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more than 2.1 million fewer cancer deaths over the past 
two decades, progress that is driven by rapid declines in 
death rates for the four most common cancer types – 
lung, colorectal, breast, and prostate (Figures 1 and 2).

Do Cancer Incidence and Death Rates 
Vary by State?
Tables 4 (page 7) and 5 (page 8) provide average 
annual incidence (new diagnoses) and death rates for 
selected cancer types by state. The variation by state is 
much larger for some cancers (e.g., lung) than for others  
(e.g., non-Hodgkin lymphoma). For more information about 
geographic disparities in cancer occurrence, see page 53.

Who Is at Risk of Developing Cancer?
Cancer usually develops in older people; 87% of all 
cancers in the United States are diagnosed in people 50 
years of age or older. Certain behaviors also increase risk, 
such as smoking, eating an unhealthy diet, or not being 

physically active. In the US, approximately 41 out of 100 
men and 38 out of 100 women will develop cancer during 
their lifetime (Table 6, page 14). These probabilities are 
estimated based on cancer occurrence in the general 
population and may overestimate or underestimate 
individual risk because of differences in exposures (e.g., 
smoking), family history, and/or genetic susceptibility.

Relative risk is the strength of the relationship between 
exposure to a given risk factor and cancer. It is measured 
by comparing cancer occurrence in people with a certain 
exposure or trait to cancer occurrence in people without 
this characteristic. For example, men and women who 
smoke are about 25 times more likely to develop lung 
cancer than nonsmokers, so their relative risk of lung 
cancer is 25. Most relative risks are not this large. For 
example, women who have a mother, sister, or daughter 
with a history of breast cancer are about twice as likely to 
develop breast cancer as women who do not have this 
family history; in other words, their relative risk is about 
2. For most types of cancer, risk is higher with a family 

*Per 100,000, age adjusted to the 2000 US standard population. †Mortality rates for pancreatic and liver cancers are increasing.
Note: Due to changes in ICD coding, numerator information has changed over time. Rates for cancers of the liver, lung and bronchus, uterus, and colon and rectum are 
affected by these coding changes.
Source: US Mortality Volumes 1930 to 1959 and US Mortality Data 1960 to 2014, National Center for Health Statistics, Centers for Disease Control and Prevention.
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Figure 1. Trends in Age-adjusted Cancer Death Rates* by Site, Males, US, 1930-2014
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history of the disease. It is now thought that many familial 
cancers arise from the interplay between common gene 
variations and similar exposures among family members 
to lifestyle/environmental risk factors. Only a small 
proportion of cancers are strongly hereditary, that is, 
caused by an inherited genetic alteration that confers a 
very high risk.

What Percentage of People  
Survive Cancer?
Over the past three decades, the 5-year relative survival 
rate for all cancers combined increased 20 percentage 
points among whites and 24 percentage points among 
blacks, yet it remains substantially lower for blacks (68% 
versus 61%, respectively). Improvements in survival 
(Table 7, page 18) reflect improvements in treatment, 
as well as earlier diagnosis for some cancers. Survival 
varies greatly by cancer type and stage at diagnosis 
(Table 8, page 21).

Relative survival is the percentage of people who are alive 
a designated time period (usually 5 years) after a cancer 
diagnosis divided by the percentage of people expected 
to be alive in the absence of cancer based on normal life 
expectancy. It does not distinguish between patients who 
have no evidence of cancer and those who have relapsed 
or are still in treatment, nor does it represent the 
proportion of people who are cured because cancer 
deaths also occur beyond 5 years after diagnosis. For 
information about how survival rates were calculated for 
this report, see “Sources of Statistics” on page 69.

