencephalopathy

No pre-morbid serologic testing available
» No pre-morbid CNS screen available

« No pre-morbid imaging available

» Not clear if there is an at risk subgroup

—~1/3 of healthy urine + JCV-DNA

— Urine +JCV-DNA found more frequentiy
immune suppressed

— +JCV DNA mononuclear cells poor predictor

PML

= Survival
— AIDS — weeks — months
—Non-AIDS — months — cne year
+ Treatment Non-AlDS
—Case reports
* Interleukin-2
* Cytarabine
» Cidofovir

* 5-HT2 serotonin antagonizer - anti-depressant
- Mitazapine = Remeron™

Progressive Multifocal
Leukoencephalopathy

» More questions and no clear answers

— Does prior immune suppression increase risk?
- If so, does the length of time increase risk?

—Is there a role in monitoring antigen specific CD-8
cells?

—Is a risk of 1:1000 reasonable?

Dilemma

Can one predict who is at risk
to develop PML?
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Original Approval for MS (Nov 2004)

Efficacy in MS!
s Treatment effect “unprecedented in the MS field™
= Reduction in relapse rate:

» Monotherapy study: 49%

> Add-on study (for relapsers on IFN-): 42%
= Accelerated Approval — based on 1-year data
» other MS agents 2-year data

1 From Original BLA Review 12510470 by Wilson W. Bryan, M.0. (11/23/04)
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Outline

= Background

» Efficacy
= Induction studies (2)
» Maintenance study
» Subgroup analyses

w Safety

. Jinl GIDAC/DS aRM (Tysabri fer GO) July 31, 2007

BACKGROUND
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Original Approval for MS (Nov. 2004} [cont.]
Safety!

a Infections: ordinary, uncomplicated course
Hypersensitivity: anaphylaxis/anaphylactoid <1%
Depression: small increased trends

» Menstrual disorders

1 From Original BLA Review 125104/0 by Wilson W. Bryan, M.D. {11/23/04)
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PML Cases
= Two cases in MS
s Concurrent Avonex {IFN-3)

» ~2.5-3 yrs Natalizumab before PML symptoms
» One fatal, other disabled

m One case in CD
s Technically on monotherapy
= Prior history long immunosuppressant use
= Bone marrow suppression history

= Fatal
* From Regulatory Briefing Presentation by Susan McDermott, M.D. (2/24/06)
7 i Jont GIDAC/DERM (Tysabr tor GO Juby 31, 2007 3




Review of Possible PML Cases & Risk Estimation

» Detailed retrospective safety analysis of possible cases
of PML from clinical trials!
= 3116 patients (~1/3 CD patients)
= No new cases identified
» Suggested risk PML ~1 in 1000 pts (treated mean 17.9
mo's)
w Risk of longer treatment not known

1. Yousry TA et al., Evatvation of patients treated with natalizumab for progressive
multifocal levkoencephalopathy. N Engl ) Med. 2006 Mar 2;354(9):924-33.
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Prior Advisory Committee Conclusions
{March 2006)

= PML risk not limited to concomitant therapy

= Washout if switching from immune modulators

» First line therapy: Yes 7 vs. No 5

s No additional studies needed for return to
market

g Jaint GIDAC/DSBRM (Tyaabri for CD Juky 31, 2007 -3

Prior FDA Review Conclusions (June 2006)

= Magnitude of treatment effect makes risk
acceptable for some?
= Generally for those who had inadequate response
to / unable to tolerate alternate MS therapies
= Monotherapy
= Studied prospectively
= But limited data to support reduced risk
= Short courses of steroids to treat relapses
reasonable?
= Return to market under TOUCH program

1. BLA Review of 125104/15 by D1,’s Susan 5. McDesmott and Afice Hughes (5/18/06)
2. From Team Leader Memo for BLA 125104715 by Dr. Wilson W, Bryan (6/5/06)
Joinl GIDAG/DSaRM {Tyaabr for ©D July 31, 2007 9
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PROPOSED INDICATION

» “TYSABRI® is indicated for inducing and
maintaining sustained response and
remission, and efiminating corticosteroid
use in patients with moderately to
severely active Crohn's disease with
inflammation, as evidenced by elevated
CRP level or another objective marker.”

Joint GIDACADSARM {Tys abwi for GO} July 31, 2007 16

PROPOSED INDICATION [cont.]

» “Because TYSABRI® increases the risk of
PML, an opportunistic viral infection of the
brain that usually leads to death or severe
disability, TYSABRI® is generally

recommended for patients who have had an
inadeguate response to, or are unable to

toferate, conventional Crohn's disease
therapies.”

