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Cancro do Pulmao

Incidéncia



Mundo

Populacao - 2000 Populacao - 2030
6,109,000,000 8,293,000,000
3,080,000,000 3,029,000,000 4,165,000,000 4,128,000,000
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Deaths (millions)

Projeccoes globais, 2004 to 2030
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Updated from Mathers and Loncar, PLoS Medicine, 2006



Taxas de incidéncia de todos os tumores

Novos casos de cancro no mundo

Cérebro ™,
Mieloma Mdltiplo ™.

Ovdério ™% s Incidéncia 2000
Figado ¥ s Incidéncia 2020
Leucemia ™.

Gdstrico

CC Renais ™

LNH ™
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Pulmao & =

Bexiga M.
Prostata B

ColoRecta| M s

0 A . ]
N° Anual Incidéncia para 5 maiores paises EU
Fonte: The Cancer Atlas 2006 Fonte : Globocan 2002 & internal figures
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Peso mundial do cancro, 2008 - 2030

12.5 milhdes de novos casos

7.6 milhoes de mortes

28 milhdes vivem com cancro

26.4 milhoes de novos casos

17.1 milhdes de mortes

80 milhdes vivem com cancro

World Cancer Report, 2008



Tx incidéncia estimada
Europa / 100.000, 2006
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Taxa incidéncia estimada na Europa / 100.000, 2006

Male Female  Total' Lung cancer share of Rank in incidence
. cancer incidence among cancers
Swedan AN N A — S - CRGRES 4
ortugal 44.5 117 28.1 78% 4D
Finland 58 147 o093 847 4
Austria 54.0 22.3 8.2 10.3% 4
Switzerland 52.7 26.2 39.5 9.1% 4
Germany 61.2 20.8 41.0 10.4% 4
Spain B8.3 13.8 41.1 12.1% 2
Morway 53.8 337 43.8 10.4% 4
France 75.5 15.0 45.3 10.6% 4
United Kingdom 57.1 346 45.9 12.1% 3
Ireland B0.2 34.1 47.2 10.5% 4
The Nethevlands 63.4 32.5 48.0 12.1% 4
Italy 84.7 15.6 50.2 12.2% 3
Greece Ba.7 127 50.7 14.8% 1
Czech Republic 78.9 229 &0.9 12.3% 2
Husszian Federation 92.7 11.2 52.0 16.0% 1
Denmark 5.0 487 56.9 13.3% 2
Belgium 93.0 22.9 58.0 13.1% 3
Paland 103.0 28.6 B5.8 17.4% 1
Hungary 119.3 42.4 80.9 16.0% 1
Europe 75.3 18.3 46.8 12.6% 2
22 pais com menor incidéncia 42 neoplasia mais frequente

Ferlay J et al, Annals of Oncology 18:581-592, 2007



Impacto social do cancro do pulmao
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Earle C et al, J Clin Oncol 28:1700-1705, 2010



Impacto social do cancro do pulmao

Cancer

Heart diseases
Cerebrovascular disease
Diabetes mellitus

Road traffic accidents
Chronic obstructive pulmonary disease
HIV/AIDS

Perinatal conditions
Suicides

Lower respiritory infections
Cirrhosis of the liver
Diarrhoeal diseases
Tuberculosis

Malaria

Measles

Economic Loss From the Top 15 Global Causes of Death
805.2
140.8
1258

|

928
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|
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8.1
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Economic Value of DALYs® Lost (USS billion) in 2008

fDisabl’Il’ty—adjusted Life Year

American Cancer Society
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Populacao residente (N2), Portugal, 1991
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INE, Estimativas de populacéo residente em Portugal em 2012, 2013



Piramides etarias, Portugal, 1991 e 2012
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INE, Estimativas de populacéo residente em Portugal em 2012, 2013



Previsao da evolucao da incidéncia de cancro em Portugal, 2010 a
2030

E0000

50000

40000 4

30000

20000

10000 _

2010 2015 2020 2025 2030

DGS, Portugal: Doencas Oncoldgicas em Numeros - 2013, 2014



Altas por cancro nos hospitais publicos,
Portugal, 2000 - 2009

75812
7
6 66 67114 68166
64316
60911

55511

52959 I
2000 2001 2002 2003 2004 2005 2006 7 2008 2009

Growing rate —43,2 %
SOLRCE: Dirartarate Ganeral af Haalth — AMinictry of Health



Taxas de mortalidade, Portugal

Infantil Neonatal R e e
circulatorio malignos
%
Portugal

2000 55 34 4.0 2.1
2001 5,0 29 40 2.1
2002 50 34 40 2.1
2003 41 27 39 22
2004 3,8 26 35 2.1
2005 35 2.3 35 2.2
2006 33 21 31 21
2007 34 21 32 22
2008 33 21 32 23
2009 36 25 31 23
2010 25 17 32 23
2011 3,1 2.4 3,0 2.4

Infant e | e :‘::3::‘“*5

INE, Portugal em Numeros - 2011, 2013



Cancro do pulmao
Evolucao da mortalidade, Portugal, 1955 - 2003

TossS 1960 1270 1220 1990 2000 zZ0o03

Fonte: WHO



Taxa de incidéncia de tumores malignos por patologia, Portugal,
2007

Taxa de Incidéncia de Tumores Malignos por Patologia (por 100000)

Incidéncia Bruta neidéncia
Padronizada
Estdmago 2720 19,60
Calon 42 80 30,30 3¢9
Reto 24,00 17,50
Mama Feminina 101,80 g2401 2@
Tragueia, Bréngquios e Pulmao 30,60 2360] 49
Prostata 114,00 BO70| 19
Corpo do Utero 15,60 11,40
Colo do Utero 12,80 11,10
Bexiga 17,80 12,30
Linfemas ndo Hodgkins 15,70 11,40

DGS, Portugal: Doencas Oncoldgicas em Numeros - 2013, 2014



Tumores malignos mais frequentes por sexo,
Portugal, 2007

% Homens

(10) Cérebro e SNC 1.8
(8) Laringe 2.2
(3) Pulmao/Brénquios 10.6
(4) Estomago 7.3
(9) Rim 2.0
(2) Colon 10.8
(6) Bexiga 6.3

(5) Recto 6.6

(1) Prostata 24.3

(7) Linfoma ndo Hodgkin 3.8
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2.3
3.8

29.9

RORENO, Registo Oncoldgico Nacional — 2007, 2014

% Mulheres

Tircide (4)
Pulm3ao/Brdnquios (8)
Mama (1)

Estémago (3)

Colon (2)

Corpo Uterino (6)

Recto (5)

Colo Uterino (9)

Linfoma ndo Hodgkin (7)
Melanoma da Pele (10)



Cancro do Pulmao

Diagnaostico



Cancro do pulmao

171% FDA o
T 530% CHEST Invasive
o cancer
Carcinoma LUNG CANCER
in situ (CIS) SURVIVAL 15%
(stage 0)
PREDICTED
LUNG CANCER
x SURVIVAL 90%
Glenetlcally Mild Moderate Severe
altered cell Hyperplasia




Epidermoid (squamous cell) Small cell anaplastic (oat cell) Adenocarcinoma Large cell anaplastic
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to hilar nodes or distally
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Diagndstico do cancro do pulméo

Rx Torax PA e perfil
TAC toracica

Tumor periférico:
BAT
(biopsia aspirativa Tumor central:
transtoracica), Citologia, BRF, BAT,VATS
BRF (broncofibroscopia),
VATS, Toracotomia




Diagndstico do cancro do pulméo

Ex. fisico
Rx torax

TAC
BRF

Mediastino: Extra-toracica

RMN, EBUS,PET TAgz;gﬁr;'MN Ossea:
BAT . Hepatica/suprarenal Rx ou cintigrama
Mediastinoscopia Eco ou TAC Biopsia
VATS

Biopsia

Adenopatia

Biopsia







Meios complementares de diagnostico Broncofibroscopia

Bronchoscope

Trachea

Left primary
broncus

Unusual tissue
sampled for
biopsy
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Meios complementares de diagndstico
Toracocentese




Meios complementares de diagndstico

Toracocentese
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Meios complementares de diagndstico
Dreno toracico

Patient often cyanotic and in severe respiratory
distress or in shock. Immediate closure of
sucking wound imperative, preferably by
petrolatum gauze pad, but if not available,

Open (Sucking) Pneumothorax By ipnim tonSngihRg Bt e

Pathophysiology

% g/@’é.;,\

L Inspiration

Expiration
Air enters pleural cavity through open, sucking As chest wall contracts and diaphragm
chest wound. Negative pleural pressure is lost, rises, air is expelled from pleural cavity
permitting collapse of ipsilateral lung and via wound. Mediastinum shifts to affected Chest strapped over packing
reducing venous return to heart. Mediastinum side and mediastinal flutter further impairs on top of petrolatum gauze.
shifts, compressing opposite lung venous return by distortion of venae cavae Thoracostomy tube attached

to underwater-seal suction drainage
or Heimlich valve may be indicated
to promote reexpansion of lung.
Wound debridement may be
necessary. Possible associated
hemothorax must also be considered



Meios complementares de diagndstico
Dreno toracico

Techniques for Introduction of Chest Drainage Tubes

i

y""“"""m‘mﬂll"”’:
(il

Preferred sites

1. For pneumothorax (2nd or 3rd
interspace at midclavicular line)
2. For hemothorax (5th interspace
at midaxillary line)

SECTION V. PLATE 17

Introduction of
Chest Drainage Tubes

Pleural drainage tubes are inserted for evacua-
tion of air or fluid from the pleural space in
pneumothorax or hemorthorax.

