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HUMIRA

(adalimumab)

Human mAb against TNF-a, discovered
using phage display

“ A Pipeline of Products in a Single
Medicine”

e Indicated for Rheumatoid Arthritis,
Crohn’s, Psoriasis, JRA, Psoriatic RA, i
Ankylosing Spondylitis HRFQ

Helping >400,000 patients worldwide

Launched 2003, sales growth
>20%/year, currently at annual global
rate >$6 billion/year, could become top

selling medicine by 2014-16 Abbot
Qmmunology
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Reshaping human antibodies for therapy

Lutz Riechmann’, Michael Clark’, Herman Waldmann" & Greg Winter*

MNATURE VOL. 332 24 MARCH [9EX

MRC Laboratory of Molecular Biology, Hills Road, Cambridge CB2 2QH, UK
* Department of Pathology, University of Cambridge, Tennis Court Road, Cambridge CB2 1QP, UK

A human IgGI antibody has been reshaped for serotherapy in humans by introducing the six hypervariable regions from
the heavy- and light-chain variable domains of a rat antibody directed against human lymphocytes. The reshaped human
antibody is as effective as the rat antibody in complement and is more effective in cell-mediated lysis of human lymphocytes.

IN 1890 it was shown that resistance to diphtheria toxin could
be transferred from one animal to another by the transfer of
serum. It was concluded that the immune serum contained an
anti-toxin, later called an antibody'. For many years animal
antisera were used in the treatment of microbial infections and
for the neutralization of toxinssin man’., More recently rodent
lets to kill and to image tumours™®. The foreign immuno-
globulin, however, can elicit an anti-globulin response which
may interefere with therapy’ or cause allergic or immune com-
plex hypersensitivity’. Thus ideally human antibodies would be
used. Human immunoglobulins are widely used as both prophy-
lactic and microbicidal agents®, but it would be far better to
have available human mAbs of the desired specificity. It has
proven difficult, however, to make such mAbs by the conven-
tiOm{aI route of immeortalization of human antibody-producing
cells’.

There is an alternative approach. Antibody genes have been

transfected into lymphoid cells, and the encoded antibodies
expressed and secreted; by shuffling genomic exons, simple
chimaeric antibodies with mouse variable regions and human
constant regions have been made'”"'?. Such chimaeric antibodies

T Address from April 1988; Department of Molecular Biology, The
Research Institute of Scripps Clinic, North Torrey Pines Road, La Jolla,
California 02937, USA

1 To whom correspondence should be addressed.
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have at least two advantages over mouse antibodies. First, the
effector functions can be selected or tailored as desired. For
example, of the human IgG isotypes, IgG1 and [gG3 appear to
be the most effective for complement and cell-mediated lysis'*~'*,
and therefore for killing tumour cells, Second, the use of human
rather than mouse isotypes should minimize the anti-globulin
responses during therapy'®'” by avoiding anti-isotypic anti-
bodies. The extent to which anti-idiotypic responses to rodent
antibodies in therapy are dictated by foreign components of the
variable versus the constant region is not known, but the use of
human isotypes should reduce the anti-idiotypic response. For
example, when mice were made tolerant to rat immunoglobulin
constant-region determinants, administration of rat anti-
Iymphocyte antibodies did evoke anti-idiotypic responses, but
these were delayed and weaker than in animals that had not
been made tolerant'®, Nevertheless, it is likely that a chimaeric
antibody would provoke a greater immune response than a

human mAb.

We have attempted to build rodent antigen binding sites
directly into human antibodies by transplanting only the antigen
binding site, rather than the entire variable domain, from a

ST Th . oo .
by the hypervariable loops at one end of the B-sheet framework.
The hypervariable regions of the heavy chain of mouse anti-
bodies against a hapten'? or a protein antigen®” were previously
transplanted into a human heavy chain, and, in association with
the mouse light chain, the antigen binding site was retained.
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USODS780225A
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METHOD FOR GENERATING LIBARIES OF
ANTIBODY GENES COMPRISING
AMPLIFICATION OF DIVERSE ANTIBODY
DNAS AND METHODS FOR USING THESE
LIBRARIES FOR THE PRODUCTION OF
DIVERSE ANTIGEN COMBINING
MOLECULES
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BBC History

» Established as a biotechnology center focused on
Immunology/oncology discovery research & biologics
manufacturing