Jeint GIDAC/DS aRM {Tysabel for GD) July 31, 2007 11

EFFICACY
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Key Studies

Phase 3 studies

» CD301: Induction (1 CRP post-hoc analysis)
= CD303: Maintenance (CD301 responders)
w CD307: Induction {(1CRP prospectively)

ol GIDAG/DSaRM (Tysawt for CO) July 31, 2007 2

Design (CD301 & CD307)

CD301 CD307

N 905 509
Rand. {Nat:Pl) 4:1 111
Dose 300mg Q4wks X3
1¢ Endpoint Response Wk 10 | Response Wks 8 & 12

2% Endpoint (main) | Remission Wk 10 | Remission Wks 8 & 12

1 CRP Post-hoc (1=660)
Response = CDAJ decrease 70 or more; Remission = CDAT<150; TCRP: > 2.87 mg/L

Prospective

- Joint GIDAGDSaRM (Tysaba o CO) July 31, 2007 16

Concomitant Meds — Across Studies
{CD301, CD303, & CD307)
w Anti-TNF's prohibited

= Continuation of azathioprine, 6-MP, MTX, steroids,
5-ASA allowed

» New CD treatment allowed for rescue therapy
only

Joinl GIDACISaRM (Tysabei for O} July 31, 2007 14

Prior Meds* for CD (CD301 & CD307)

N €D301 (n=905) | €D307 (n=509)
Treatment Nalve 1%* 1%

5-ASA 86% 45%
Steroids 89% 7%
Immunosuppressants 67% 43%
Anti-TNFs 400 48% |

* Includes subjects continuing prior meds as baseline concomitant meds
# <1% Natafizumab, 3% Placebo

Jowt GIDAC/DS aRM {Tysaboi For CD) Juky 31, 2007 7

Induction Studies
(CD301, CD307)

i Jownt GIDAC/DSARM (Tysebri ke GO} July 39, 2007 15

Concomitant Meds at Baseline
(CD301 & CD307)

CD301 CD307
{n=905) (n=50%)
5-ASA 47% 49%
Steroids 39% 40%
Immuncsuppressants 33% 38%
Jaint GIOAG/DS eRM [ Tyszbri for CD) July 31, 2007 [1.]




Induction Study Results

Clinical Response

Induction Study #1 (CD301) - ITT

Response Plac (n=181) | Nat (n=724} | Nat-Plac | p-value
Wk 10 48.6% 56.4% 7.8% | 0.051
Induction Study #1 (CD301) - T CRP Post-hoc Analysis

Response Plac (n=134) | Nat (n=526) l Nat-Placi p-value
Wk 10 44.8% | 57.6% |12.8%| 0.007
Induction Study #2 (CD307) - ITT (T CRP Prospective)

Response Plac (n=250) |Nat (n=259) | Nat-Plac [ p-value
Wks B & 12 32.4% 47.9% 15.5% | <0.001

e
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Induction Study Results
Clinical Remission

Induction Study #1 (CD301) - ITT

Remission Plac (n=181) | Nat (n=724) | Nat-Plac } p-value
Wk 10 30.4% 36.9% 6.5% | 0.124
Induction Study #1 (CD301) - T CRP Post-hoc Analysis

Remission Plac (n=134) | Nat (n=526) | Nat-Plac| p-value
Wk 10 27.6% 39.5% | 11.9%| 0.014
Induction Study #2 (CD307) — ITT {T CRP Prospective

Remission  |Plac (n=250) |Nat {n=259) | Nat-Plac | p-value
Wks 8 & 12 16.0% 26.3% [10.3%] 0.002

Ve

Joint GIDAC/DS &R (Tysahvt for SO Juty 31, 2007
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Subgroup
Analyses of the
Induction Studies

Joint GIDACKDSERM (Tys sl for CD) July 31, 2007
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Subgroup Analyses
Atterpt to identify @ population that might have:
= Higher efficacy
» Greater medical need
Higher severity & more refractory - Possible surrogates:
= CDAI score at baseline (may vary with disease activity)
= Prior medication use
» Failures of prior meds {no rigorous criteria to identify)
Determine if similar efficacy: monotherapy vs.
concomitant immunosuppressants or steroids
=« Ng prospective monotherapy study
Limitations of exploratory subgroup analyses

Jonl GIDAC/DSaRM (Tysabe for CDY Juy 3, 2007 Erd

Subgroup Analyses [cont.]
Subgroup Analyses:
1) Baseline CDAI - quartiles
2y Prior Meds
3y Inadequate Response to Prior Meds
4 Concomitant Meds

Treatment effect in each subgreup generally
similar to overall

Jaint GIDAC/DSaRM {Tysab tor GD) Judy 34, 2007 3

Baseline CDAI (CD301 high CRP)
Clinical Response Wk 10

Quartiles (Baseline CDAI score) Plac | Nat | Nat-Plac
Overall 45% | 58% 13%
1: 165-256 8% | 51% 13%
2: 256-293 50% | 63% 13%
3 293-345 42% | 59% 17%
4: 345-518 49% | 57% 9%

i, Joint GIDACDSaRM {Tysabei for CD) July 31, 2007 24
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Baseline CDAI (CD307)

Clinical Response Wk 10
Quartiles (Baseline CDAI score)} Plac | Nat | Nat-Plac
Overall 32% | 48% 15%w-1
}? 147-250 31% | 44% 13%
2: 250-286 36% | 46% 10%
3: 286-342 33% | 51% 18%
4: 342-483 30% | 52% 22%

Joint GIDAC/DS aRM {Tysabri for CDY July 33, 2007
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Inadequate Responders to Prior Meds
{CD301 Elevated CRP Subset)