Placement of an intercostal tube or catheter for
pneumothorax can be readily accomplished under
local or intercostal nerve block anesthesia, or
both. It may be done at the bedside, burt strict
asepric precautions need be observed. The site for
tube insertion should be one that is away from
adherent lung. Generally preferred is the second
or third anterior intercostal space in the
midclavicular line or the fourth or fifth intercostal
space in the midaxillary line. To help select the
optimal point of entry, chest x-ray films should be
reviewed unless the clinical situation is one of
extreme urgency.

Under any circumstances, ncedle aspiration
and ready withdrawal of air (or fluid) should pre-
cede any tube insertion. Such aspiration is simple
and can be part of the process of local infiltration
with an anesthetic agent. Failure ro find a free

Hemostat technique

Trocar technique
A

A, Skin incised and
pleura entered by
blunt dissection

B. Tube thrust into
pleural cavity

C. Tube attached to
underwater seal
(with suction if
indicated)

A. Trocar and cannula
pushed through
intercostal space

B. Trocar withdrawn;
tube passed into [
chest through cannula

C. Cannula withdrawn;
tube connected to

underwater seal
(with suction if
indicated) e —

trocar

—,

sy’

‘(,‘“ il

Note: For all techniques local anesthesia used: pens
upper border of lower rib to avoid intercostal vessels
for free blood or free air {adherent lung)

A. Trocar within catheter
pushed into pleural cavity e
via small skin incision

m;,.g.gp'”
g C. Catheter attached to
underwater seal (with

suction if indicated)
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Estadiamento do CPNPC

Estadiamento anatdmico:
T—Tumor
N — Ganglios

M — Metdstases

Estadiamento fisiologico
Funcao respiratoria
Funcao cardiaca

Co-morbilidades



Estadiamento do CPNPC

Sobrevida global
62 Edicao do TNM
A Deaths /N MST5-Year
1A 11683666 119 73%
A Deaths /H  MST5-Year s = o e
1A 443/831 60 50% , i
A 19 125 38 24% ma 234873091 23 25%
S0t B 157172151 18 25% 80% B 838 /1042 16 19%
MA  2397/3005 14 18% v 146 /183 18 21%
MB 108871224 10 8% l
60% - v 2343 12458 2% 80%
40% — 40%
20% 20% &
0%
0 2 4 6 8 10 iy 2 4 6 g 10
Surihal. Years .
Sunival, Years
Estadiamento Clinico Estadiamento Patoldgico

Goldstraw P et al, J Thorac Oncol 2:706-714; 2007



Estadiamento do CPNPC

T4 (any size — associated
with a satellite tumor
nodule in the same lobe)

T3 (any size - mvades the T4 (any size — invades the
parietal pleura, diaphragm, mediastinum, heart, great vessels.
chest wall, mediastinal pleura, esophagus vertebral body, or a malignant
or parietal pericardium) pleural or pericardial effusion)

© 2004 Mosby Inc. All rights reserved.



Estadiamento do CPNPC

N2 nodes when ipsilateral to primary
tumer (N3 nodes when contralateral

to primary tumor)
@ 2 Upper paratracheal nodes
(@ 4 Lower paratracheal nodes
@ 5 Aortopulmonary nodes
6 Anterior mediastinal nodes
(not shown)
@ 7 Subcarinal nodes
@ 8 Paraesophageal nodes
@ 9 Pulmonary ligament nodes

N1 nodes

@ 10 Tracheobronchial angle nodes (hilar}
@ 11 Interlobuler nodes

@ 12,1314 Lobular, segmental,
subsegmental nodes

© 2004 Mosby Inc. All rights reserved.




Estadiamento do CPNPC

Primary tumor

LNGI'\

M,....,..,d,] A

© 2004 Mosby Inc. All rights reserved.




Estadiamento do CPNPC

Metastatic Carcinoma to Lung

Common sites of origin Most common Radiologic patterns of lung metastases
i : | patterns (but i

any pattern
may occur)

v



Cancro do Pulmao

Tratamento



Algoritmo de tratamento do CPNPC

[-11-11A Cirurgia M Adjuvante
ressecavel (RT) CT ——Pp Recidiva

28%

Localmente

: . . avancado
Diagnadstico A

Combinada
Quimio-

Consolidacao

CPNPC

radioterapia

irressecavel -
1B

33%

Metastatico Metastatico
Estadio IV (11IB) 12 linha

39%

Globocan, Epidemiology Lung Cancer 2002



CPNPC e uma doenca rapidamente progressiva

Mau prognéstico !

Estadio I-IlIA > Taxa sobrevivéncia 1 ano = 33 %
30% Taxa sobrevivéncia 2 anos =11 %

v

Objectivos do tratamento

- Atraso na progressao da doenca

- Aumento da sobrevivéncia global

- Atraso na deterioracao dos sintomas
- Manutenc¢ao ou melhoria da QoL

1. Schiller J et al, N Eng J Med 346:92-98, 2002



CPNPC e uma doenca rapidamente progressiva

Mau prognéstico !

Estadio I-IlIA > Taxa sobrevivéncia 1 ano = 33 %
30% Taxa sobrevivéncia 2 anos =11 %

v

Objectivos do tratamento

- Atraso na progressao da doenca
Quantidade de vida Prog A . &
- Aumento da sobrevivéncia global
. _ - Atraso na deterioracao dos sintomas
Qualidade de vida 7 _ 1o ytencio ou melhoria da QoL

1. Schiller J et al, N Eng J Med 346:92-98, 2002



Ultrapassando os limites - O que conseguimos ?

Median OS (months)

> 2 years
| | EGRRMute
] 1L EGFR Mut+
- Maintenance trials
24 - First-SIGNALZS EURTAC!
[] 1L trials “ —
Recruitment
10
18 - Non- 4 AVAPERL
5 ATLAS?  pARAMOUNT™
- |
E45994 AVAIL8 POINTBREAK??
12 1 ~cagliotti? Gatzemeier® Pirker!8
’Alberola3 Giaccone® Scagliotti’
” Schiller?
6 ; : | R
1995 2000 2005 2010

1. Schiller, et al. NEJM 2002; 2. Scagliotti, et al. JCO 2002; 3. Alberola, et al. JCO 2003; 4. Sandler, et al. NEJM 2006; 5. Gatzemeier, et al. JCO 2007 6. Giaccone,
et al. JCO 2004; 7. Scagliotti, et al. Clin Cancer Res 2005; 8. Reck, et al. Ann Oncol 2010; 9. Kabbinavar, et al. ASCO 2010

10. Barlesi, et al. EMCC 2011; 11. Paz-Ares, et al. ASCO 2012; 12. Fukuoka, et al. JCO 2011; 13. Zhou, et al. ASCO 2012

14. de Marinis, et al. EMCC 2011; 15. Han, et al. JCO 2012; 16. Maemondo NEJM 2010; 17. Patel, et al. IASLC 2012 (Chicago); 18. Pirker, et al. Lancet 2009.



Terapéutica individualizada do cancro do pulmao

Factores Clinicos : Factores Histoldgicos

\ 4

Factores Moleculares

Factores estao interligados e ndo séo independentes.

Da terapia “one size fits all” para “tailored”.

Adaptado de Gandara DR et al. Clin Lung Cancer 10:148-150, 2009



Algorithm for the treatment of advanced NSCLC in 2013

==
==

v \4

U T

e
_

A\ 4

QJueualulieln

Progression dLj
2"% Line

Based on previous treatment

—

Updated from Gandara DR, et al. Clin Lung Cancer. 2009;10:392-394.