— Outgrowth of BASF’s internal biotechnology research

— BASF response to the 1989 German “gene law” restricting
biotechnology and blocking construction of rec. huTNF plant
“they are local, we are global”

 Founded 1989 as part of BASF Pharma division

— Owned by BASF Corporation, functionally reporting to Knoll AG &
BASF Main Laboratory in Ludwigshafen which also provided the
funding. Administrative reporting to BASF Corp. (finance, HR, etc)

« Started by 6 young scientists “delegated”on short term contracts

BASF Pharma Knholl

Eggert Voscherau

from Germany, 3 from Knoll and 3 from BASF BASF Chairman

— By 1991 grown to about 20 scientists in rented Cambridge
labs

 Grand plans for 37,000 sgq. m. Worcester biotech facility

BASF Bioresearch Corporation



BASF Bioresearch Corporation
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High affinity, specific binding proteins
for any extracellular target

Indistinguishable from normal human proteins

Minimal immunogenicity
Long duration of action, infrequent dosing
No non-mechanistic toxicity

Manufacturing advantages relative to other large biologics
such as receptor-antibody fusions

Discovery and preclinical developmental risks moderate
compared with small molecules —




Target and Technology Selection

BASF Pharma

knoll

« TNF was an attractive target

— BASF/Knoll had years of experience with TNF — Biogen
Collaboration to develop TNF in oncology

— Kg’s of clinical grade TNF in the freezer

— Murine antibody (MAK195) already in the clinic for acute
disease (GVHD, sepsis)

« HUMADb technology had to be accessed
through biotech collaboration

— Phage display (CAT)
— Transgenic mice (Abgenix or GenPharm)

BASF Bioresearch Corporation



° MONOCLONAL ANTIBODIES TO HUMAN TUMOR
NECROSIS FACTOR a: IN VITRO AND IN
VIVO APPLICATION

Achim Méller,”" Franz Emling,’ Dietmar Blohm,” Erich Schlick,’
Klaus Schollmeier’

TNFa has been linked to various toxic manifesta-
tions of infectious, neoplastic, or autoimmune diseases.|
Because
TNFa plays a role in many life threatening diseases, the
development of a molecule neutralizing the biological
effects of TNFa would be of clinical value.
In this report, we describe the isolation of neutraliz-
ing and non-neutralizing monoclonal anti-TNFo antibod-
ies,

CYTOKINE, Vol. 2, No. 3 (May), 1990: pp 162-169
'BASF Bioresearch v Pra “emLIIUL LU, LYLrL,
’Knoll AG, Department of Oncology, Ludwigshafen, FRG
‘BASF AG, Hauptlaboratorium, Ludwigshafen, FRG




Strategy for a “Best in Class” Anti-TNF Biologic
Proof of principle for HUMADb medicines in chronic diseases BASF Pharma

knoll

« A fully human version of a murine anti-TNF antibody,
MAK 195F (BASF Pharma’s sepsis drug candidate,
Segard™)

— « Similar affinity and epitope

« Longer plasma half-life

* Lower immunogenicity

'Sa|fe|d » Chronic use in autoimmune disease indications such as
rheumatoid arthritis

e Approach

Cambridge Antibody Technology

— Jochen Salfeld appointed Project Leader

— 1993 Collaboration agreement with Cambridge
Antibody Technology (CAT), co-founded by Greg
Winter and David Chiswell

— Phage display technology




CAT/BBC collaboration ASE P

 Excellent research collaboration between teams at CAT in UK and BBC
in US, with support from Knoll in Germany
— CAT did phage libraries and initial screening of scFv candidates

— BBC did conversion of clones to full length mAbs, mammalian expression,
and everything else
— Weekly phone calls, occasional face-to-face meetings as needed

De novo library screens failed — early libraries too small
e “Guided selection” with MAK-195 used to pull our human heavy

and light chains separately

 Affinity maturation of candidates by CDR3
mutagenesis and chain shuffling aided by off-rate selection and

Biacore assays
» Clinical candidate, named D2E7, generated by earl

1995




Rheumatoid arthritis emerges as lead

indication for anti-TNF therapeutics BASE Pharma

knoll

Anti-Tumor Necrosis Factor Ameliorates Joint
Disease in Murine Collagen- Induced Arthritis
Proceedings of the National Academy of Sciences,
Vol 89, 9784-9788, Copyright © by National
Academy of Sciences

