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Snapshot:
Cancer Care 20 Years Ago

 Cancer treated primarily based on histology,
location and size; few biomarkers

« Roughly 200 fewer treatment options than today
* Three basic treatment modalities

* Limited supportive care options
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Since the 1990s:
Mortality Down, Survivorship Up

In the United States...

1990 1995 2000 2005 2010
Year

Sources: US Mortality Files, National Center for Health Statistics, CDC. DeSantis C, Chunchieh L, Mariotto AB, et al. (2014). Cancer Treatment and
Survivorship Statistics, 2014. CA: A Cancer Journal for Clinicians.
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Since the 1990s:

Progress by Many Measures

Treatment
* New therapies

 Imaging,
radiation
oncology and
surgery
advances

* Precision
medicine

* Immunotherapy

Prevention

* Interventions
for infection-
related cancers

 Cancer

susceptibility
genes

* Drug and
surgical risk
reduction
strategies

Quality of
Life

 Better toxicity
management

* Less intensive
therapies

» Palliative care
Integration

Survivorship

« Growing
research area

* Late effects
identified

e Surveillance
strategies
established




Top 5 Advances in Modern Oncology*

* 1965: Chemotherapy Cures Advanced Hodgkin Lymphoma
« 2006: Vaccine Approved to Prevent Cervical Cancer

« 2001: Targeted Drug Transforms Treatment of CML
«1977. Chemotherapy Cures Advanced Testicular Cancer

* 1991 Powerful Anti-Nausea Drugs Control Major Side
Effect of Cancer Treatment

2\ @
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*As voted by ASCO members for ASCO 50" Anniversary SC(l




A Transformative 20 Years



Precision Medicine:

Science Serving Patients
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(©) cancer Genomics

Advent of the “precision medicine” era
But cancer’s biology is far more complex than we had imagined

2000 2010-2014

® o >
Hallmarks of The Cancer Genome Genetic subtypes of
Cancer publlshed Atlas (TCGA) g|iob|a5toma, gastric
launches and other cancers
identified via TCGA
research

Progress ASC@



Cancer Genomics
Genomic Landscape of 5,000 Human Cancers
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Common Cancers Now Collections
of Rare Cancers

A Spectrum of oncogenic “driver” mutations
in NSCLC* (n = 1,003)

ERBB2 MEK1 NRAS
BRAF 0.9% 0.8% 0,50 gy,
1.9% 7 PTEN
PIK3CA U2%
21%
EGFR
14.8%
No mutation
KRAS detected
22.9% 55.7%

B Relative frequency of EGFR mutations
in NSCLC (n =127)

Exon 20
insertion L18§‘1y0 Ci?;gA G719C
7.8% 00, L0 1306

T790M
18.8%

Exon 19
deletion
43.5%

(o] Spectrum of oncogenic “driver” mutations
in melanoma (n = 955)

KIT GNAT1 crangd
GNAQ 2.3% 1.3% 119

2.8% \ ,

NRAS No mutation

18.1% detected
35.2%

D Relative frequency of BRAF mutations
in melanoma (n = 382)

veoop V600M

1%  0-8% veo0G

V600R 0.3%

2.6% \

© 2014 American Association for Cancer Research

CCR Reviews

AR

Catherine B. Meador et al. Clin Cancer Res 2014;20:2264-2275
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Hallmarks of Cancer:
Therapeutic Implications

EGFR
inhibitors

Aerobic glycolysis
inhibitors

Proapoptotic
BH3 mimetics

N

Deregulating

Resisting
cell
death

instability &
mutation

PARP
inhibitors

|

Sustaining
proliferative
signaling

Inducing
angiogenesis

1

Inhibitors of
VEGF signalin

Cell 2011 144, 646-674DOI: (10.1016/j.cell.2011.02.013)

) (

kinase inhibitors

CycIin-dependerD

4

Evading
growth
suppressors

Activating
invasion &
metastasis

a

Immune activating
anti-CTLA4 mAb

Tumor-
promoting
inflammation

Enabling

AR Telomerase
replicative Inhibitors
immortality

\

Selective anti-
inflammatory drugs

Inhibitors of
HGF/c-Met
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OW TO BEAT AN NEW DIGITAL TELEVISION:
""E M‘“Kn Which Ones Are The Best For Your Mone




(€3 Precision Medicine

Cancers classified by molecular abnormalities and site of origin

Exceptional success when treatment is matched to a driver mutation
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Trastuzumab 100+ FDA-
iIntroduced for approved targeted
First targeted HER2+ breast cancer drug
drug: rituximab cancer Imatinib Indications
Introduced
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Timeline of Selected Major Discoveries
In Lung Cancer Treatment

EGFRT790M

mutation identified
as a mechanism of
resistance to TKls

Discovery of EGFR
mutations in lung
adenocarcinomas
sensitive to gefitinib
and erlotinib

First ALK crizotinib-resistant
point mutation identified
(additional ones identified in
subsequent years)