Targeted and

Ceneric Name

EGFR inhibitors

biologic therapies for NSCLC

Trial Sponsering Trade Name Current Phase of
Class of Apeni(s) Entity iies) Other Mameq{s) Type Targeds Development Sipnificant Side Effecis
Mermimack Pharmaces- NA Bispecific antibody fusion HER2-HER3 Phase LTl
ticals MNA protien heterodimer Phase [ for hmg cancer
MMI11
Genmalb Fahwtamumah Human MoAB EGFR Mo lomger in clinical Prash, fatigue, and pyrexia
NA development
HuMax-EGFr
Pfizer Canertinib Irreversible small-molecule Pan-HER Mo longer in clinical Rash, diarrhea, asthenia, and
NA TEI development stomatitis
CI-1033
Merck KGaAEMD Matummab Humanized MoAR EGFR Mo longer in clinical develop-  Rash and disrrhes
Serono memk
EMD 72000
AVED Pharmacenticals  NA Irreversible small-molecule EGFR/HER2 Mo longer in clinical Diarrhea, nausea, and fatipue
MNA T development
Av412

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012



Targeted and biologic therapies for NSCLC

VEGF and VEGFR inhibitors

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
Exelixis’ GlaxoSmith-  Foretinib Small-madecule TE] VEGFR-2, MET, Ron ~ Phase [1 Hypertension, fatipue, nausea,
Kline NA diarrhea, and night blindness

GRK 1363080 XLERD

Miowvartis MNA Irreversible small-molbecule VEGFR-2, EGFR, Phase LTI Fatipue, diarthea. nauses, and
MNA TKI HERZ rash
AEE TEE

Exelixis NA Small-molecule TK] VEGFR-1, FDGFR Phasa I MNausea, fatigue, and rash
NA B.KIT Mo sctive hng rials
XLE20

Exelixis NA Small-molecule TK] VEGFR, PDGFR. FLT-  Phase I1 (terminated due to Cardizc toxicity, diarrhea, as-
NA 3, Brc, FOFR safiety concerns) theniz, and hypersensitivity
XLoag

Bayor Telatinib Small-molecule TK] VEGFR-23, PDOFR  Phase | (completed) Hypertension, hoarseness,
MNA and KIT anorexia, and diarthea
BAYS57-8352

Sanofi-Aventis Cmbrabulin Combretastatin A-4 deriva- Tubulin-binding zpent  Phase I1
NA e that targets the im-
AVESDGZ mature nemvascula-

ture of tumors

Genentech NA Humanized antibody against  Tarpets EGFLT. A Phase [

MNA EGFLT vascular-restricted

MEGFI4MARGTIS
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Targeted and biologic therapies for NSCLC

ALK inhibitors / BRAF / ROS

Ceneric Name

Trial Sponsering Trade Name Current Phase of
Class of Apeni(s) Entity iies) Other Mameq{s) Type Targeds Development Sipnificant Side Effecis
ALK imhibitors’ Pizer Crizotinib [Dual small-molecule ATP ALK, c-Met, RO3 FDA approved for ALK+ lo-  Nausea, diarrhea, visual distar-
brafiros Xalkori competitive inhibitor cally advanced or metastatic bances, alanme aminotrans-
PE-I234 1066 NECLC ferase elevation, and fatigue
Xoovery MNA Small-molecule inhibitor ALK Phasa |
MNA
X-104
MNawartis NA Small-molecule inhibitor ALK translocations. Phasa [ g
MNA
LIDE3T7E
Ariad Pharmeceuticals ~ NA Small-maolecule inhibitor ALE/EGFR Phass LI
MNA
AP26113
Chusgai Pharmacenticals MNA Small-molecule inhibitor ALK Phasa LTI
MNA
CHS424802/AFBO2
BRAF inhibitors Plexxikon/Roche Vemurafenib Small-molecule inhibitor BRAF (VEODE) FDA approved for metastatic  [harrhea, rash, fatigue, and skin
Felboraf muation) melanoma squamos cell carcinoma
PLXA0IY RGT204 Phase I for MECLC
GlaxoSmithk line Diabrafenib Small-molecule inhibitor Mutant BRAF kinzse Phasa Il for melanomsa Pyrexia, rash, skin squamous
MNA Phase Il for NECLC cell carcmoma, and diarrhea
GEKI118436
MNaovartis MNA Small-molecule inhibitor BRAF kinase inhibitor  Phase L1
MNA
LGXEIE
Arjule MNA Small-molecule inhibotor Pan-Raf inhibitor Phasz [
MNA
Ar()T36

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012



Targeted and biologic therapies for NSCLC

BCL-2 inhibitors / BCR-ABL / STAT inhibitors

Ceneric Name

Trial Sponsering Trade Name Current Phase of
Class of Apeni(s) Entity iies) Other Mameq{s) Type Targeds Development Sipnificant Side Effecis
BCL-2 inhibitors Abbott & Genentech Mavitoclax Small-molecule inhibitor Bad-like BH3 mimetic ~ Phase 11 for SCLC Darrhea, back pain, and throm-
NA (ABT-263 is orally bio- bocytopenia
ABRT26X ABT-T37 available)
Genta Oblimerson Antisense oligo-deoxyTibo- Bcl-2 Phasa IVTII Fever and elevated lver
Genasense mucleotide EOZymes
G3139
GeminX Obatoclax Small-molecule inhibitor Pan Bel-2 Phasa LTI MNeurotaxicity, cytopenias
MNA
GX15-070
Ascents MNA Negative enantiomer of Pan Bel-2 Phase [1{NSCLC studies ter-  Gastroimtesting] side effects
NA gossypol minated, SCLC ongoing )
ATI01
BCR-ABLSRC Bristol-myers squibb Dasatinib Small-molecule TE1 of SRC-  Sre, BCR-ABL, KIT, FIA approved for chronic Fluid retention, pleural effusion,
tyrosine kimase / sprycel family PDGFR, FMS or myelogenous leukemiza diarrhea, prolonged Te, my-
STAT inhibitars BMS-354825 colomy-stimulating Phasa Il for MECLC elosuppression, and rash
factor | recepior
C5FIR
Miovartis Imatirib Small-maecule TEI EIT, PDGFR, BCR- FDA approved forGastrodntes-  Fluid retention, diarrhea, my-
aleevec ABL fusion protein tinal gromal tamorDermato-  elosuppression, and rash
STI-571 fibrosarcoma protuberans-
Philadelphia chromosome
positive chronic myelog-
enols leukemiz
Phase II for NECLC
Astrafeneca Saracatinib Small-molecule TE1 of SRC-  Sre, BCR- Phasa 11 Leukopenia, febrile newtrope-
NA family binds the active ABL{Inhibits Src nia, and asthenia
AZD 053 conformation of the ATP kinzse mediated
binding pocket osteoclast resorp-
tiom})
Pfizer (Wyeth) Bosutinib 4-zmiling-3-gumolinecarbo-  Sre, ABL Phasa 11 Diarrhea, anorexia, and nausea
NA nitrile dual Sre/Abl kinase Phase [ for hmg cancer
SE1-606 mhibitor
Kinex Pharmacenticals = NA Small-molecule TED target-  c-Sro Phasa 1 Hypokalemia, anemiz, elevated
NA mg the subsirate binding Phase [ for hmg cancer AST, fatigue, dyspnea, fever,
KX2-39] site vomiting, constipation, he-
maturia, and lymphopenia
Exelixis MNA Multitargeted TKI Sre, ABL, IGF-1R, Phasa | Nausea, neutropenia. fatigue,
NA AURORA, FOFR1-3 and hypoglycemia
XL128
(isuka Beijing Pe- MNA inhibitor of signal transducer  STAT 3 Phasa |
searchinstitute MNA and activator of transcrip-
OFB 51602 tion 3
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Targeted and biologic therapies for NSCLC

Epigenetic modulators of gene expression

Ceneric Name

Trial Sponsering Trade Name Current Phase of
Class of Apeni(s) Entity iies) Other Mameq{s) Type Targeds Development Sipnificant Side Effecis
Valproic acid Aliphatic acid Class | and Ila specific  Phase 11 Anemia, neurological toxicity,
depakote nawseq, and hepatic toxicity
Sodium phenylbatyrate  Aliphatic acid Class [ and Ila specific  Phasa 11 Meuro-cortical toxicity, hy-
pokcalemia, lyponatremia,
hypenumicemia, and nausea

MNaowartis Panobinostat Hydroxamic acid-type Pan-HDAL (all iso- Phasa Il Rash, ()T interval prolongation,
Fanidak forms) Phase [ for hmg cancer nawseq, diarrhea, hypokale-
LBH589 mia, and thrombocytopenia

S*BID NA Small-molecule HDAC HIDAC Phase I Fatigue, troponin elevation, and
NA mhibitor Phasa I for hmg (o ongoing QT prolongation
SR030 trials)

Curiz NA Hydroxamic acid HDAC HERZ EGFR Phasa b Fatipue, increased creatinine,
NA and increased hepatic
CUDC-101 ENZyMESs