Clinical Response Wk 10
Inadequate Responders (% popin)| Plac | Nat | Nat-Plac
Overall (100%) 45% | 58% 13%
Stergids (62%) 46% | 56% | 10%
Immunosuppressants (47%) 44% [55% | 11%
Anti-TNF Agents (27%) 36% | 48% 12%
.- Jor GIDACIOSaRM (Tysatr for GO} July 31, 2007 E]

Prior* Meds Inadequate Responders to Prior Meds
{CD301 Elevated CRP Subset) (CD307)
Clinical Response Wk 10
P Clinical Response Wks 8 & 12
Prior* Med Plac | Nat | Nat-Plac
Overall (100%) 45% | 58% 13% Inadequate Responders (% popin)[ Plac | Nat | Nat-Plac
Steroids (51%) 43% | 56% 13% Overall (100%) 32% | 48% 15%
Immunosuppressants (36%) 44% [ 53% 8% Steroids (a1%) 29% | 42% 13%
Anti-TNF Agents (40%) 31% | 54% 23% Immunosuppressants (37%) 26% | 43% 18%
™ Does not include concemitant meds Anti-TNF Agents (30%) 13% | 39% | 26%
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Prior* Meds (CD307) Concomitant Meds
(CD301 Elevated CRP Subset)
Clinical Response Wks 8 & 12
Clinical Response at Wk 10
Prior* Med (% Popin) Plac Nat Nat-Plac Concomitant Med* (% popln) Plac | Nat ] Nat-Plac
Overall {100%) 32% | 48% 15%
Steroids (52%) 3% | 48% | 17% Overall (100%) 5% | 58% | 13%
0 0,
Immunosuppressants (36%) | 24% | 44% 20% Monotherapy (35%) 7% | 64% %
- Steroids (47%) 40% | 52% | 13%
Anti-TNF Agents (48%) 21% | 37% 16%
Immunosuppressants {37%) 35% [ 57% | 22%
* Does not include concomitant meds
* inchudes baseline therapy and rescue therapy whie on study
- Jeint GIDAC/DSARM (Tysabri for CD) July 39, 2007 27 o Joint GIBAC/DSaRM (Tysabrl fr COY Juty 31, 2007 0
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Concomitant Meds (CD307)

Clinical Response Wks 8 & 12
Concomitant Med* (% popln) Plac Nat Nat-Plac
32% | 48% 15%

Overall (100%)

Monotherapy* 24%) 37% | 66% 29%
Steroids (44%) 31% | 42% 10%
Immunosuppressants (3s%) | 32% | 44% 12%

* includes baseline therapy and rescue therapy while on study
* Monotherapy: defined as no immunosuppressants and no steroids used concomitanty

Joint GIDAC/DSaRM (Tysabei for €O} July 31, 2007 3t

Concomitant Meds* — CD303

CD303 (n=339)
5-ASA 51%
Steroids 40%
Immunaosuppressants 39%
Anti-TNfs 1%*

* During the treatment phase of CC3¢3; 7% on no concomitant CO meds.
* Not permitted by protecol; were all in placebo group
N=338: Overali safety population {responders from Study CD301)

Joiet GIDAGDSaRM (Tysabrl far GO July 31, 2007 S

Maintenance Study
(CD303)

Jednt GIDAC/DSRM [ Tysabri for S0 July 33, 2007 3R

Maintenance Study Results (CD303)
Maintenance of Response

Plac N Nat- | Pval
mr [n=170] [n=fé8] Plac oue
Month 9 28% 61% 33% | <0.001
Month 15 20% 54% 34% | <0.001

Plac e -
1CRPY (n=128) (= .‘; 59) %’fﬁ' prabe
Monti 9 26% 61% 35% | <0.001
Month 15 19% 54% 359% | <0.001
* 1 CRP at basefine of Study CO30I (Induction)

Joint GIDAC/DSaRM { Tysabei for CD) July 31, 2007 35
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Maintenance Study Results (CD303)
Maintenance of Remission

Design — Study CD303 (Maintenance)
Pepulation CD301 Responders at Wks 10 & 12
Eligibility Mildly Active {150sCDAI<220) at Wk 12 or
Criteria Remission (CCAI<150) at Wk 12
N 428
Dose 300 mg Q 4 wks X 12
Rand. 1:1 (Nat:Pl)

Analysis CD301 Natalizumab Responders Population {n=339)

19 Endpt Maintenance of Response Through Month 9

19 Endpt (£2) Maintenance of Remission Through Month 9

27Endpt Steroid Taper from start of CD303

CRP Not part of entyy critetia (Post-hoc anaiyses done)
e Jeint GIDAG/DSaRM (Tysabti for COJ July 34, 2007 33

Plac Nat Nat-Plac [ P vafue
T [n=120] | [n=130]
Month 9 26% 44% 18% | 0.003
Month 15 15% 39% 24% | <0.001
1CRP¥ Plac Nat Nat-Plac | p value
(n=94) (n=98)
Month 9 25% 47% 22% 2002
Month 15 14% 42% 28% | <0.001
*1 CRP at baseline of Study CD301 (Induction)
e Jeint GIDACDES aRM (Tysabei for GO) July 31, 2007 36




Prior Meds* (CD303)

