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On Sept. 20, 2011, the American Association for Cancer
Research (AACR) released its inaugural AACR Cancer
Progress Report to commemorate the advances in
biomedical research that transformed cancer care in the 40
years following the signing of the National Cancer Act of
1971. During this period, biomedical research dramatically
increased our understanding of the collection of diseases
we call cancer, including the discovery that most cancers
are caused by genetic mutations. This laid the foundation
for the era of precision medicine, and by Jan. 1, 2011,
20 therapeutics targeting specific molecules involved in
cancer had been approved by the U.S. Food and Drug
Administration (FDA). Among these therapeutics are some
that target cancer-specific molecules, some that target the
blood vessel growth that supports tumor development, and
some that stimulate a patient’s immune system to eliminate
their cancer.
As highlighted in the AACR Cancer Progress Report 2015,
progress against cancer has continued at a spectacular
pace since the start of 2011. In fact, during the five years
of publishing the AACR Cancer Progress Report, the
number of FDA-approved therapeutics targeting specific
molecules involved in cancer more than doubled, reaching
52 therapeutics by July 31, 2015. For some forms of cancer,
including melanoma and chronic lymphocytic leukemia, we
now have five or more of these new therapeutics, which—as
a result of their increased precision—have fewer adverse
side effects compared with the traditional treatments that
have been the mainstay of cancer care for decades.

presence of BRAF gene mutations commonly found in
melanoma, and a BRAF-targeted therapeutic approved by
the FDA for treating BRAF-mutant melanoma has been
transforming the lives of these patients for more than a year.
Precision medicine stories like these are becoming more
common because the explosion in our understanding of
the biology of cancer is making it increasingly possible to
identify the most appropriate therapy for a patient. Our
increased knowledge of cancer is also enabling the more
precise use of radiotherapy and traditional chemotherapy,
as well as cancer prevention strategies tailored for maximal
effectiveness.
The dedicated efforts of researchers working throughout
the cycle of biomedical research in the United States and
around the world are making possible continual progress
against cancer. The AACR is encouraged by the fact that
85 percent of American voters recognize that progress is
being made against cancer, according to results from a 2015
national survey conducted on behalf of the organization by
Hart Research Associates and Public Opinion Strategies. This
progress is powering revolutionary advances in cancer care,
and the AACR is grateful to the 13 courageous beneficiaries
of some of these advances who shared their personal
experiences with cancer in the AACR Cancer Progress Report
2015. These stories, coupled with the advances described in
the report, inspire great hope for a future in which cancer no
longer threatens the lives of millions.

This rapid surge in the number of increasingly precise
anticancer therapeutics was powered by research, and
the cumulative knowledge of the complexities of cancer
continues to be the foundation of new advances across the
clinical cancer care continuum. Discoveries in the fields of
cancer genomics and immunology have been particularly
fruitful and have firmly established two new pillars of
cancer care: precision therapy and immunotherapy. These
exciting fields of research also show immense promise for
the future.

Unfortunately, our ability to fully capitalize on our evergrowing knowledge of cancer is at risk. This is because
federal investments in the National Institutes of Health
(NIH) and its largest component institute, the National
Cancer Institute (NCI), which spur much of the progress
made against cancer, have stagnated. Since 2004, the
budgets for the NIH and NCI have not kept pace with
inflation, resulting in the NIH losing approximately 25
percent of its ability to fund lifesaving biomedical research.
On top of these losses due to inflation, direct budget cuts in
2011 and 2013 slashed federal support of the NIH and NCI.

Advances in cancer genomics are fueling an expansion in
the clinical use of genomic information to make otherwise
unexpected treatment decisions for patients with a wide
range of cancer types, like the four patients featured in
the Transforming Lives One Sequence at a Time section of
the AACR Cancer Progress Report 2015 (p. 29). Genomic
sequencing of two of these patients’ cancers revealed the