Pharmacyclics MNA Cyclic tetrapeptida Class I and I1 Phasa I'TI
MNA
PCI-247E1

Glovcestor Pharmacen-  MNA Cyclic Class [ Phase lIb

ticals MNA tetrapeptidedepsipeptide) Phasa I for hmg

FE-228

Chroma therapeutics NA Small-molecule inhibitor Class | HDAC iso- Phase [ Fatipue, nansea, and vomiting
MNA forms
CHR-3086

Movartis Dacinostat Hydrooamic acid derivative Class I and 11 Drrug dropped from farther
NA development after phase |
NVP-LAQEZ4

Izlformaco Givinostat Hydromamic acid derivative  Class [ and 11 Currently being studied in
MNA hematodogic malignancies in
ITF2357 phase [

Somaiah
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Proteasome and FGFR inhibitors

Ceneric Name

Targeted and biologic therapies for NSCLC

Trial Sponsering Trade Name Current Phase of
Class of Apeni(s) Entity iies) Other Mameq{s) Type Targeds Development Sipnificant Side Effecis
Proteasome Millennitm Pharma- Bortexomib Reversible inhibitor 265 proteasome and FDA approved fordul- Asthenia, nausea, diarrhea,
inhibitors ceuticals (akeds velcade client proteins (i.e., tiple myelomahantle cell constipation, peripheral
oncology ) Ps-341 p27,. p33, NFKR, hymphoma neurapathy, bypotension, and
Bel-1, Bax) Phasa I for MSCLC thrombocytopenia
Omyx Pharmacewticals  Carfileomib Irreversible inhibitor 208 proteasome Phasa Il Pancytopenia, peripheral
NA subnmit Phase [ for hmg cancer neurapatiy
PR-171
Millennium Pharma- NA Reversible inhibitor 208 proteasome Phasa LTI Anorexia, debydration, fatigue,
ceuticals (akeda NA subumit Phasz [ for hmg cancer nawsea, peripheral sensory
oncology ) MLNOTOE neurapatiry, macular rash,
renal faflure and thromboacy-
topenia
MNerews Pharmeceuticals  Salinosporamide A Irreversible inhibitor 208 catalytic core Phasa | Fatipue, nausea, and neurologi-
MNA subnmit of the pro- cal tonicity
NPI-0052 teasome
Cephalon and ethical NA Slowly reversible Inhibits chymotrypsin-  Phasa |
oncology science MNA liki activity of
CEP-18T70 proteasome
FCFR inhibitors Brigtol-Myers Squibb ~ Brivanib Small-molecule TEI1 FGFR and VEGFR-2 Phasa I Hypertension, and fatigus
MNA Phase [ for MSCLC
BMS-582664
Naowartis Donvitingbs Small-molecule inhibitor FGFR-1.2.3, PDGFR,  Phasz 1 Hypertension, anorexia, nauses,
NA YWEGFR-2 Phasz | for hmg cancer vomiting, fatigee, and
TKI-158 headache
Five prime therapeutics  FP-1030 Soluble fusion protein FGF ligand trap (mul-  Phasa [ Neutropenia, bowel perfora-
consisting of 2 portion of tiple FGFs) Phasa | incheding lung (com- tion, urticaria, and atrizl
the FGFRI lmked to Fc pleted) fibrillation
portion of IgG1
Astrafeneca MNA Small-molecule inhibitor FGFR1.2.3 Phase LTI
NA Phase | for hmg cancer
ATD454T
ARIAD Ponatinib Small-molecule inhibitor Pan-FOFR inhibi- Phasa I CMLCarrently no Laow platelet counts, headache,
NA torPan-BCH ABL climical trials in solid tumors  nawsea, joint pain, fatigue,
AP24534 inhibitor initiated yer anemia, increasad lipase,
muscle spasms, rash, and
pancreatitis
Taiho Pharmaceutical — TSU-68 Small-molecule inhibitor EGFR, PDOGFR, Phasa I[INo active trials for Fatipue, AST/ALT elevation,
VEGFR hmg and diarrhea
MNaovartis MNA Small-molecule inhibitor FGFR1.2.3 Phass [
NA
BGI398

Somaiah
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Targeted and biologic therapies for NSCLC

Hedgehog antagonists and hormone therapy

Ceneric Name

Trial Sponsering Trade Name Current Phase of
Class of Apeni(s) Entity iies) Other Mameq{s) Type Targeds Development Sipnificant Side Effecis
Hedpehop Genentech Vismodegib Small-molecule inhibitor Smoothened receptor Phasa I Dhyspeusia, hyponatremia,
antaponisis NA in the somic hedge- fatigue, and muscle spasms
GDC-0440 heog pathway
MNawvartis NA Small-molecule inhibitor Smoothened receptor  Phase [1 Fatipue, nausea, anorexia, mus-
MNA in the hadgehog Phase | for hmg cancer cle cramips, and dyspeusia
LDE 225 patbiway
Infinity MNA Small-molecule inhibitor Smoothened receptor  Phasa [1 Fatipue, nauses, and transa-
NA in the hadgehog Phasa | for hmg minitis
IPI-026 pathrway
Brigtol-Myers Squibh/  NA Small-molecule inhibitor Smoothened receptor  Phase | Drysgeusia, hypophosphatemia,
exelixis NA in the hadgehog muscle spasms. and increass
BMS-330237 X[-1395 pathrway in lipase
Pfizer NA Small-molecule inhibitor Smoothened receptor  Phase |
MNA in the hedgehog
PED4449013 pathrway
Eli Lilly NA Small-molecule inhibitor Smoothened receptor  Phase |
MNA in the hedgehog
LY 2040680 patbiway
Hormone therapy  Astrafeneca Fulvestrant Blocks estropen activity Estrogen recepior FDA approved for hormone Huot flashes. injection-site reac-
Faslodex throwgh receptor receptor positive brezst tion, headache, pastrointes-
ICI 1E2780 cancer tinal disturbances, and back
Phase I for postmenopausal pain
women with NSCLC
Astrafeneca Anastrazole Decreases estrogen in post- Aromatase inhibitor FDA approved for hormone Hot flashes. joint disorders,
Anmidex menopausal women receplor positive breast OSBOPOTDEES, Tauses, mood
cancer changes, and hypertension
Phase I for postmenopausal
women with NSCLC
GTx Inc Enchosarm A selective androgen receptor  aryl propionamides Phase 111 Hair growth/vinlizaton, pros-
Ostering modulator tatic byperplasia, elevated red
GTx-024 blood cell counts, decrease
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fanction abnormalities



Class of Apeni(s)

Targeted and biologic therapies for NSCLC

Trial Sponsering
Entity iies)

Hypoxia activated prodrug

Ceneric Name
Trade Name
Other Mameq{s)

Type

Targeds

Current Phase of
Development

Significant Side Effects

Hypoxia activated
prodrug

Threshold Pharmaceu-

ticals

Proacta

Nowvaces

SR International

NA
NA
TH-302

MNA
PR-104

Banoustrons
NA

AQIN

Tiraparamine

SR-42313

Tumor-selective hypoxia
activated prodrog

Tumaor selective hypoxia
activated preprodneg

Tumor-selective bypoxia-
activated prodrog

Benzoiriarine di-N-oxide,

which acts as a hypoxia-

activated cytotoxin
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2-Mitroimidazole moi-

ety is trigperad by
hypowic conditions
to release DMNA-
alkylating dibroma
isophosphoramide
mustard

Comverted to & prodneg

that is redoced under
hypaxic condi-

tioms o & hydrox-
ylaminemetaholite,
FR-104H, which is

A cytoloxic nitrogen
mustard alkylating
Agent.