1) Baseline CDAI - Quartiles

2) Prior Meds

3) Inadequate Response to Prior Meds
9y Concomitant Meds

Treatment effect in each subgroup generally
similar to overall

. Joint GIDAGIDEARM (Tysabri for CD) July 24, 2007 E)

Response through Mo. §
Prior Med* (% popin) Plac Nat Nat-Plac
Overall (100%} 28% | 61% 33%
Su bg rou p_ Ana |YSes Steroids (46%) 35% | 60% | 25%
Of th e M a l I‘I te n a n Ce Immunosuppressants (32%) 17% 51% 34%
Anti-TNF (36%) 10% 58% 489%
Study S L Mt
* Not concomitant
Jainl GIDAC/ISRM {Tysabel for S0) July 31, 2007 ar e Jont GIDAC/DSARM (Tysabr for CO} Jury 31, 2007 40
Subgroup Analyses Inadequate Responders* to Prior Meds (CD303)
s Subgroup Analyses:

Response through Mo. 9

Inadequate Responders* (% popln) | Plac | Nat |Nat-Plac
Overall (100%) 28% {61% | 33%
Steroids (61%) 32% [ 60% | 28%
Immunosuppressants (44%) 21% | 58% | 38%
Anti-TNF (21%) 12% | 53% | 41%

* Inadequate Response defined as unresponsive of intolerant to prior meds.
For stercids, “inadequate response” alse includes steroid-dependent,

;e Jont GIOACYDISARM {Tysabri Tor COY July 31, 2007 a1

Baseline CDAI (CD303)
Response Through Mo. 9

Quartiles {Basetine CDAI score} | Piac | Nat | Nat-Plac
Overall 28% | 61% 33%
1: <=67 38% | 65% 28%
2: 67-110 32% | 73% 41%
3 110-150 33% | 61% 28%
4: 150-254 13% | 43% 30%
e Joint GIDAG/DSaRM {Tysabri for GD) July 31, 2007 E:)

Concomitant Meds (CD303)
Response through Mo, 9

Concomitant Med* Plac | Nat | Nat-Plac
Overall {100%}) 28% |(61% | 33%
Maonotherapy® (36%) 37% | 66% 29%
Steroids (47%) 22% | 54% 31%
Immungsuppressants (38%) 26% | 65% 39%

* includes. baseline therapy and rescue therapy while on study
* Monokherapy defined as po steroids and no steroids used concomitantly

g Jaknl GIDAC/DS aRM [Tysebr for CD) July 31, 2007 a




Efficacy
Summary
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Efficacy Summary (cont.)

Subgroup analyses:
» Treatment effect geperally similar across subgroups
» Analyses were exploratory
= No definitive impact on treatment effect from:

= CDAI

= Prior meds

» Inadequate response to prior meds
= Monotherapy - no dear impact on treatment effect

Joant GIDAC/DSARM {Tysabn for OO) duty 31, 2007 a8

Efficacy Summary
Induction:

» Study 301

» A retrospective analysis of TCRP showed a
treatment effect of 12.8%

= Treatment effect for the entire study was 7.8%

= Study 307:

» Consistent with the finding in the subgroup
analysis of Study 301

» Treatment effect of 15.5% (p<0.001)

= No confirmation that TCRP predicts response

P Jedrd GIDAC/DSeRM (Tysabri for CDY) July 31, 2007
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SAFETY

Joinl GIDAC/DSARM {Tysabe far COY July 31, 2007 47

Efficacy Summary (cont.)
Maintenance:

s Efficacy demonstrated in overall population of

induction responders,
= 33% treatment effect (p<0.001)

= Subset with TCRP at baseline had a similar

response.

= No adjustments made for secondary
endpoints including steroid withdrawal.

. Joint GIDAC/DSaRM {Tysabe for CO) July 31, 2007

Previous FDA Safety Review (June 2006)
* Non-PML safety issues identified in review by Neurg*:
1) Infections other than PML - concern of;
— Herpes infections
- lower resp tract infections (espec atypical)
- viral meningitides
2) Carcinogenicity - no clear increase in risk:
- MS controlled studies: higher in placebo group
- CD controlled studies: higher in natalizumab
group
3) Immunogenicity - ~ 10%
4) Hypersensitivity — assoc with immunogenicity

* Advisory Committee Presentation by Alice Hughes, M.D. (3/7-8/06)
i Jeint GIDAC/DS aRM {Tysebrl for GO July 31, 2007 [




Current Application Safety Review

As no new cases of PML, emphasis on:
= Infections (overall, serious, atypical)
» Malignancies

» Deaths

Jeenl GIDAC/TISSRM (T yasbe for 1) July 31, 2007 49

MS & CD Studies: Exposure to 300 mg
Fixed Dose*

MS cb* Total
Total Exposed 1937 1343 3315
= 1yr 1240 518 1839

*Short- & Long-term Dosing in CD: ANl D studies but CD359 (a=40} and CD306{n=79) included.

* Design of the table above from Alice Hughes, M.D.'s Regulatory Briefing
Presentation 2/24/06 and modifiedfupdated based on data in the submission.