Although relative survival rates provide some indication 
about the average experience of cancer patients in a given 
population, they should be interpreted with caution. 
First, 5-year survival rates do not reflect the most recent 
advances in detection and treatment because they are 
based on patients who were diagnosed several years in 
the past. Second, they do not account for many factors 
that affect individual survival, such as treatment, other 
illnesses, and biological or behavioral differences. Third, 

*Per 100,000, age adjusted to the 2000 US standard population. †Uterus refers to uterine cervix and uterine corpus combined. ‡The mortality rate for liver cancer is increasing.
Note: Due to changes in ICD coding, numerator information has changed over time. Rates for cancer of the liver, lung and bronchus, uterus, and colon and rectum are 
affected by these coding changes.
Source: US Mortality Volumes 1930 to 1959, US Mortality Data 1960 to 2014, National Center for Health Statistics, Centers for Disease Control and Prevention.
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Figure 2. Trends in Age-adjusted Cancer Death Rates* by Site, Females, US, 1930-2014
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Source:	ACS,	US	Mortality	 Volumes	
1930	to	1959,	US	Mortality	 Data	
1960	to	2014,	National	 Center	for	
Health	Statistics,	 Centers	for	
Disease	Control	 and	Prevention.
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Goals	of	the	The	Cancer	Moonshot	Initiative

Accelerate	progress	in	cancer,	including	prevention	&	screening
• From	cutting-edge	basic	research	to	wider	uptake	of	standard	care

Encourage	greater	cooperation	and	collaboration
• Break	down	silos	within	and	between	academia,	government,	and	private	sector

Enhance	data	sharing
• Accessible	data	that	is	universally	usable
• Annotated	patient-level	clinical	and	–omics	data

- Adapted	from	Presidential	Memo	and	Factsheet,	2016



Summary	of	the	10	Recommendations
A. Establish	a	network	for	direct	patient	involvement

B. Create	a	translational science	network	devoted	to	immunotherapy

C. Develop	ways	to	overcome	resistance	to	therapy
D. Build	a	national	cancer	data	ecosystem
E. Intensify	research	of	the	major	drivers	of	childhood	cancer
F. Minimize	cancer	treatment’s	debilitating	side	effects
G. Expand	use	of	proven	prevention	and	early	detection	strategies
H. Mine	past	patient	data	to	predict	future	patient	outcomes

I. Develop	a	3D	cancer	atlas
J. Develop	new	cancer	technologies
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• Goal	– Accelerate	the	development	of	new	therapies	that	target	these	
cancer-causing	proteins

• Fusion	oncoproteins
• Enhance	understanding	of	molecular	and	biochemical	mechanisms	of	
transformation	driven	by	fusion	oncoproteins

• Develop	faithful	models	
• Identify	key	dependencies

Pediatric	Cancers	WG

Intensify	research	of	the	major	drivers	of	childhood	
cancer



• Goal	– Enable	predictive	models	of	tumor	progression	and	response	to	treatment

• Generation	of	human	tumor	atlases
• Adult	and	pediatric	cancers
• From	tumor	development	 through	metastasis
• Immune	cell	characterization	and	other	cells	in	the	microenvironment
• Premalignant	lesions	to	create	a	Pre-Cancer	Genome	Atlas	(PCGA)

Tumor	Evolution	and	Progression	WG

Develop	a	3D	cancer	atlas



Precision	Medicine	Initiative

“To	enable	a	new	era	of	medicine	through	
research,	technology,		and	policies	that	
empower	patients,	researchers,	and	
providers	to	work	together	toward	
development	of	individualized care.”

- Barak	Obama

$215	million	was	invested	(NIH	fiscal	year	2016)	 to	accelerate	
research	for	selecting	the	therapies	that	can	be	used	in	more	
individualized	 ways.	NCI	used	$70	million	of	that	investment	to	
advance	the	precision	oncology.
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Personal	genomes	soon	will	become	a	commonplace	part	of	medical	research	&	eventually	treatment	
(esp.	for	cancer).	They	will	provide	a	primary	connection	for	biological	science	to	the	general	public.

Personal Genomics 
as a Gateway into Biology
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Personal Genomics 
as a Gateway into Biology





Common

Rare* (1-4%)

SNP 3.5 – 4.3M

Indel 550 – 625K
SV 2.1 – 2.5K 

(20Mb)
Total 4.1 – 5M

SNP 84.7M

Indel 3.6M
SV 60K

Total 88.3M

Human Genetic Variation
A Typical Genome

Population of 
2,504 peoples

The 1000 Genomes Project Consortium, Nature. 2015. 526:68-74  
Khurana E. et al. Nat. Rev. Genet. 2016. 17:93-108
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Class of Variants

Prevalence of Variants

* Variants with allele frequency < 0.5% are considered as rare variants in 1000 genomes project.