Comverted selectively

umder bypoxic con-
ditions to the drug's
active form, AQd, a
PobEnl O SomeT-
asa I1 inhibitor

Forms free mdicals in

hypaonic cells that
cause DMA damape.
Also sensitizes
hypoxic cells to kon-
ixing radiation and
inhibits the repair
via inhibition of
topoisomerase [1

Phase 11
Phasa VIl for NSCLC

Phase Il (phase 11 in NSCLC
and SCLC terminated)

Phasa LTI
Mo sctive trials for hmg

Phase Il completed
Mo longer underdevelopment
for lung or other cancers

Skin besions, mucositis, fatigoe,
and nausea,

Cytopenias, nausea, vomiting,
and fatigue

(iotoxicity, muscle cramps,
nawsea, and vomiting



Targeted and biologic therapies for NSCLC

HIF-1 inhibitor and immunomodelatory agents

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
HIF-1 imhibitor Omeothyreon PX-ATE Small-molecule inhibitor HIF-1ex Phase [ Anemia, fatigue. nausea,
elevated AST/ALT
Eon Pharmaceuticals EZM-2968 HIF-1i: mBMNA antapomist HIF-1e Phasa | Viomiting and fatigue
Immunomodulatory  Celgene Lenalidomide revlimid Immunomodulstory, FIDA approved for Multiple Myelosuppression, rash., and
apents CC-5013 anti-inflammatory, myeloma,Myelodysplastic thrombaosis
and antiangiogenic syndromse.
Phase Il completed for
NECLC
Celgene Thalidomide Immunomodulstory, FIDA approved for -multiple Sommnolence, peripheral new-
thalomid anti-inflammatory, myeloma ropatiny, dizziness, newtrope-
and antiangiogenic Phasa 11 for NSCLC nia, thrombosis, and rash
Agennix Talactoferrin Recombinant human lacto- Dendritic cell recruiter  Phase I mndomized trial ve.  Diarthea
NA ferrin and sctivator placeho negative for OF in
rhLF previously treated NSCLC
Immunomodulatory Brigol-Myers Sguibb  Ipilimumab IgG1 Human MoAB CTLA-4 FDA approved for metastatic  Pash, diarrhea (au-
antibdies Yervay melanoma toimmune colitis),
MDX 010 Phase I for lung cancer. hypothyroidism, ypophisitis,
and hepatitis
Medimmune Tremelimumah 132 monoclonal antibody CTLA-4 Phase II (malignant mesothe-
ticilimumab lioma}
MNA
CP675.206
Brigol-Mevers Sguibh ~ NA Human IgG4 MoAB Inhibitor of PID-L1 Phase [ Rash, diarrhea, fatigue,
NA hypothyroidism, ypophisitis,
MDX-1105 and hepatitis
Brigol-Mevers Sguibh ~ NA Human IgG4 MoAB Inhibitor of POz Phase [ Rashlymphopeni, arthralgia,
MNA receptor expressed and myalgia
MDX- 1106/ on activated T cells,
BMEI36558 ONOYSIE and may suppress
AnImoT immumity )
GlaxoSmithK line ! NA Fe-fasion protein Targets PD-L2, which ~ Phase 1
Amplimmune MNA binds to PD-1
AMP-224
Brigol-Myers Squibh ~ BM5-663513 Humanized MoAR Agonigt of CID-137,2 Phase II (terminated) Neutropenia, ebevated liver
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THNF receptor

Phase | in combination with
chemoradiation in NSCLC
(terminated)

enzymes, rash, pruritus, diar-
rhea



Targeted and biologic therapies for NSCLC

IAP antagonist and IGF-1R inhibitor

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
TAPs antagonist Human Jenome Sci- NA Small-molecule Smac LA antagonist Phase [ MNausea, anorexia, diarrhea,
ences’ Aegera NA mimetic fatigoe, elevated amylase and
HGSE 1029 AEG 40826 lipase, and supraventricular
tachycardia
Tetralogic MNA Small-medecule Smac LA Ps antagonist Phase LTI
MNA mimetic
TL32TII
Ascenta Therapeutics ~ NA Small-molecule Smac Mult-1A P antzpomnist Phasa |
MNA mimetic (XIAP c-IAPL, -
AT-406 1AP2, and ML-1AF)
Genentech MNA Small-molecule peptide 1APs antagomnist Phasa |
NA Smac mimetic
GDCIT
MNawartis MNA Small-molecule Smac 1APs antagomnist Phasa |
MNA mimetic
LCLI&1
ICF-1R inhibitor Pfizer Figitumumah Ip(32 type human MoAB IGF-1R Phasa III terminsted (further  Cardiac toxicity, hypergly-
CP-T51871 development halted) cemia, asthenia, anorexia,
preumonia. defrydration, and
early death.
OS] Pharmaceuticals’  MNA Small-molecule inhibitor IGF-1R and IR Phasa I MNausea, vomiting, fatigoe,
Astellas MNA Phasa Il for NSCLC hyperghycemia, and elevated
liver emzymes.
Ampen NA Ip{3 1-type human MoAB IGF-1R Phasa 11 Thrombocytopenia, neutrope-
NA Phasa VIl for lung was termi- nia, hyperghycemia, fatigue,
AM nated based on results from rash, elevated LFT&, and
similar study asymptomatic TSH increase
ImClone Cixutumumab Ip{3 1-type human MoAB IGF-1R Phasa 11 Pruritus, rash, anemia, hy-
NA perghycemia, and infusion-
IMC-AIZ related reaction
Merck Dalotuzmmah Ip(3 1-type humanized MoAB  IGF-1R Phasa 11 Fatipue, hyperglycemiz, nawsea,
MNA constipation,, and dizrrhez
ME-0646
Biogen idec BIIBO22 Human nonglycosylated IGF-1R Phasa 11 Hypertension, fatipoe, dyspnea,
1g0G4 MoAR Phase [ for MSCLC and ()Tc prolongation
Brigtol-Myers Squibb ~ NA Small-molecule reversible IGF-1R and IR Phasa | Fatipne and hyperglycemia
MNA mhibitor
BMS-T54807
Sanofi-Aventis NA Humanized MoAB IGF-1R Phasa Ull{no active trials. Hyperglycemia, asthenia and
NA Company discontinuad bypersensitivity
AVEI642 development)
Genmab & Poche Robatumumab Ip{3 1-type human MoAB IGF-1R Phasa Il (development is Fatipoe, anorexia, and weight
NA halted) loss
R1507
Schering-Flough Robatumumab Ip{3 1-type human MoAB IGF-1R Phasa Il (development halted)
NA
SCHT17454
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Targeted and biologic therapies for NSCLC

Integrins and mTOR inhibitors

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
Imtegrins. Merck Serono Cilengitide Cyclic peptide o foanda f, Phase 111 Lymphopenia, thrombocyto-
MA mtegrin Phasa Il for NSCLC penia, neutropenia, fatigse,
EMDI21974 AL AOrExia
PDL BioPharma and Volociximab Chimeric MoAB a5 1 integrin Phasa 11 Fatipue, nansea, constipation,
Biogen Idec diarrhea, and arthralpia
M200
Pfizer NA& Human IgG1 MoAB a5 1 integrin Phasa |
MNA
PE-04605412
Medimmune Vitaxin Humanized lgG1 MoAB a S 1 integrin Phase | Chills, fever, and nausea
MNA
MEM-512
mTOR inhibitors Prizer (Wyeth) Temsirolimus Ester analog of rapamycin mTORC] FDA approved foradvanced Fatiguwe, rash, asthenia, hypergly-
Tonse] renal cell carcinoma cemiz, byperlipemia. hypo-
CCI-TT9 Phase II for NSCLC phosphatemia, myelosuppres-
sion, nausea, and disrrhes
Niowartis Everolimus Derivative of the natural mTORC] FDA approved for advanced — Stomatitis, asthenia, ponewmo-
Afimitor macrocyclic lactone renal cell carcinoma nitis, fatigue. infections,
RADO01 sirolimus Phase I for NSCLC closed diarrhea, and neutropenia
(Gefitinik +Everolimus)
Merck/Ariad Ridaforolimus Small-moleculeserine'threc-  mTOR Phasa 111 Fatipue, anorexia, and mucositis
Taltorvic (proposed) ning kinase mhibitor Phasa I for NSCLC
AP-23573
Generic drag with mul-  Sirolimuos A macrolide derived from mTORC] Phase LTI Cytopenias, hypoalbuminemia,
tiple manufacturers  Rapamume Sireptompces kygroscopi. hyperphycemia, hypercholes-
Rapamycin =) terolemia, and hypertrighye-
enidemia
Astrafieneca NA ATP competitive small-mole- mTOR C1.2 Phase LTI Transaminitis.,
MNA cule inhibitor
AZD BOSS
051 Pharmaceuticals NA Small-molecule inhibitor mTORC]2 Phasa I
MNA
031027
MNaovartis MNA Small-molecule inhibitor PRKmTORCI Phase I'1I
NA
BEZ 235
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Class of Apeniis)

Targeted and biologic therapies for NSCLC

Trial Sponsoring
Enitity iies)

c-MET/HGFR pathway inhibitors

Ceneric Name
Trade Name
Other Mame{s)

