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Timeline; History of Cancer Therapy

Rituximab
for CD20-B cell lymphoma,
15t moAb

Imatinib, 15t successful small molecule

Mustine
for Lymphoma
(Goodman et al)

Oncogenes

(Bishop & Varmus)

“magic bullet” (TIME magazine)

6 1948 1975 1976 1984 1987 1988 1989 1997 1998 2001 2005

Monoclonal Antibody
(Kohler & Milstein)

Sunitinib & Sorafenib,
Multi-TKI

Molecular Targeted‘Therapy

Molecular Biology

)

Trastuzumab
for mBreast Ca,
1t humanized Ab
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Strategy of Targeted Therapy

Targets of Cancer Therapeutics

. Signal transduction

. Cellular differentiation
- Migration/Invasion

. Survival/Apoptosis

. Angiogenesis

. Immune Modulation

OGOhLhWN=



Cell circurity affected by cancer-causing mutations
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Targeted Molecular Abnormalities

Angiogenesis

Molecule

Tumor Type (incidence, %)

Signal
Transduction

VEGF Melanoma (84), GIST (79), Leiomyoma (60), etc

VEGFR1 Leiomyoma (80), GIST (73), Schwannoma (67),
etc

VEGFR2 GIST (91), Schwannoma (67), Leiomyoma (33),

Molecule

Tumor Type (incidence, %)

EGFR Head & Neck (80-100), Renal (50-90), Breast (14-
91), Lung (40-80), Colorectal (25-77), etc

ERBB2 Breast (30), Esophagus (12), etc

K-RAS Pancreas (90), Papillary Thyroid (60), Colorectal
(45), NSCLC (35), etc

BRAF Melanoma (66), Colorectal (12), Biliary tract (25),
Skin (44), etc

AKT2 Ovarian (12), Pancreas (10), etc

Survival
/Cell Death

Molecule

BCL-2

Tumor Type (incidence, %)

Breast (75), Lung (96), B cell lymphoma (80), etc




Strategy of Targeted Therapy

Anticancer Agents

1. Monoclonal antibodies (+ deliver toxins, raionuclides, etc)
2. Small molecules (MW < 1000 kDa)
3. SiRNAs

4. Nanoparticles (vehicle, 1-1000 nm)



Structure and Types of
Monoclonal Antibodies

Framework
regions

Antigen
binding

CDR
Fab ’

region

L

—C,2
region
{ —C,3
Fc binding
Types of mAbs
Murine Entirely murine amino acids ‘o’ = mouse
e.g. muromonab
Chimeric Human constant (C) %i" = chimeric

+ murine variable (V) regions  e.g. rituximab

Humanized Murine complementarity ‘Zu’ = humanized
determining regions (CDRs)  e.g. alemtuzumab

Human Entirely human amino acids ‘U’ = human
e.g. adalimumab

Small Molecule Inhibitor

P53-Mdm?2 inhibitor, Nutrin2



Signal Transduction

Class Target Type Agent Indication/c-Trial
Receptor | EGFR MoAb Cetuximab mMCRC, H&N, NSCLC
rr:/f:(i)tjii:oer Panitumumab mCRC
Small M Gefitinib NSCLC
Erlotinib NSCLC, PC
HER2 MoAb Trastuzumab mBr, Ad Br, GC,
EGFR/ Small M Lapatinib mBr,
HER2
IGFR MoAb CP-751, 871 MM, NSCLC
Others mTOR Small M Temsirolims RCC, mantle Lym
Everolims RCC
RAF Small M Sorafenib (VEGFR2, PDGFR) RCC, HCC
BCR-ABL | Small M Imatinib (PDGFR, KIT) CML, GIST
Dasatinib CML
Nilotinib CML

MCRC; metastatic Colorectal Ca, PC; Pancreas Ca, mBR; metastatic Breast Ca,
Ad; adjuvant MM; multiple myeloma,RCC; Renal Cell Ca, mantle Lym; lymphoma



Angiogenesis

Target  Type Indication/c-Trial
Angiogenesis | VEGF MoAb | Bevacizumab mMCRC, NSCLC, RCC, mBR
inhibitor VEGFRs |Small | Sunitinib (2, PDGFRB, KIT, etc) | GIST, RCC, mBr
M