Feldmann & Maini

RO Williams, M Feldmann and RN Maini

Treatment of rheumatoid arthritis with chimeric
monoclonal antibodies to tumor necrosis factor alph
Arthritis Rheum Dec;36(12):1681-90

Elliott MJ, Maini RN, Feldmann M, Long-Fox A, Charles P,
Katsikis P, Brennan FM, Walker J, Bijl H, Ghrayeb J,
Woody, JN

Clinical Immunology Division, Kennedy Institute of
Rheumatology, London, United Kingdom.
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Major Development Milestones
Proof of Concept for Chronic Use of HUMAD

First dose in man: April 1997 (in Europe)
Phase | initiated in US: September 1998

Phase Il initiated in Europe: May 1998;
In US: August 1999

Phase Il studies began: January 2000
Clinical cutoff: August 2001

Abbott  Simultaneous filings with FDA and EMEA,
with >2300 patient years of safety data, Jan
2002

FDA Approval Dec. 31, 2002




Challenges — Financial, Operational

BASF Pharma

knoll

« BBC Budget always under pressure

— Started contract manufacturing business in 1994,
Pharmacia and Serono funded facility build-out
and staff development, >$40M

— Collaborative research to reduce internal costs

* Global Clinical development budget limited
— Forced to exit Oncology to fund D2E7
— Sold oncology pipeline for $65M

e Chronic worry that BASF Pharma did not
have the strength or commitment to make a
blockbuster out of D2E7



D2E7 Partnering (1998-2000) I

Strategic audit (Wilkerson Group) identifies
D2E7 as major asset (John Berriman)

BASF Pharma looks for US marketing partner g
— first effort controlled by Knoll US, falils or is blocked

« BASF Pharma looks for US marketing
partner, 2" project successfully run out of
BBC (Al Collinson, Bob Anderson), very
successful
— Lilly identified as best partner candidate

— Mega-deal fully negotiated and ready to sign -
$200M upfront for 3 years of co-promotion in the

US

BASF Bioresearch Corporation



BASF Pharma Sale (2000)

« Constant rumors that BASF wanted to exit pharma

« “Biotech bubble” — Amgen market cap. >BASF, Millennium and HGS booming,
almost no one knows about BBC and its baby blockbuster

* Private conversations with HGS about a BBC spin out and merger with HGS, but
BASF senior management reluctant to engage

* Lunch with Eggert Voscherau at BASF to tell him about Lilly deal, urge him to
consider HGS option
— “I've been trying to sell this ...... division for 3 years.”

— “Please tell those nice people in Indianapolis that | won't sign this deal. Tell them
the terms have changed .... They need to buy the whol e thing to get D2E7.”

— “I'm not going to sell a mid-sized European pharma company, I'm going to sell
an American biotech company with a great drug in ph ase lll, sales from existing

BASF Pharma

knoll

" Eggert Voscherau
products and a European presence. BASF Chairman

— “Please be available when some very good investment bankers call you next
week You Il be spending some time in London.”

\‘ Jeff Leiden,
)

Bill Haseltine, , Abbott Labs,

HGS — he & won the
didn’t get the & L’ i bidding and
chance to bid B .| saved both

| ' BBC and
BASF Bioresearch Corporation / ‘ ‘ Abbott
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D2E7: Potentially Best-in-Class
Anti-TNF Biologic for RA

Advantaged

D2E7

Remicade
Disadvantaged

— Ease of Administration

+







Abbott's HUMAD Strategy

1991: “The future of biotherapeutics
Is fully human antibodies. ”

/ Clinical Validation
and Expansion
Production capacity

Adalimumab (D2E7),
first fully human

Strategic Planning antibody

_ in development,
and Start-Up positive for RA

C h Second HUMADb
St (J-695) in clinical trials
Adalimumab (D2E7) pdditional targets

— first fully human Abgenix collaboration
antibody from phage Commercial

display production expansion

Profitable Specialist
— HUMADb Therapeutics

Adalimumab (D2E7)
and J-695 HuMAbs
profitably launched
Leading position

in HUMADbs
strengthened

by technology
acquisitions
Internal discovery
and partnerships
with genomics/
biotech companies
for novel targets