Type

Targeds

Current Phase of

Development

Significant Side Effects

e-MET/HCFR
pathway inhibi-
tors

ArQule

Roche/Genentech

Ampgen

AVED Pharmaceuaticals

Astex Pharmaceaticals!/

MethylGens

Merck

Bristol-Myers Squibb

Incyte

Ampen

Eli Lilly

Pfizer

Johnson & Johnson

50X Pharmaceuticals

Tivantinib

ARQI9T
Umarturumab

NA
MetMabRG3638
Rilptuamumsh
NA

AMG 102
Ficlatuzumab

NA
ANV-290/BCHO00103
Amuvatinib
NA

MP-470

NA

NA
MGCD265
NA

NA
ME2461
NA

NA
BMETT7607
NA

NA
INCB2EDG0
NA

NA

AMG 208
NA

NA
LY2875358
NA

NA
PE-421T903
NA

NA
JTNI3SRTTE0S
NA

MNA
SGX523

Small-molecule inhibitor

Humanized monovalent

MoAR

Human IgG2 MoAB

Humanized lgG1 MoABR

Small-molecule inhibitor

Small-molecule inhibitor

Small-molecule inhibitor

Small-molecule inhibitor

Small-mlecule inhibitor

Small-molecule inhibitor

Humanized lg(G4 MoAB

Small-molecule inhibitor

Small-molecule inhibitor

Selective small-molecule
mhihbitor
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c-MET! HGFR

c-MET

HGF (ligand)

HGF {Tigand)

KIT, c-MET, RET,
PDMGFR, FLT3

c-MET, VEGFR1.2.3,

Rom, Tie-2

c-MET

c-MET

c-MET

c-MET

c-MET

c-MET! HGFR

c-MET

Met

Phase Il

Phase Il

Phase L1

Randomized phase 11

Phase I (3CLC)

Phase LI

Phase LTI

Phase LTI

Phase 1

Phase 1

Phase 1

Phase [ (terminsted)

Phase [ (terminsted)

Phase [ (terminsted)

Hepaintoxicity

Peripheral adems

Fatipue, constipation, anorexia,
nawsea, and dyspnes

Fatipne, peripheral edema,
headsche, and diarrhea

Elevation in Creatining

Nephrotoxicity, fatipue, pyTexia,
nawsea, and vomiting



Targeted and biologic therapies for NSCLC

MEK inhibitors

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
MEK imhibitors Astrafeneca’Amay Selumetinib Albosteric inhibitor MEK % Phasa Il Rash. diarrhea, nausea, and
BioPharma NA Phasa Il completed in NSCLC emests
AZDGIALARRY 142880 (phase | ongoing in KRAS
& BRAF mutants)
Merck KGaA/EMD NA Noncompetitive small-mole-  MEK 112 Phasa LTI Asthenia, diarrhea, constipa-
Serono MNA cule inhibitor tion, rsh, nasea. and
AS TO3026' vHmiting
MSC 19363608
Ardea Biosciences NA Albosteric inhibitor MEK 172 Phasa LTI Rash, diarrhea, nausea. vomit-
NA ing, fatigue, and peripheral
RDEATIW BAY 807G edema
GlaxoSmithK line Trametinibk Albosteric small-molecule MEK 112 Phasa I' [1 Rash, diarrhea, and central
MNA mhibitor serous retinopathy
GSK1120212
MNaowartis NA Small-molecule inhibitor MEK Phasa [IPhase | m lung cancer
MNA
MEK 162
Pfizer MNA Small-maolecule inhibitor MEK 12 Phass 1 Chcular toxicity, newrological
NA tomicity
PDA25901
Astrafeneca’ Armmay MNA Small-molecule inhibitor MEEK 1 Phasa |
BioPharma NA
AZDEI30
Genentech NA Small-molecule inhibitor MEEK 1 Phasa |

GDC-0873 XL518
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Targeted and biologic therapies for NSCLC

Inhibitors of mitosis

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
Polo-like kinase Boechringer ingelheim ~ NA ATP competitive small-mole-  Plkl (serine threoning  Phasa 11 MNeutropenia, fatigee, and
inhibitar MNA cule inhibitor kinase) nalsea
BI-2536
Boehringer ingelheim  Volasertib Dibydropteridinone deriva- Plkl (serine threoming ~ Phasa 11 Anemia, neutropenia. thrombo-
NA tive (binds to ATP-binding kinase) cylopenia, and fatigee
BI-6727 packet)
GlaxoSmithKline MNA ATP competitive inhibitor Plkl (serine threoming  Phasa | Fatipue, anemia. abdominal
NA kinase) pain
GEK461364
Merviano Medical Sci-  NA Small-molecule inhibitor Plkl (serine threomine ~ Phase 1
enCes MNA kinase)

NMS1 286037
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Targeted and biologic therapies for NSCLC

Notch pathway inhibitors and osteoclast function modifiers

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
Notch pathway Roche NA Gamma secretass inhibitor v secTetase inhibitor Phasa I Asthenia, nausea, diarrhea,
imhibitors MNA (Pan-notch) hypophosphatemia, and
RO 4820047 pruritis.
Merck NA Gamma secretass inhibitor v secTetase inhibitor Phase LTI Abdominal cramps, diarrhea,
MNA (Pan-notch Phase [ in lung cancer nausea, and fatigoe
MEOT52
Piizer NA Gamma secretass inhibitor v secTetase inhibitor Phase [ Gastrointesting] toxicity (re-
MNA (Pan-notch) duced with steroids)
PFO30E4014
Begenaron MNA Human MoAB Delta-4 ligand Phasa |
MNA
REGN4ZI
Osteaclast fune- Miwvartis Foladronate Farnesyl pyrophosphate Osteoclast inhibitor FD& approved for Osteoporo-  Hypocalcemia, osteonecrosis of
tion modifiers Tometa sisCancer-related bone me- Jaw, and renal toxicity
(imiportant in NA tastases (multiple myeloma
bone medastasis) and solid tumors)
Ampgen Denosumab Fully human monoclonzl RANK higand inhibitor ~ FIA approved for Osteopomosis - Hypocalcemia, osteonecrosis of
XgevaProlia antibady (transmembrans Prevemtion of skeletal-related  jaw, serious infections, and
AMG-162 protein important for events in patients with skin reactions
osteoclast activity home metastases from solid
and survival) tumaors
Procter & Gamble Etidromate Bisphosphonate-ATP requir-  Ostaoclast inhibitor FD4 approved for symptom-  Esophagitis, arthralpias, and
Pharmaceuticals Dadronel mg small molecule atic Paget’s disease. and hypersensitivity reactions
hypercalcemia from cancer
Phase I for bone metastasis
Naovartis Alendronate Nitrogen containing bisphos-  Osteoclast inhibitor FIDA approved for osteoporosis  Esophagitis, osteonecrosis
Fossmax phonate targets famesyl Phase II for bone metastasis of jaw, delayed healing,
myrophosphate synthase hypersensitivity reaction, and
bone/musch: pains
Merck NA Integrin antagonist- decreas-  avfd Phase I for osteoporosis. (ot
MNA es bone resorption being pursuad further)
L-DD0E45T04
Merck Odanacatib Anti-cathepsin K, (decreases  Cathepsin K (osteoclast  Phase 1 for osteoporosisMo
MNA& hone resorption) specific enzyme) open cancer-specific tnals
ME-0812
Miovartis Balicatib Anticathepsin K Phasz II for ostecporosisMo
NA Open cancer trials
AAE-5E]
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Targeted and biologic therapies for NSCLC

Ceneric Name

PI-3K/AKT inhibitors

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
PI-3K/AKT Merck MNA Non-ATP competitive al- Akt Phasa 11 Rash, mucositis. and gastroin-
imhibitors: NA losteric Akt testinal toxicity
AKT inhibitors ME2106
Agouron Pharmaceu- Nelfimavir Protease inhibitor Akt Phase Il (Phase 11 for hang ter-  Diarrhea, rash, fatigue, leuko-
ticals Viracept minated due to poor accnml)  penia
AG 1343
Keryw/A0 Pharmacen-  Perifosne Alkylphospholipid Akt Phasa VIl {(NSCLC trial Nausea, vomiting, dizrrhea, and
ticals MNA suspended) fatigue
KRX-0401
P-3K inhibitors Movartis NA Small-molecule inhibitor PI-3K {pan-class 1), Phasea LTI Nausea, emesis, diarrhea,
NA mTOR complenas fatigue, and anemiz
BELI3S 12
Movartis NA Small-molecule ATP com- PI-3K {pan-class 1) Phasa 1 Rash, hyperghycemia, altered
NA petitive inhibitor mood, and pruritus
BEMIZ0
Omconova Therapeutics  Rigosertib Mon-ATP competitive small-  PI-3K inhibitordoan- Phass I Fatipue and anorexia
estyhon malacule mhibitor regulztes Cyclin Phasa I in solid tumors includ-
ONDI9I0 ], induces NOXA, ing lung cancer
BIM and JNK
Exelixis MNA Small-molecule inhibitor PI-3K (class | iso- Phasa 11 Rash, arterial thromboss,
NA forms) Phase [ for hmg cancer transaminitis, and hypergly-
XL147 cemia
MNaowartis NA Dual small-molecule inhibi-  PI-3K and mTOR Phasa VIl {completad)
MNA for
NVP-BGT226
Omeothyreon NA Irreversible small-molecule PI-3K, lowers Phasa LTI Diarrhea, nausea. and vomiting
NA mhibitor (Wortmanin p-mTOR, p-36 rbo-
PX-B65 analog) somal profein
Genentech NA Small-molecule inhibitor PI-3K (class | iso- Phasa | Nausea, fatigue, diarthea, dys-
NA forms) geusia, headache, and plewral
GDC-0841 effuson
Pfizer MNA [Dual molecule mhibstor PI-3K and mTOR Phass 1
NA
PE-04681502
Exelixis NA Dmal selective oral inhibitor  PI-3K (Class 1) and Phasa | Nausea, diarrhea. transaminitis,
MNA& mTOR rash, anorexia, and fatigue
XL765
Bayor BAY80-6044 Highly selective reversible Pan-class [ P1-3K Phasa | Fatigne, nausea, diarrhea, muco-
mhibitar sitis, dysgeusia, and anemia
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Targeted and biologic therapies for NSCLC