S Jaint GIDAG/DS R (Tygabr) for ©D) July 31, 2007 50

CD — Overall* Exposure Duration &
Concomitant Meds During Time Intervalsg{

Exposure* to Natalizumab

Duration Total z1yr 22yr | 22.5yr
No, Doses =1 =13 =25 231
No. Subjects 1563 509 294 81

Concomitant Meds During Time Interval

Time Interval O-1yr 1-2yr | 2-2.5yr } 2.5yr+
Monotherapy 20% 20% 20% 23%
Sterold 65% 64% 64% 58%

Immunosuppressant | 48% 51% 50% 53%

*Short- & Long-term Dosing in CD: All CD studies but CD354 (n=40) and CD306{n=79) included,

. , Joitl GIDAC/DS ARM (Tystbrl for CD July 3t. 2007 51

Selected Infections
{Short-term Controlled CD Studies)

Plac (n=506) | Nat (n=1182) |
Infection 36% 40%
Upper Resp Tract 22% 27%
Lower Resp Tract 3.4% 3.1%
Ut 1.4% 2.6%
Herpes Simplex 0.8% 1.3%
o ot CIDACIDSSRM Ty o €0) July 31, 2007 w2

Serious Infections
{Short-term Controlled CD Studies)

Plac (n=506) | Nat (h=1182)
Serious Infection 12 (2.4%) 29 (2.5%)
Abscess 7 (1.4%) 13 (1.1%)
Viral Meningitis 0 2 (0.2%)
Cytomegalovirus 0 1(<0.1%)
Infection
N Joint GIDACIDS aRK { Tysabrt for CDJ July 31, 2007 53

Serious Infections [cont.]
(Short-term Controlled CD Studies)

= CMV colitis
w after 2 doses
= concom. azathioprine
= Viral meningitis case #1
= after 1 dose
= concom. budesonide
= Viral meningitis case #2:
= after 2 doses
= concom. prednisone & 6-MP

| ik Jokt DACTDSBRM (Tysabr for €0) hay 31, 2007 54




Serious Infections
(Short and Long-term CD Studies)

» Six serious herpes infections

# Nat {Concomitant

Doses Steroids/Immunosuppressants
Vaginitis 1 -
Zoster - 12 yjo 1 --
Zoster - 28 y/o 2 prednisone 15 mg/d
Conjunctivitis 3 azathioprine
Varicella pneumonia 7 -
Zoster — 25 y/o 11  [prednisclone and azathioprine

. Joinl GHDACIDS aRM (Tysabii for CD) July 31, 2007 5

Deaths

» 18 deaths in the natalizumab development program
s 14 in natalizumab-treated subjects
u 6 in MS studies
» 6 in CD studies
» 2 in RA studies
= 4 in placebo-treated subjects

Deaths in Placebo-Controlled Studies*
MS cD
Placebo Natalizumab Placebo Natalizumab
0.26% 0.12% 0 0.17%
(3/1135) (2/1617) {0/506) (2/1182)

* Values in table from BLA Review 125104/15 Alice Hughes, M.D. and Susan 5. McDermott, M.D.
(5/18/06); values same a5 no new deaths in placebo-controfled studies as per submission.
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Serious Infections [cont.]
(Short & Long-Term CD Studies)*
» Six atypical lower respiratory tract infections

# Nat | Concomitant

Doses | Steroids/Immunosupp
Burkholder cepacia infection 3 |Prednisone 20 mg
Mycobacterium avium 5  [Prednisone 60 mg &
intraceltulare complex pneumonia tapering
Varicefla pneurmnonia 7 I-
Pulmonary aspergillosis* 1¢ | Prednisolene 50 mg
Pneumonia with lung abscess 11 |Aza3ws
Pneumocystis carinii pneumonia? 33 |-

# Compilcated by bacterial infectious processes; outcome was death

* Clinical Review of 125104715 by Alice Hughes, M.D, and Sue McDermott, M.D. (5/18/06)
e Joint GIDAC/DSaRM (Tysabri for CD) Juty 31, 2007 %

Deaths - Selected Cases
w Infections:
» PML case in MS pt — 37 Nat infusicns
= PML case in CD pt — 8 Nat infusions
= PCP pneumaonia in €9 y/o CD pt - 34 Nat infusions
» Pulmonary aspergillosis in 73 y/o CD pt ~ 10 Nat
infusions
w Malignancy:
= Metastatic malignant melanoma in 38 y/o MS pt - 5
Nat infusions; hx malignant melanoma excised; lesion
noticed at time of 1% or 279 Nat infusion

» Suicide:
s 27 y/o MS pt — 6 mos after 315 Nat infusion
Kt Joint GIDAC/DSaRM {Tysabn for GO} Ady 311, 2007 55

Malignancies

MS Studies:

Plac [n=1135} Nat [n=1617]
Incidence 1.3% {15) 0.7% (11)
Rate* 0.73 0.38
* Per 100 person-yrs
CD Short-term Studies:

Plac [n=506] Nat [n=1182]
Incidence (.2% (1) 0.6% (7)
Rate* 0.60 1.60
* Per 100 person-yrs

B Joinl GIDAG/DS sRM (Tyaabri for SO} Juky 31, 2007 s7

Immunogenicity
u Ab {+)} ~ 10% of those tested

= Ab (+)}: Monotherapy > Steroids > Immunosupp.
= CD301: 12% vs. 5% vs. 2%
w CD307: 13% vs. 10% vs. 5%

= Clinical Response (Induction): Ab {+) < Ab (-}
» CD301 (Response Wk 10): 43% vs. 58%
» CD307 (Response Wks 8 & 12): 41% vs. 50%

ik Joint GIDAC/DSaRM [Tysaba Fet GO July 31, 2007 60
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Immunogenicity [cont.]