A Cancer Genome
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(Finding	the	key	mutations	in	~3M	Germline	variants	&	
~5K	Somatic	Variants	in	a	Tumor	Sample)

Cancer	drivers:	Significance	&	identification



Finding Key 
Variants

Germline
• Common variants

• Can be associated with phenotype (ie disease) via a Genome-wide Association Study 
(GWAS), which tests whether the frequency of alleles differs between cases & controls. 

• Usually their functional effect is weaker. 
• Many are non-coding
• Issue of LD in identifying the actual causal variant.

• Rare variants
• Associations are usually underpowered due to low frequencies. 
• They often have larger functional impact
• Can be collapsed in the same element to gain statistical power (burden tests).
• In some cases, causal variants can be identified through tracing inheritance of 

Mendelian subtypes of diseases in large families.

McCarthy, M. et al. Nat. Rev. Genet. 2008. 9, 356-369, Zuk, O. et al. PNSA. 2014. Vol. 11, no. 4, MacArthur DG et al. Nature 2014. 508:469-476

CAN YOU FIND 
THE PANDA?



CAN YOU FIND 
THE PANDA?

Finding Key 
Variants

Somatic

• Overall
• Often	these	can	be	conceptualized	as very	rare	variants	
• A	challenge	to	identify	 somatic	mutations	contributing	 to	cancer	is	to	find	driver	
mutations	&	distinguish	 them	from	passengers.

• Drivers
• Driver	mutation	is	a	mutation	 that	directly	or	indirectly	confers	a	selective	growth	
advantage	to	the	cell	in	which	it	occurs.

• A	typical	tumor	contains	2-8	drivers;	the	remaining	mutations	are	passengers.
• Passengers

• Conceptually,	a	passenger	mutation	has	no	direct	or	indirect	effect	on	the	selective	
growth	advantage	of	the	cell	in	which	it	occurred.

Vogelstein B. Science 2013. 339(6127):1546-1558

Cancer	drivers:	Significance	&	identification



Yates	et	al,	NRG	(2012)

Cancer	drivers:	Significance	&	identification
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Cancer	drivers:	Significance	&	identification:	frequency-based	approaches



Cancer	drivers:	Significance	&	identification:	functional	annotations

Khurana et	al,	NRG	(2016)
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ONTARIO INSTITUTE FOR CANCER RESEARCH 

  Goals: 
  Understand what’s going on in the 95% of the cancer 

genome that isn’t protein-coding. 
  Non-coding RNAs & regulatory elements 
  Genomic structural changes 
  Mutation signatures 
  Pathogen (viral) insertion 

  Plan: 
  Jointly analyze 2600 whole genome tumor/normal 

pairs from ICGC. 
  >580 researchers 
  >130 research projects 
  16 thematic working groups 



ONTARIO INSTITUTE FOR CANCER RESEARCH 
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ONTARIO INSTITUTE FOR CANCER RESEARCH 

PCAWG Core Analyses Completed 

21 Boston Verona Santa Cruz Mumbai Barcelona 



ncRNA%driver%candidates%from%PCAWG%(preliminary)%

Andrés%Lanzós%and%Rory%Johnson%(CRG,%Barcelona)%

Example'lncRNA'driver'screen:'
ExInAtor'V'PANCAN'excl.'skin'cancer'

Morten%Muhlig%Nielsen%&%Jakob%Skou%Pedersen%(Aarhus%University)%

Example'of'muta[onVtoVexpression'
correla[on:'

Tier'1'lncRNAs'(n=144)'V'colorectal'
adenocarcinoma' Small'Nucleolar''

RNA'Host'Gene'14'
(SNHG14)'
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More Samples

Rhienbay et. al.

Size 450
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360 patients 
Power = 0.7

20K promoters
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Improving	discovery	of	cancer-driving	
mutations	in	the	non-coding	genome

S.	Kumar	&	M.	Gerstein,	Nature	(2017)