Investments in the federal agencies that are vital for
powering progress against cancer also fuel the economy and
help the United States to maintain its important position as
the global leader in biomedical research. Therefore, reduced
federal investments in the NIH and NCI jeopardize not only
future lifesaving biomedical research, but also economic
development and U.S. leadership in the field.
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The AACR urges Congress and the administration to
implement a strategy for providing annual budget increases
of at least 7 percent for the NIH, NCI, and FDA beginning
in FY 2016 and thereafter. This call to action is in line with
the opinion of the majority of American voters, because
three out of every four voters favor increasing federal
funding for cancer research, according to results from
the 2015 AACR survey. Thus, we urge all members of the
AACR and, indeed, all Americans to join us in calling on
Congress and the administration to prioritize the growth of
the NIH, NCI, and FDA budgets through annual funding
increases that are robust, sustainable, and predictable.
There is no time to waste when, in the United States alone,
we are losing one person every minute of every day to the
devastating collection of diseases we call cancer.
José Baselga, MD, PhD
AACR President (2015–2016)
Margaret Foti, PhD, MD (hc)
Chief Executive Officer

About the American Association for Cancer Research
Founded in 1907, the American Association for Cancer
Research (AACR) is the world’s oldest and largest
professional organization dedicated to advancing
cancer research and its mission to prevent and cure
cancer. AACR membership includes more than 35,000
laboratory, translational, and clinical researchers;
population scientists; other health care professionals;
and cancer advocates residing in 101 countries. The
AACR marshals the full spectrum of expertise of
the cancer community to accelerate progress in the
prevention, biology, diagnosis, and treatment of cancer
by annually convening more than 25 conferences and
educational workshops, the largest of which is the
AACR Annual Meeting with nearly 19,300 attendees.
In addition, the AACR publishes eight prestigious,

Follow us:

peer-reviewed scientific journals and a magazine for
cancer survivors, patients, and their caregivers. The
AACR funds meritorious research directly as well as in
cooperation with numerous cancer organizations. As
the Scientific Partner of Stand Up To Cancer, the AACR
provides expert peer review, grants administration,
and scientific oversight of team science and individual
investigator grants in cancer research that have the
potential for near-term patient benefit. The AACR
actively communicates with legislators and other
policymakers about the value of cancer research and
related biomedical science in saving lives from cancer.
For more information about the AACR,
visit www.AACR.org.

DONATE
Cancer
Research Catalyst http://blog.aacr.org
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Research powers progress against cancer by increasing our
understanding of the collection of diseases we call cancer
and by allowing us to translate this knowledge into new and
increasingly precise ways to prevent, detect, diagnose, treat,
and cure some of these diseases.
AACR President, 2015–2016, José Baselga, MD, PhD

“ Since I started

working in the
field of oncology
about three
decades ago, there
has been a sea
change in our basic
understanding of
what cancer is …

”

Much of the research that powers progress against cancer
is funded by the U.S. federal government through the
National Institutes of Health (NIH), in particular its largest
component institute, the National Cancer Institute (NCI).
Additionally, federal funding of the U.S. Food and Drug
Administration (FDA) helps speed the delivery of safe and
effective treatments, such as anticancer therapeutics, to the
patients who need them.
As the oldest and largest cancer organization in the world
dedicated to advancing every aspect of cancer research,
from basic science to translational research to clinical
research and population science, the American Association
for Cancer Research (AACR) is committed to increasing
public understanding of cancer and the importance of
cancer research to public health, as well as to advocating
for increased federal funding for the NIH, NCI, and FDA.
These investments will contribute markedly to the goal of
saving more lives from cancer.
The annual AACR Cancer Progress Report to Congress
and the American public is a cornerstone of the AACR’s
educational and advocacy efforts. This fifth edition of the
report chronicles how research continues to transform lives,
like the lives of the 13 courageous individuals featured in
the report who have shared their experiences with cancer.

American Association for Cancer Research

It also contains a special section showcasing the advances
made against cancer in the five years of publishing the
report. The progress against cancer highlighted in the report
underscores how unwavering, bipartisan support from
Congress and the administration, in the form of sustained
increases in funding for the NIH, NCI, and FDA, are vital
if we are to continue to make progress for the benefit of
families everywhere.

Cancer in 2015
Research is the foundation of new and better approaches
to cancer prevention, detection, diagnosis, and treatment,
which are driving down overall U.S. cancer death rates and
increasing the number of people who are living longer,
higher-quality lives after a cancer diagnosis.

14.5 million

people with a history of cancer
were estimated to be alive in the
United States on Jan. 1, 2014.