= Ab (+) associated with infusion reactions:
headache, nausea, urticaria, flushing, pruritus,
fatigue

= Rates of anaphylactic/anaphylactoid reactions in
Natalizumab-treated patients:

» MS controlled studies: 0.4%
n CD short-term studies: < 0.1%
w No cases in Ab (-}, but not all tested

Joint GIDACIDS ARM {Tysabri for CD) July 31, 2007 (3]

Risk-Benefit Considerations

® Therapeutic gains were modest in the induction
studies {~8-15%), but higher in the maintenance
study (~33-35%)

m Evidence for efficacy in subgroups based on
exploratory analyses

m  No population clearly has superior efficacy

®  Management of CD commonly involves steroids
and/or immunosuppressants

® Risk factors for PML unknown

m Long-term safety data in CD are limited (~500 for
>1 yr; ~300 for >2 yrs)

T Joint GIDAC/DSaRM {Tysebri for GD) sy 31, 2007 B

Clinical Trials Safety Summary

» No new safety issues identified since June
2006 review.

1) PML

2) Infections other than PML: Herpes
infections, lower resp tract infections
{espec atypical), viral meningitides

3) Carcinogenicity - no dear increase in
overall risk

4) Hypersensitivity

Joinl GDAC/DSARM {Tysabxl for CD) July 31, 2007 [+]

Risk-Benefit Considerations [cont.]

m Safety issues other than PML
m Risk Management

® Role of prior history of immunosuppressant
drugs

® Role for JCV serum / MRIs / Neuro exams (by
neurciogist) as screening tools for PML

®m Possibility of additionat safety andfor efficacy
studies

PO Jolnt GIDAC/DSoRM (Tysabr for ©O) July 31, 2007 5

= Concurrent therapies that are allowed/restricted

DISCUSSION

e Jaint GIDAC/DS aRM (Tysabl for GO) Juiy 3%, 2007 63

CDER FDA Review Team

—
Mariene Swider, M.H.5.A.

Statistics {QFS)
Lisa Kammerman, Ph.D.,, Reviewer
Michael Welch, Ph.D., Team Leader

Anil Rajpal, M.D.,, Reviewor CEncal Pharmacology [OCE)

John Hyde, Ph.D,, M.D,, Team Leader Ambol; de, Ph.D.,

Joycw Kervick, M.D., M.P.H,, Deputy Directer, DGP | Christopher Tornoe, Ph.D., Reviewer
Daniel Shames, M.D., Director {Acting}, DGP Sue Chih Lee, Ph.D., Team Leader
Julle Beitz, M.D., Director, ODE IIT

Product (DM}

RiskMAP Review Team (DORE, OSE) Elena Gubina, Ph.D., Reviewer
Clandix Karwoski, Pharm.D., Team Leader, OSE
Mary Willy, Ph.D,, Team Leader, OSE

Ann Corken, R.Ph., M.P.H., Safaty Evatuator, DDRE
Charlsne Flowats, R.Ph., Safety Evaluator, DDRE
Mark Avigan, M.D., C.M., Director, DDRE

Ellis Unger, M.D,, Deputy Director, OSE

Gerald Dal Pan, M.D., M.H.5,, Director, OSE
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Tysabri® (natalizumab) Risk

Advisory Committee and the Drug Safety and Risk
Management Advisory Committee

Claudia B. Karwoski, Pharm.D.,
Risk Management Team |.eader
Office of Surveillance and Epidemiciogy
July 31, 2007
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Center for Drug Evaluation and Research

TOUCH Prescribing Program

¥ * Performance-linked Access System

RiskMAP

—Reguires documentation of safe use before
the patient can be treated with the product

— Often requires participation of all parties
involved in the prescribing, dispensing, or
administration of the product

— It is the rigorous of the 3 categories of
RiskMAPs

—Has some disadvantages but also has some
evidence of effectiveness in minimizing risk

Johnt Masting of tha GIDAC aha C3aRM AC
Wt July 37, 200 +

Overview

+ TOUCH Prescribing Program
— Key Elements of MS-TOUCH
— Experience with TOUCH in multiple
sclerosis (MS) patients
— Proposed features of CD-TOUCH
~ Additional considerations in Crohn's
disease (CD) patients
« Postmarketing Safety Update

. Joint Meging of the GIDAG snd DSaRM AC
o SEeS Juby 31, 200 2

TOUCH Goals

il Risk minimization goals:

— To promote informed risk-benefit decisions
regarding natalizumab use

—To minimize the health consequences of PML
{e.g., death, disability)