PDGFRa and PARP inhibitors, SMAC mimetics, SURVIVIN and telomerase inhibitors

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
PIMCFRa inhibitors  Imclone LLC Ramucirumah Human IgG1 MoAB PDGFRa Phasa I Fatipoe
MNA
IMC-3G3
Medimmune MNA MoAB PDGFRa Phasa I
MNA
MEDM-575
PARP inhibitors Sanofi-Aventis(BiPar Iniparib Small lipophilic molacule PARP-1 Phasa I (squamses} Mausea and fatigue
Sciences) MNA mhibitor
BSI-201
Pfizer Rucaparib Small-molecule inhibitor PARP-1 Phasa 11 Fatipue, thrombocytopenia,
NA Phase [ for MBCLC hypophosphatemia, and
AGD14600/PE-01 367138 hymphopenia
Abbott Velipanb Small-molecule inhibitor PARP-], 2 Phasa II Fatipue, neatropenia (with
MNA chematherapy)
ABT BER
Astrafeneca (Haparib Small-molecule inhibitor PARP Phase 11 Mausea, fatipue, and anemia
NA Phase LTI for lung cancer
AZD2IEI
Merck MN& Small-mlecule inhibitor PARP-1.2 Phase | Fatigue, nanses, myelosappres-
MNA sion
MEJ4E2T
SMAL mimetics Tetrzlogic Birinapant Small-molecule Smac Antzponizes LAPs Phase [
NA mimetic
TLI2TII
Ascenta Therapeutics  MNA Small-molecule Smac Antzponizes LAPs Phase [
MNA mimetic
AT-406
SURVIVIN imhibi-  Isis Pharmaceuticals MNA Antisense oligonuclectide Blocks survivin Phasa I PTT prolongation, headache,
tors and Eli Lilly NA hymphopenia, fever, fatigue,
LY21E1308 and nausza
Astellas MNA Small-molecule inhibitor Suppresses survivin Phasa I Hypertension, neutropenia,
NA fatigne, nausea, stomatitis,
YM155 and fever.
TELOMERASE Geron Corporation Imetelstat Competitive telomerase RNA - Telomerase Phasa I PTT prolongation, gastroin-
imhibitors NA template antaponist testinal side effects, fatigue,
GRMISIL anemiz, GGT elevation, and
peripheral neuropathy
University of Maryland ~ Sodium metzarsenite (Oral arsemic agent Telomerasea Phase [

NA
KMLODI
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Targeted and biologic therapies for NSCLC

TRAIL receptor agonists and vascular disrupting agents

Ceneric Name
Trial Sponsoring Trade Name Current Phase of

Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
MediciMova NA Binds reversibly to the Dasnpts the endo- Phase [ {completed) Nausea, vomiting, bypotension,
MNA colchicine-binding site on thedial tubulin fatigoe, disrrhea
MMN-02% tubnslin cytoskeleton
Astrafieneca MNA Small-moleculs VDA Dasnupts the endo- Phase [ {completed) Anaorexia, constipation, dys-
NA thefial twbulin prea, and fatigue
FD6126 cyloskeleton

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012



Class of Apeniis)

Targeted and biologic therapies for NSCLC

Trial Sponsoring
Enitity iies)

Ceneric Name
Trade Name
Other Mame{s)

Vaccines

Type

Targeds

Current Phase of

Development Significant Side Effects

University of Mizami,
Sylvester Cancer
Center

NCI

Corixa Corporation

University of Pittshurgh

Memaorial Sloan Ketter-
ing Cancer Cender

NA
NA
Ad100-gpB6lg-HLA Al

MAGE-12 peptide
vaccine (emulsified in
Montanide 15A-51)
MNA

PVAX/LS23E and Ad/
L5238

MNA

Semiallogenseic human
fibroblasts (MRC-5)
transfacted

MNA

WT-1 znalog peptide
VAECIng

MNA

Irradiated NSCLC cells,

manipulated to express and
secrete heat shock proein

gpi6-lg fusion protein
Peptide vaccine

Recombinant DNA and ad-

enovinus expressing 15238

protein

Fibroblasts transfected with

DINA from antobogous
mumar

Peptide vaccine

Somaiah N et al. J Thorac Oncol 7(Suppl 5):S342-S368, 2012

CTL response apzinst
NSCLC cells

MAGE-12 Antigen-
positive fumors

Antobogous tamor cells

WT-1 gene-expressing
tumors

Phase |

Phasa Hall solid tamors-
completed)

Phase [ (no updates available)

Phasa I (suspended due io
finsding)

Phassa I for mesothelioma



Targeted and biologic therapies for NSCLC

Anti-sense oligonucleotides and anti-body engineering

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
Anti-Sense Genta Oblimerson Antisense oligo-decxyribo- Bcl-2 Phasa ILTII Fever and elevated lver
Digonucleotides Genasense mucleotide ENZyMEs
G139
OmeGenex Custirsen ASD Clusterin Phase 11 (prostate)
MNA Phase VIl for NSCLC
OGX 011
Isis pharmacedticals &  NA ASD Blocks survivin Phasa I1 PTT prolongation, headsche,
Eli Lilly NA Iymphopenia, fever, fatigue,
LY21E1308 and nausza
Isis pharmacewticals MNA ASD H-ras Phase II (completed)
MNA
ISIS 2503
Isispharmeceuticals MNA ASOagainst c-Faf kinase Raf-1 Phasa I1 Mild hematologic toxicity,
NA mitMA expression asthemia, fever
ISIS 5132
Eli lly Isis Pharmaceu- A ffinitac ASRD Protein kinase C alpha  Phase Il completed. Farther
ticals NA development discontinued.
LY 900003
515 3521
Therapeutic anti- Trion Pharma Catumanomab Rat-muringe hybrid momno- EpCAMICD3 Phase I1}{phase LI for lung Fever Mausea, Vomiting
by enpineering Removah clonal antibody hinding cancerjApproved in Europe
(movel tarpets, o EpCAM and CI3 for malignant ascitis
amtibody-dmeg antibody
conjugzates, anti-
bty frapments)
Genzryme NA Human IgG4 MoAB Pan-nentralizing Phase Il {mesothelicma)
NA TGF-g
Peregrine Pharmacer-  Baviluximab Chimeric lpG1 MoABR Membrane phosphati-  Phase 1 Mausea, fatigue, headache,
ticals Tarvacin dylserine complexed alopecia, anemia, and byper-
UNI-QIGCTRSN2S with [i2-glycoprotein tension
304 1 on fumor vasculature
Alder Pharmaceuticals  ALDS1E Anti-1L-6 antibody To treat anemia, cz- Phasa I
chexin, and fatigue
Acceleron and Celgene  Sotatercept Fully human soluble activin Activin Phase 11 Headsche, paresthesia, dixxi-
NA recephor type 2A 1gG-Fo antagonist|increases ness, fatigue, and hyperien-
ACE-D11 famon protein hemoglobin and siom
also mcreases bone
mimerzal density)
Lpath/Merck-Sereno Sonepcizumab/ASONEPF  Humanized MoAB Shingosine-1-phos- Phasa | Infusicn reaction
phate
Micromet AG MTII0 EpCAMACD? bispecific anti- EpCAMCDA Phasa | Fever and elevatad liver
body construct |BiTE) ENZymes
Pfizer CVX-045 Human MoAB Thrombospondin-1 Phase [ Fatipue, gastroimtestinal upset,
Mimetic dyspnea, headache, dizziness
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Targeted and biologic therapies for NSCLC