1992 — 1995 1996 — 2000




ABC'’s Strength in Biologics Manufacturing

Original BASF concept was close integration of
research and biologics manufacturing

Manufacturing grown in parallel with development
of HUMAD discovery platform







Overview of Clinical Development Program

PHASE |

DE 001/003
D2E7 alone in DMARD failures
120 pts in EU
0.5 to 10 mg/kg iv vs placebo

DE 004
D2E7 alone in DMARD failures
24 pts in EU
0.5 to 10 mg/kg sc vs placebo

DE 005
D2E7 with MTX in MTX-partial
responders
60 pts in NA
0.25 to 5 mg/kg iv vs placebo

DE 010
D2E7 with MTX in MTX-patrtial
responders
54 pts in EU
1.0 mg/kg sc vs iv vs placebo

ROLLOVER
STUDIES

PHASE Il

DE 007
D2E7 alone in DMARD failures
284 ptsin EU
20, 40, 80 mg weekly vs
placebo

ARMADA (DE 009)
D2E7 with MTX in MTX-patrtial
responders
271 ptsin NA
20, 40, 80 mg eow vs placebo

PHASE llI/1lIb

STAR (DE 031)
D2E7 with standard of care
636 pts in US
40 mg eow vs placebo

DE 011
D2E7 alone in DMARD failures
544 pts in EU, AUS, CDN
20, 40 mg eow and weekly vs
placebo

DE 019
D2E7 with MTX in MTX-partial
responders
619 pts in NA
20, 40 mg eow vs placebo

PREMIER (DE 013)
D2E7 w/wo MTX in early RA
750 pts worldwide
40 mg alone vs 40 mg + MTX
vs MTX

DE 018— D2E7 alone in EU—DE001/003, 004, 010, 007, 011
DE 020— D2E7 with MTX in NA—DEO005, ARMADA, STAR







PROJECT HILL Strengths in biotechnology
Beta Pharma’s HUMAD strategy

Value
A

Profitable specialist:
HuMADb therapeutics

Validation phase: as key component
proof of concept

Major D2E7 partnership

D2E7 proof of conceptin RA - D2E7and other HUMAbs
profitability launched

. . Production capacit
SUELEEE DRI - P Leading position in

and start-up : 2r.1d. antlpody project (J695) in HUMAb's strengthened by
clinical trials e
technology acquisition
CAT collaboration - Additional targets in-licensed L .
Partnership with genomics
Key internal strengths - HUMADb “Competence Center”  company for targets
Technical reduction to - Commercial production - Pipeline optimised one new
practise with D2E7 expansion candidate each year
1992 - 1995 1996 - 1999 2000+

Wasserstein Perella & Co. Limited

193f 30
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1990: “The future of biotherapeutics is fully human

Value

therapeutic antibodies ”

Profitable specialist
HuUMAD therapeutics

/’ Validation phase:

/ proof of concept "(
Strategic planning -( _
and start-up /
I"#$%
& *0
()* -
+
1992 - 1995 1996 - 2000 2001+












Generation of Fully Human Anti-huTNF MADb
adalimumab (D2E7) by Guided Selection

Heavy Chain/Light Chain Pairing

Mu/Mu Mu/Hu Hu/Hu Hu/Hu
Hu/Mu

L7
iterative (
random huV optimization ‘
phage I|brary by chain shuffling

and mutagenesis

~—" L
MAK 195 mﬁ@ 2 D2E7

Segard

[ HEININE
[T 1

I TIN T |
TN

random huVH
phage library



D2E7
Affinity Maturation

MAK195 EWHHGP...VAY QQHYSTPFT
4SE3 AAYLSSSSSLDY QKYNSAPYT
AS1 : QKYNSAPYT
E4 QKYNSAPYT
2SD4 . QKYNSAPYT

VH1 . S... QKYNSAPYT
VL-LO- E7 | }l- R
=7 Sk 3 HRg o |




Binding of D2E7, Remicade or Enbrel to human
TNF

Agent | On-rate | Off-rate | Kd (M)
(M~7s™) (s%)

D2E7 | 5.37x16 | 4.53x10° | 8.56x10"

Remicade 6.71xT0 6.29x10° | 9.45x10"

Enbrel | 4.47x10 | 7.02x1(* | 1.57x1(*°

A BlAcore 3000 instrument was used to derive kinetic parameters of binding between
human TNF and the anti-TNF agents. Biosensor chips were covalently coupled with a goat
anti-human Fc antibody. Anti-TNF agents were then captured on the chips and varying
concentrations of huTNF were added. Binding data were analyzed to derive the kinetic
parameters.