TCGA genomic
characterization of
squamous cell lung
cancer completed

Mutation burden
found to be associated
with response to anti-

PD-1 therapy

ALK rearrangements
in lung cancer first
described

RET and ROS fusions discovered
in lung adenocarcinomas

FGFR1 amplification
described in squamous
cell lung cancer

TCGA genomic characterization of
lung adenocarcinoma completed

1997 2004 2005 2006 2007 2008 2009 2010 20M

2012 2013 2014 2015

Erlotinib approved
for second-line
treatment of locally
advanced or

Bevacizumab approved for

first-line treatment of NSCLC
combined with chemotherapy

metastatic NSCLC

Accelerated
approval
granted to
crizotinib for
ALK-positive
lung cancer

Accelerated approval
granted to ceritinib for
ALK-positive lung cancer
in patients intolerant to
crizotinib or after
progression on crizotinib

BATTLE study launched
(biopsies become more
mainstream for NSCLC)

EGFR inhibitors enter
clinical development

Erlotinib approved as
maintenance therapy
for patients who have
not progressed after
four cycles of first-line
chemotherapy

Erlotinib and
afatinib approved
for first-line
treatment of
patients with
metastatic NSCLC
whose tumors
have an EGFR
exon 19 del or
L858R mut

l

Ramucirumab
approved for
second-line
treatment of
NSCLC

Nivolumab approved for
second-line treatment of
squamous cell carcinoma
of the lung

© 2015 American Association for Cancer Research

CCR Focus

AAGR

Source: Katerina Politi, and Roy S. Herbst Clin Cancer Res 2015;21:2213-2220
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@ Precision Medicine

But precision medicine has A
brought new complexity —
and challenges

Photographs were taken:

A. Before initiation of
vemurafenib

B. After 15 weeks of therapy
with vemurafenib

C. At relapse, after 23
weeks of therapy.

))f
Source: Wagle, N et al. Dissecting Therapeutic Resistance to RAF Inhibition in Melanoma by Tumor Genomic Profiling. JCO August 1, 2011 vol. 29 no. 22 3085-3096 ASCG/



@ Ethnic Diversity in Drug Effects

Anticancer Drugs

Environmental  Local practice Drug-drug Genetic
differences differences interaction differences

\ Ydifferences J

PHARMACOETHNICITY

Ethnic diversity in drug response or toxicity

CCR Reviews

O'Donnell P H, Dolan M E Clin Cancer Res 2009;15:4806-4814



Precision Medicine:
Implementing Personalized Cancer Care

Biospecimens Biomarker Validation Instrumentation Clinical Decision
and and and Support
Molecular Pathway Multiplex Assays Informatics and Patient
Analysis Monitoring

ASCY



Precision Medicine:
Systems Biology of Cancer

Serum glycans,
miRNA, ctDNA and
interleukins, etc.

&

-~
Blood samples \

Genotype

Tumour cells
in blood and
bone marrow

Sentinel node

Biopsies from
primary tumours
and metastases

Various tissues:

» Normal
» Preinvasive
* Malignant

In vive MRI
M
) | mvivoMRS
Xenografts,
—- GEMMs and
Mouse models gall lines
Exposure:

radiation, diet,
hormones, etc.

Single-level clazsifications

Genomics
LN

Transcriptomics

Froteomics
Y

@;’

'f-"ﬂ-l

MetaboLomlcs

Image based
classification,
mammaograms, X-ray
and MRI

__________________________________

Clinical and
pathology-based
classification

Copy number,

methylation and
sequence
classifications

mRNA classification,
miRMNA and ncRNA
classification

Protein classification
using RPPA, IHC,
LC-MS/MS, etc.

HR-MAS MR
classification

____________________________________

Integrated classifications

Clinical
outcome

Genotypic and
. | phenotypic
stratification of
breast cancer

Personalized
treatment

4

Source: Kristensen, Nature Rev. Cancer, 14:299, 2014.



%///2 Chemotherapy Advances

Advances in both common and rare cancers
Smarter, more refined approaches
Increasing and decreasing treatment aggressiveness to maximize benefit

JOURNAL or
CLINICAL
ONCOLOGY

1338 2004-2004 2004

201

® >

AVBD replaces Biomarker tests identify Long-term mortality
MOPP for pediatric patients for adjuvant CT halved for pediatric
Hodgkin lymphoma cancer survivors

Adjuvant CT Chemo dosing
for lung, pancreatic halved for low-risk

cancers neuroblastoma ASC®)

Pregress



//
/// Imaging Advances

/

Cancer Detection and Staging
 Diagnosis at earlier stage

* Clearer picture of disease spread

» Helps patients get optimal treatment

» Permits more limited, minimally
Invasive surgical techniques

Response Assessment

* Informs treatment continuation
or discontinuation

Digital
mammograms

PET scanning

Low-dose CT

Enhanced MRI
technologies




@ Raid Response Assessment

Normal
*~ Heart
Baseline: After 1 week After 2 months
GIST resistant of Sunitinib of Sunitinib
to Imatinib Therapy Therapy

ASCY)



Rise of Immunotherapy

Long-term disease control against recalcitrant cancers
Game-changing discoveries — more coming

Head/Neck Cancer

Melanoma

201 2014 Z201a-2016
@ @ O >

Lung Cancer

Kidney Cancer

. : / Bladder Cancer
Ipilimumab Pembrolizumab, PD-1/L-1 drugs .