Sorafenib (2, PDGFRB, KIT, etc) RCC, HCC
Vatalanib (1, 2, 3, KIT, PDGFRB) | GIST
Axitinib (PDGFRB, KIT) Panc, RCC
Vandetanib (2, EGFR, RET) NSCLC
Motesanib (1,2, PDGFRB, KIT) mThyroid Ca

1,2, 3; VEGFR], 2, 3

Cell Cycle Regulator

CDK inhibitor CDK1, 2, 4, Small M | Flavopiridol
6,7

CDK?2 UCN-01 Ova Ca

Indisulam melanoma




Anti-CD antibody

Class Target Type Agent Indication/c-Trial

Anti-CD Ab | CD20 | Mo Ab | Rituximab LG or fol Lym, DLBCL
Ibritumomab LG or fol Lym
Tiuxetan

Tositumomab/lod | fol Lym

ne-131
Tositumomab
CD33 Gemtuzumab AML
Ozogamicin
CD52 Alemtuzumab CLL
Others LG or fot tym; fow grade or fotticutar tymphoma
Inhibitor | HDAC Small | Vorinostat | T cell Lym, DLBCL
Proteosome M Bortezomib | MM
PARP #
HSP 90 #

Indiicer | Anontocic



Radioimmunotherapy

Product Antigenic

Antibody Name Target Indicatlon

wY-[britumomab Zevalin CcD20 Relapsed or refractory follicular and low-grade non-HodgKin lymphomas
tiuxetan In elderly patlents and rituximab-resistant disease

w|-tostuzumab Bexxar cD20 Relapsed or refractory follicular and low-grade non-Hodgkin lymphomas

in elderly patients and rituximab-resistant disease

Property 99Y-Ibritumomab Tluxetan 131].Tosltumomab
Product Name Zevalin Bexxar

Antibody for labeling Ibritumomab Tositumomab

Form Murine 1gG1 Murine 1gG2a
Antibody for blocking Chimeric rituximab Murine tositumomab
Dose 250 mg/m? 450 mg

Therapy radionuclide Yttrium-90 (*°Y) lodine-131 (*3%)

Haif-life 2.7 days 8.1 days



In the Future

1. Newcomer
ex) PARP inhibitor, HSP90 inhibitor, etc.

2. Problems

2-1. Target Specificity ------ Specific Target (ex. Oncogene Addiction ),

2-2.

2-3.
2-4.
2-5.
2-6.
2-7.

Target Validation

Resistance

Common Target (ex. Angiogenesis)
------ Biomarkers, Predictable Markers etc.

Toxicities ------- off-target toxicity

Assessment -------
Financial Issues
Others

ex. Study Endpoints



2-2. Target Validation
Ex. EGFR-TKI, NSCLC

Molecular Factors Possibly or Definitely Associated with
Improved Outcome on EGFR TKIs

EGFR mutations
Exon 19 deletions
Exon 21 L.858R point mutations
Others?

High EGFR gene copy number
EGFR amplification
Chromosome 7 polysomy

EGFR protein expression?

p-AKT
Low if EGFR wild-type
High if EGFR mutation

PTEN expression

TP53 mutation

High erbB2 gene copy number?

High erbB3 gene copy number?

E-cadherin-positive

--Pioneer study --

“Acivating mutation in EGFR underlying
responsiveness of NSCLC to gefitinib”

(Lynch TJ, NEJM. 350. 2004)

Targeted Therapy
= Personalized Therapy

Biomarkers

Molecular Factors Associated with Possible or Probable
Resistance to EGFR Tyrosine Kinase Inhibitors

EGFR T790M mutations
erbB2 mutation?
KRAS mutation

p-ERK?
Epithelial to mesenchymal transition

Mesenchymal phenotype
Epithelial membrane protein-1
MET amplification

EGFR
Mutationff

fes

fes

‘fesg

fes

‘fesg

fas

‘fesg

‘fes

Mo

Responsey

Major; improved lung
lesions

Major; improved bilater-
allumg lesions

Fartial; improved lung

lesions and soft-
tissue mass

Minor;improved pleural
disease

Partial; improved liver
lesions

Major; improved lung
lesions

Partial; improved lver
and lung lesions

Partial; improved lver
lesions

Partial; improved lung
nadules
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