Targeting TNF to Treat RA

Lead indication emerges

Anti-Tumor Necrosis Factor Ameliorates Joint
Disease in Murine Collagen- Induced Arthritis
Proceedings of the National Academy of Sciences,
Vol 89, 9784-9788, Copyright © by National
Academy of Sciences

RO Williams, M Feldmann and RN Maini

Treatment of rheumatoid arthritis with chimeric
monoclonal antibodies to tumor necrosis factor alph
Arthritis Rheum Dec;36(12):1681-90

Elliott MJ, Maini RN, Feldmann M, Long-Fox A, Charles P,
Katsikis P, Brennan FM, Walker J, Bijl H, Ghrayeb J,
Woody, JN

Clinical Immunology Division, Kennedy Institute of
Rheumatology, London, United Kingdom.







Optimized standard HUMADb expression
technology

Mammalian cell expression
using Chinese Hamster
Ovary (CHO) cells

— robust and reliable
Industrial technology

— very high level production
of HuMADbs by CHO cells

proprietary methodology
for rapid generation of
high-productivity cell lines
suitable for large-scale
fermentation




Standardized process development
and scale-up

Bioreactors Scale-up Linearly

Time (days)




Clinical & commercial produgtion capacity

Four 3,000-liter bioreactors

— Baitch sizes > 1 kg purified
bulk

Two 6,000-liter bioreactors
— >100 kg annual capacity
— >100,000 patient-years

Second plant (PR; $350 M
Investment) in construction




1991: “The future of biotherapeutics
Is fully human antibodies.

Strategic Planning
and Start-Up

CAT co-research
agreement

D2E7 — first fully
human antibody
from phage display

Clinical Validation
and Expansion

Production capacity

D2E?7, first fully human
antibody
in development,
positive for RA

Second HUMADb
(J-695) in clinical trials

Additional targets
in-licensed

Abgenix collaboration

Commercial production
expansion

Profitable Specialist
— HUMAD Therapeutics

D2E7 and J-695 HUMADbs
profitably launched

Leading position
in HUMADbs
strengthened
by technology
acquisitions
Internal discovery and

partnerships
for novel targets

1992 — 1995

1996 — 2000







D2E7: Potentially Best-in-Class
Anti-TNF Biologic for RA

Advantaged

D2E7

Remicade
Disadvantaged

— Ease of Administration

+
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e
BBC/ABC Milestones

BBC founded in D2E7 begins

Cambridge, MA preclinical
HuMADb development Anti-|L-12 D2E7
research HUMADb submission

starts project begins l
Vo |

A A
1990 1992 1994 1996 1998 2000 2002
D2EY Abbott
Move into enters acquisition
Worcester Phasel  J695
facility enters
Chemistry Phase |

starts in
Worcester



BBC/ABC Milestones

1989
1991
1993

1995

Founded in Cambridge, MA (six delegates)
Cornerstone for Worcester facility

Move to Worcester Aug-Dec.
CAT HuMAD relationship initiated

First Oncology drug (Cemadotin) starts clinical trails
Pilot Plant produces first batch of drug substance
ICE Collaboration with Parke-Dauvis Initiated

D2E7 begins formal preclinical development

Pilot Plant ships first drug substance for clinical trials (PEG-hirudin)
Chemistry Department established, kinase research begins
GI/CAT/BBC collaboration formed for anti-1L-12 HuMADbs

D2E7 enters Phase I clinical trials
First transgenic goat expressing D2E7 created

Pilot Plant produces first GMP batch of J695
Oncology discovery deprioritized, outlicensing of clincal candidates starts

J695 enters Phase | clinical trials

Commercial production expansion project begun
ILEX Oncology licenses LU223651 & Elinafide

Acquired by Abbott Laboratories, renamed Abbott Bioresearch Center




Humira project timeline

Abbott

Project D2E7 Start Phase || Dossier
begins: SEEEIEL submission to

BBC Production FDA/EMEA
collaborates

with CAT

Humira

: Launches
Adalimumab

(D2E7) tested |
first time in RA Last Phase Il trial

patients (DE019) results
(Phase ) available (12/01)