—To minimize the risk of PML

doint Masting of the GIDAC mnd DSsRM AC
o itk Sy a1, 2007

Reintroduction to US Market

i+ PCNS AC recommended return to market
[ based on magnitude of efficacy
- Treatment effect as monotherapy at 2 years*
* Reduction in risk of progression of disability: 12%

] * Reduction in annualized relapse rate: 4%

* PCNS AC also recommended a RiskMAP that
includes mandatory registration and restricted
distribution

*PCNS AC FDA Briefing Document, February 9, 2006

Saint M of e GIDAS wnd DISRM AC
1 s uly 31, J001 3

TOUCH Goals

» Risk assessment goals:

- To determine the incidence and risk factors
for PML and other serious opportunistic
infections (Ol) with natalizumab treatment

—To assess further the overall safety profile
of natalizumab

- . dokt Mesting of the CHOAC and DInRM AG
TR Ly 33007




Key Elements of MS-TOUCH

» Mandatory enroliment of prescribers, patients,
infusion sites, and afflilated central pharmacies

= Controlled distribution to authorized infusion
sites and pharmacies

» Education program for heaith care providers and
patients

+ Safety surveiltance of PML, serious Ol, and
deaths

+ Program evaluation of health ocutcomes, process
compliance, and assessment of knowledge

Joind Magling of the GIDAC and DSaRM AC
teose July 3t 708

MS-TOUCH Methods to Minimize
the Risk of PML

* Program reinforces:
—~ Appropriate patient selection

— Risk communication to HCPs and
patients

— Close patient monitoring

... Joint Mesting of thy GIOAC and DSaRM AC
Lol Jakyd1,2

How Does MS-TOUCH Work to
Meet Its Risk Minimization Goals?

. Jolrtt Msting of the GIDAS snd GSAM AC
¢ faedm. Juy 21, 200

Prescribers Role in Minimizing Risk

« Appropriate Patient Selection
— At enrollment prescribers indicate that they
acknowledge:

+ Their patient has relapsing form of MS based
upon clinical and radiclogical evidence

* Indicated as monotherapy

+ Generally recommended for patients who have
had an inadequate response to, or are unable to
tolerate alternative MS therapies

s dolat of the GIDAC #nd DEaHM AC
i Juky 39, 2007 "

Challenges in Minimizing
Risk of PML

- Risk factors for natalizumab-associated
PML are not known

* No known effective non-invasive
laboratory test to monitor for PML

+ May not be preventable

* No known effective treatment

Jalnt Maating of the GIDAC and DSaRY AL
.+ trtme oy 81, 2007

Prescribers Role in Minimizing Risk

» Every 6 months
* Prescriber determines whether patient is
still appropriate for natalizumab
treatment
» An interim history is collected as part of
the re-authorization process

- Masilng of nnd DSaRM AC
ik m«n‘}m of the GIDAS .




Prescribers Role in Minimizing Risk

MS-TOUCH recommends close monitoring
— Routine evaluation of patientat3 and &
months after the first dose and every 6
months thereafter
— More frequent evaluation if contacted by the
infusion site andfor patient
— For symptoms suggestive of PML
+  Suspension of natalizumab dosing and further
evaluation
= K clinically indicated, obtain MRI of the brain and
cerebrospinal fluid for JC viral DNA

Jalal Mesting of the QIDAC and DSsRM AC
s Juby M, 2007 ALS

Patient’s Role in Minimizing Risk

Acknowledge their awareness of risks
Understand the required monitoring

Report new or worsening symptoms

Provide a list of all medicines and treatments
to each scheduled infusion appointment

Jolnt Maating of e GIDAC aid DESRM AL
s guly 1M, 2000 "
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Infusion Site Staff
Rote in Minimizing Risk
Before every infusion, staff determine if
patient:
—is authorized to receive natalizumab

—has received and read the Medication
Guide

doint Hasting of the (HGAG snd DSSM 4G
31, 200;

Postmarketing Experience with
MS-TOUCH

. Juint Meating of the GIDAC and D3aRW AL
daverr Juky n.:na"?

Infusion Site Staff
Role in Minimizing Risk

Screening for possible symptoms indicative of PML
and inappropriate use
- Have you experienced any new or worsening
medical problems (change in thinking, eyesight,
balance, strength or other problems)
— Do you have a medical condition that can weaken
the immune system?
— Have you taken any medicines that weaken the
immune system?
- Have you taken any systemic steroids {other than
for recent MS relapse{?
A "yes” response prompts a call to the prescriber for
authorization to infuse natalizumab

Jaint f the GIDAC and DEsRM AL
D davma Ty 91, 2067 - 15

Post-Marketing Exposure

» 16,900 patients worldwide
» 13,745 US patients
— ~7,500 during Initial marketing period
- 8,313 TOUCH patients infused Tysabri
* 6,245 treated for the first time

« 38,898 total infusions; median of 4
infusions/patient

* 2,100 exposed for 6-12 months
* None > 1 year of continuous use

Data derived from Biogen Idec; exposure as of May 23, 2007
| Maering of the GIDAC and DSsRM AC

H Soin|
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MS-TOUCH Safety Surveillance

* There were no reports of PML in the postmarketing
period

- Two reports of other serious opportunistic infections:

Source Age/ Diagnosis |#of Outcome
Gender Infusions

Foreign 26 Herpes 7 Hospitalized,

Spontaneous | Female ; Zoster treated and
discharged

us 26 Herpes ~6 Hospitalized,

Spontanequs [ Male esophagltis treated and
discharged

J0int Warating of the GIDAC and DSsRM AC
i duiy 31,3007 "

Pre-infusion Patient Checklist

»  About 8% (3,123) of all checklists required
prescriber contact and authorization
— Overall good compliance, only 3 infusions
occurred when authorization was not granted
+  “Yes” responses to questions

Changes in medical problems 5.4%
Concurrent immunosuppressant or 1.5%
Immunomedulatory agents

Concurrent systemic corticosteroid 2.3%
Concomitant condition that may weaken the | 0%
immung system

Jolt Masiing of the GIDAC and DIRM A
Auted Juky 34, 200

Baseline Patient Data

* Demographics
- Gender:
* Women 5,925
* Men 2,381
* Unspecified 7
— Median age 46 years

. Joint Maating of the GIDAT nad DSaRM AG
el Juym,zu:?a
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Prescriber Reauthorization

« Prescriber is required to complete the Patient
Stafus and Reautharization Form every 6 months

Percent of Patient Status and Re-authorization |99.6%
questionnaires completed

Percent of patient reauthorized to continue 96.1%
natalizumab
Concurrent immunosuppressant, immuno- ~3%

modulatory agents, or chronic corticosteroids

Intermittent courses of corticosteroids (allowed |9.4%
in TOUGH)

|

Baseline Patient Data

+ Prior MS therapy

— 2.63% were naive to MS therapy

— Recent therapies
* Avonex {interferon beta 1a) 29%
» Copaxone (glatiramer acetate) 27%
* Rebif {interferon beta 1a) 18%
* Natalizumab 6.4%, ~25% had received

natalizumab sometime in the past

+ ~25% had received combination therapy
* ~12% indicate recent immunosuppressant use

Jolnk Mustl ID:
s, M".-zwvyoﬁmoo AC and DSaAM A n

Other RiskMAP Evaluation
Components

* HCP (prescriber and nurse} survey
- High percentages of correct responses to
guestions:
+ Knowledge of the key risk management
messages
+ Actions taken to minimize the risk of PML
- Distribution data
- Only 10 of >10,000 shipments were
unauthorized {sent to patients or prescribers
address)

- Jodee f the GIDAC wnd DSaRM AL
T isitea Jugy 3 R00T 24




Summary of MS-TOUCH
Experience

+ At this time the TOUCH program appears
to be working satisfactorily in the MS
population
- No additional cases of PML since
reintroduction

- Primarily used as monotherapy

— Good compliance with RiskMAP processes

— Surveys indicate a high level of understanding
of the risks and requirements of the RiskMAP

— The postmarketing experience is relativety
short

Joint Mesting of the GIDAG +nd O3aAM AG
et Juby 11, 200 25

Differences

» CD-TOUCH allows for concomitant use of
chronic steroids. CD-TOUCH prescriber
acknowledgement includes the following
statement:

“Patients recelving steroid therapy at the time of
Tysabri initiation should undergo a steroid taper
regimen once a chinical response is achieved.
Steroids should be discontinued no later than 6
months after Tysabri initiation. If this is not
ossible, Tysabri therapy should be discontinued.
ntermittent short courses of steroids are
permissible to treat acute disease flares.”

Joint Mysting of he GIDAC snd OSaRM AC
0wt July 31, 2001 EL ]

Proposed CD-TOUCH

- Process for enrollment, reauthorization,
and follow-up are the same
= Minor Differences:
— MS patients are enrolled in MS-TOUCH,
CD patients are enrolled in CD-TOUCH
— Educational materials will be updated to
include use in CD

i ot Mesting of tha BIDAC and DSaRM A
e Fuby 39, 2007 - 16

Differences

* Questions 3 and 4 on the Pre-infusion
Patient Checklist have minor differences
— In the past month, have you taken medicines
to treat cancer or MS [or CD] or any other
medicines that weaken your immune system?
— In the past month, other than for the treatment
of a recent relapse [flare], have you taken any
of the following medicines {common
medicines for each disease listed)?
- May need further customization if
concomitant therapy permitted

us s Jolm Masting of the GIDAG snd DEsRM AC
o REAeE Juby 31, 2001 w

Differences

» CD-TOUCH does not emphasize monotherapy to
same extent as MS-TOUCH

The prescriber acknowledgement section
includes the following statement for each
program:

MS-TOUCH GCD-TOUCH

TYSABRI is indicated as |TYSABRI is indicated for
monotherapy for the treatment of moderately
relapsing forms of MS to severely active CD

. 4ol Musling of the GIDAC and DEaRM AC
< e 3uly 31,7007

Special Considerations in Crohn’s
Disease Patients

The appropriate patient and how these patients
would be identified in clinical practice

The hest way to monitor the CD population for
PML

Whether concomitant immunosuppressive and
immunomodulatory therapy will be permitted
Whether the concurrent use of chronic steroids
for 6 months is acceptable

How flares of CD will be treated

: Jolot Masting of the GIDAC and DSaRM AG.
e kg o1, 50T