Therapeutic viruses and others

Ceneric Name

Trial Sponsoring Trade Name Current Phase of
Class of Apeniis) Enitity iies) Other Mame{s) Type Targeds Development Significant Side Effects
Pfizer PE-00562271 Reversible FAK inhibitor FAK Phase [ Headsche, nausea, and periph-
eral neuropathy, diarrhea,
fatigne, edema
Astrafeneca 04054 ETAR antepomnist ETAR Phasz I
Astrafeneca AFD 6918 Small-molecule inhibitor Tropomyosin-related Phase [ {development discon-
kinases tinwed}
Eisai Inc. Eribulin mesylate Mon-taxane microtubule Phasa I1 Fatipue and cylopenias
ET389 dymamics inhibitor
¥ion Trizpine Rihonucleotide reductase Phasa I
Pharmaceuticals NCI mhibitor{enhancing the
activity of gemcitabine )
Brigol-Mevers Squibh  Epofolate Folate conjugate of epothi- Phase [ Fatipoe, nausea, elevated liver
BME-T53493 kne analog BMS-T48265 enrymes, and diarrhea
Daiichi Sankyo Efatuiazone PPARy agonist PPAR- Phasa I Fluid retention
MNA
CETOIT/ RE5444
Pfizer/Omyx MNA Small-molecule inhibitor CDE 4% inhibitor Phasa I
MNA
PD 0332991
Pfizer Celacoxib Eicomnoid Cyclooxygenase-2 Phasa I
celebrex or celebra for inhibitor
arthritis;
Umsenal for polyps
Trapara Pharmacew- Aprecoxib A benzenesul fonamide Small-molecue selec-  Phase I1
ticals C5-Th6. TGO nonsteroidal anti-inflam- tive Con-2 imhibitor
Capoxigem matory drug
Quintessence Bicsci- QBI-13% Variant of human pancreatic© Capses degtruction of  Phasa |
ences nbonuclease | EMNA
Pfizer CWX-060 Ant-Angiogenic COVE- A selective angiopoi- Phase [ Fatipoe and proteinuria
Body etin-2 binding
Astrafeneca MNA Small-molecule inhibitor JAKT kinase Phasz [
MNA
AZDI4ED
NCI 4-{N- Synthetic tripeptide trivalent  Angiogenesis inhibitor  Phase [
{ S-ghatathionylacety- arsenical that targets the mit-
lamina} phenylarsonows cohondria o actively
arid dividing but not
quiescent endothelial
cells arresting their
profiferation and
CAUSING APOpLosis
Introgen Therapeutics  DOTAP: chol-FUS1 Lipid-based nanoparticles Fusl tumor suppressor  Phase [ Fever and hypophosphatemia
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Characteristics of cancer cells

Sustaining proliferative
signaling

Resisting Evading growth
cell death SUppPressors

Inducing Activating invasion
angiogenesis and metastasis

Enabling replicative
immortality

Hanahan D et al, Cell 144:646-674, 2011



Molecular alterations in lung cancer

Europe
All histology

EGFR EGFR
(sensitising) (resistance)
9.5% 0.8%

HER2 0.9%

KRAS 27%
UKN/Other

53.8%

\_ BRAF 1.7%

(n=9,911)

ON)

Adenocarcinoma

EGFR
(sensitising)
17%
No oncogenic
driver detected

36% EGFR (other)

4%

: \_ HER2 3%
Mut >1 gene
AN ~_ KRAS 25%
MET 1% _—/
NRAS 1% \ BRAF 2%
MEK1 <1% ALK 8% PIK3CA 1%
(n=733)

East Asia

Adenocarcinoma,
never smokers

UKN/other
9.6%
ALK 5.8%
KRAS 1.9%
HER2 3.8% _/!
EGFR 78.8%
(n=52)

Johnson, et al. ASCO 2013

Sun, et al. J Clin Oncol 2010; Barlesi, et al. ASCO 2013



Magnitude of genomic derangement

Mutations n=109 81 64 38 316 100 17 82 28 119 21 40 20
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Drugable targets in smokers and never smokers

Therapy class Gene target Smokers Never Smokers Targeted therapy
S/T kinase _c AURKC | AMGS00, CYC116, GSK1070916, etc. [5]
inhibitors BRAF GSK2118436, Vemurafenib. [2]
. HGF Ficlatuzumab, Rilotumumab. [2]
RTK ligands VEGFA Afiibercept, Bevacizumab, Thalidomide. [3)
. EGFR AEE 788, AV-412, AZDBS31, elc. [22)
IEGFR 't\rrll:vs‘lne { ERBB3 AZDBS31, MM121, U3-1287/AMGSAS. (3]
kinase inhibitors ERBBY BMS-599625, Peiini. [2)
FGFR1 AZD4547, BGJ3SB, Dovitinib, etc. [6]
FLT4 Auxitinib, Cediranib, Lenvatinib, elc. [13]
Other receptor IGFIR — AMG 479, AVE 1642, BIIBO22, etc. [11]
: : MET AMG 208, ARQ197, Amuvatinib, etc. [15]
tvr;sr:riil;tk;rr\:se RET ATE283, Amuvatinib, Cabozantinib, ete. [8]
PTKZ PF-00562271. [1]
CSFIR Dasatinib. [1]
EPHB4 XLBAT. [1]
Cytoplasmic Jakz2 AT9283, AZD1480. [2]
tyrosine kinase JAK3 AT9283. [1]
inhibitors LYN AST703569. (1)
HSPI0AAT AUY922, Alvespimycin, Ganetespib, elc. [5]
HOACT Beli CHR-3896, Dacil elc. [13]
HDAC2 Beli CHR-3996, Daci ete. [13]
HDAC inhibitors HDACS Belinostat, Daci Givinoslat, etc. [6]
HDACS Beli CUDC-101, Daci ete. [11]
SIRT2 Panobinostat. [1]
HIF1A EZN-2968, PX-478. [2]
BIRCE GDC0917, HGS 1029/AEG 40826, LCL161, etc. [4]
Integrins - ITGB1 PF. 12, Vitaxin, Volociximab. (3]
CENPE GSK-023205. [1]
Multiple classes { ITGB3 Cilengitide, L- 04. [2]
MMP2 Fri S-3304. [3]
Notch pathway = DLL4 REGN421. [1]
CTSK el ey ib. (2]
cLy Custirsen. [1]
EPCAM Catumaxomab, MT110. (2]
FNT 1311-L19SIP. [1]
FOLR1 Epof W}
Others GSTP1 Canfosfamide hy ide Teleyta TLK286. [1]
L6 ALDS518. [1]
PRKCB in. [1]
RXRG Bexarotene. [1]
THBS1 CVX-045. 1]
PIKICG BEZ235, BKM120, GDC-0941, etc. [8)
PI3K inhibitors RPS6 PX-866. [1]
RICTOR — |~ AZD 8055, BEZ235, 0S| 027. [3]
Proteasome inhibitors -c PSMC2 — - M
Telomerase inhibitors =L, TERT — Imelslstat, Sodium ite. (2]
TNFRSF108 —| A b/D [+ b, Dul in, etc. 5]
KRAS —- Ras peptide cancer vaccine. [1]
MFGES — q A ibody11D10 anti-idiatype vaccine. [1]
Vaccines MMP14 — Prinomastat. (1)

BLP25 Liposome vaccine Stimuvax, MVA-MUC1-IL2, (2]
Ad.p53-DC, EP-2101, Mutant p53 peptide pulsed dendritic cell.
NGR-hTNF, Tosedastat. [2]

Combretastatin-A4 phosphale/CA4P Zybrestat. [1)

MUCT —
TP53 —
ANPEP —
VDAS L

CDHT —

LUC1
LUC2
LUC4
LUC8 -
LUC9
LUC10 -
Luc12 -
LUC13

LUC14 —
LUC17 -
LUC18
LUC20
LUCE
LUC7
LUC11
LUC15 -
LUC16

SNV inDel  CNVAmp  OverExp. | Event Types
Govindan ,et al. Cel/ 150: 1121, 2012



Characteristics of cancer cells

Cyclin-dependent
kinase inhibitors

HER and ALK
inhibitors

4

3 Sustaining Evading :
Aerobic glycolysis proliferative growth Immune activating
inhibitors signaling suppressors anti-CTLA4 mAb

( Proapoptotic Reii;tlmg :gs:;‘t'_“?e : ( Telomerase )
X . i S
BH3 mimetics doath oAy Inhibitors
Genome Tumor
instability & promoting
mutation inflammation
PARP Inducing Activating Selective anti-
inhibitors angiogenesis  invasion & inflammatory drugs
metastasis

il

Inhibitors of
EGF signaling

Inhibitors of
HGF/c-Met

Hanahan D et al, Cell 144:646-674, 2011
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