_ : : Hodgkin
Introduced for nivolumab benefit even Lymphoif
melanoma approved for more of (CLymph Node
melanoma cancers angy

2016 ASCO
Advance of the Year

ASCE
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) Rise of Immunotherapy

T cells are genetically reprogrammed
to find and attack cancer cells.

T cells are grown in
large numbers in the lab.

7 \

On the Horizon:
CART-cell therapy
into the patient. . -
‘ Customized vaccines

T cells are Reprogrammed
collected from the T cells are infused
patient’s blood.




& Infection-Related Cancers

4% 7% 16%

North
America

Sub-Saharan
Africa

) }
SSSSSS : American Cancer Society. Global Cancer Facts & Figures 3rd Edition. Atlanta: American Cancer Society; 2015 ASC@




Infection-Related Cancers: HPV

New innovations hold major potential
Screening tools for high- and low-resource settings

Tailored treatments
Vaccines

PROPORTION OF CANCERS CAUSED BY HPV IN THE UNITED STATES

HPV infectinn causes virtually all cases of cervical cancer and a substantial
proportion of several other cancers.

cervc. |
o,

VULVARNAGINAL |
PENILE [
oropARtNGEAL |

| T | T |
0 2,000 4,000 6,000 8,000 10000 12,000
ANNUAL NUMBER OF CASES

I HPVCASES

www.cancer.gov

Source: Schiller JT and Lowy DR. Understanding and learning from the success of prophylactic
human papillomavirus vaccines. Nat Rev Microbial 2012; 10(10): £81-692.

RRE 2006 2013
@ ® ® >

Vinegar
screening shows
major promise

HPV DNA test
approved

HPV vaccine
introduced

ASCE:




€:) Infection-Related Cancers: Hepatitis

.
+80%
vaccine p
Coverage Q
Hepatitis B Hepatitis C
Climbing global vaccination rates Recent breakthrough curative
are reducing liver cancers therapies will further reduce

liver cancers

ASCY)
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(4 Supportive and Palliative Care

New therapies greatly reduce treatment side effects

Shift in approach and philosophy - QOL is a central focus

of oncologists’ work

/:_,, C
1993 2002 2010
® ® ® >
Filgrastim Pain management Early palliation helps
approved as a core quality NSCLC patients live

Progress

measure

better and longer

ASCE)




32.6
Million

5-Year Cancer Survivors
Worldwide



R Expanding Field of Survivorship

New field of research and care
Survivors face persistent, diverse challenges

Psycho-social

Cardiac Health Needs

Obesity Sexual Health

Long-term Oncologist-
Surveillance Healthcare Disparities PCP
Costs Coordination

ASCE



The Path Forward




* More basic research
« Smarter clinical trials

* Increase population diversity

In research
Tackle complexity

* More efficient biomarker
of cancer head on,

validation

in smarter ways

ASCE



New Clinical Trial Designs

Umbrella Basket
Test the impact of different drugs on Test the effect of one or more drugs
different mutations in a single type on one or more single mutations
of cancer in a variety of cancer types

Clinical ARSRETRR
Cancer Research © 2015 American Association for Cancer Research
CCR Perspectives in Drug Approval AAGR

Herbst et al. Clin Cancer Res 2015;21:1514-1524

ASCE



* Enormous possibilities with
advanced health information
technology

 Learn from every patient —
Leverage health IT not just clinical trials patients

to realize unseen » Support oncologists’
opportunities decision-making

 Quality improvement
and assessment

ASCY



Aggregating Information

Scientists Clinical Researchers Physicians Patients

: Molecular
Leliaaarrr)lli?]g Disease
System Models

jil

Cases

ASCE

Trials Treatments Guidelines



ASCO )

et bl




* Huge variations
In developed countries

e Basic tools often
out of reach In

Expand both developing countries

knowledge and - Major gaps
means In oncologist

to access high- workforce

quality care - Cost —
an issue

everywhere




* Patient-reported
outcomes

e Palliative care

* Survivorship
Keep focus on

needs

of whole patient

ASCE



Keep pressing forward...

, where will we be
INn another 20 years?



Shaping the Future of
Oncology: Envisioning
Cancer Care in 2030

Outcomes of the ASCO Board of
Directors Strategic Planning and
Visioning Process, 2011-2012

ASC®

American Society of Clinical Oncology

Making a world of difference in cancer care



The Three Revolutions

Cancer
Panomics

ASCY



There is Likely a Fourth

Cancer
Panomics

ASCY



Progress Depends on Collaboration

ASCE)



Progress Depends on Collaboration

“To go fast,
go alone.

To go far,
go together.”

--African Proverb