Even though extraordinary advances have been made,
cancer continues to exert an enormous global toll. In
2015 alone, it is estimated that about 8.9 million people
worldwide will die from some form of cancer, 589,430 of
whom are individuals living in the United States. Moreover,
these numbers are projected to increase dramatically in the
coming decades if new and better ways to prevent, detect,
diagnose, and treat cancer are not developed.
Fueling the anticipated increase in cancer deaths will be a
rise in the number of cancer diagnoses, which will, in turn,
drive up the costs of cancer. In the United States alone, it
is estimated that the direct medical costs of cancer care
will rise to $156 billion in 2020, from nearly $125 billion
in 2010. When these costs are compared to the total NCI
budget for fiscal year 2015, which is just $5 billion, it is clear
that research that spurs lifesaving progress against cancer is
a wise national investment.
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Source: A 2015 national survey
conducted on behalf of the AACR by
Hart Research Associates and Public
Opinion Strategies.
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changes are essential if we are to continue to move precision
medicine forward more rapidly than ever before.

To celebrate the fifth edition of the AACR Cancer Progress
Report, a special feature is included that highlights the
incredible advances that have been made against cancer
in the five years of publishing the report. Discoveries
in the fields of cancer genomics and immunology have
spurred particular progress, including the rapid expansion
of two new pillars of cancer care: precision therapy and
immunotherapy.

Preventing Cancer From Developing

Information generated by the field of cancer genomics is the
foundation of precision therapy, which is revolutionizing
the standard of cancer care from a one-size-fits-all approach
to one in which the best therapeutic strategy for a patient is
determined by an increasingly deep understanding of the
patient and his or her tumor. This information is being used
not only to expand the repertoire of precision therapeutics,
but also to identify additional patients who could benefit
from the precision therapeutics that we already have—like
the four patients in the Transforming Lives One Sequence at
a Time highlight (see p. 29)—and to increase the precision
with which traditional chemotherapy and immunotherapy
are utilized.
An increased understanding of the role of genetic
alterations in developing cancer is also the foundation
on which changes are being made in the way that many
cancer clinical trials are conducted and regulated. These

Many cases of cancer could be prevented by eliminating or
reducing exposure to factors that increase a person’s risk of
developing cancer.

Mary Lasker

“ If you think

research is
expensive,
try disease!

”

Past U.S. public education and policy initiatives have been
successful in reducing cancer morbidity and mortality
through prevention. However, given that an estimated 50
percent of the 589,430 U.S. cancer deaths expected to occur
in 2015 are attributable to preventable causes, it is clear
more needs to be done.
Most prominent among the preventable causes of cancer are
tobacco use, obesity, lack of physical activity, exposure to
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ultraviolet light from the sun or tanning devices, and failure
to use or comply with interventions that treat or prevent
infection with cancer-associated pathogens, such as cancercausing strains of human papillomavirus (HPV).
Unfortunately, some individuals continue to expose
themselves to preventable causes of cancer despite public
education and policy initiatives. Moreover, not all cancer
risk factors are avoidable. As a result, cancer screening
strategies that can identify a precancer or cancer early in
development, when it can be more easily and successfully
intercepted, are an important part of health care. However,
given that each person has his or her own unique risks for
developing each type of cancer, everyone should consult
with his or her health care practitioners to develop a
personalized cancer screening plan.
As we develop and implement new strategies that pair
increased molecular understanding of cancer development
with knowledge of an individual’s unique cancer risk
profile, we will move closer to a new era of precision cancer
prevention and interception.

Transforming Lives Through
Precision Medicine
The dedicated efforts of researchers working throughout
the cycle of biomedical research fuel advances across the
clinical cancer care continuum that are transforming lives in
the United States and worldwide.
As a result of research advances, the FDA approved nine
new anticancer therapeutics, one new cancer prevention
vaccine, and one new cancer screening test in the 12 months
leading up to July 31, 2015. During this time, the FDA also
approved new uses for six previously approved anticancer
therapeutics and one imaging agent.
Four of the new anticancer therapeutics approved by
the FDA target specific molecules involved in cancer
and are referred to as molecularly targeted therapeutics.
They are part of the precision medicine revolution in
cancer care that is transforming the lives of patients like
Patty Klein, Janet Klein, and Lori Cuffari (p. 72, 76, and
80, respectively).
Four of the new anticancer therapeutics approved by
the FDA are immunotherapeutics that are yielding
remarkable and durable patient responses, as illustrated
in the report by the experiences of Donna Fernandez,
Elizabeth Buell-Fleming, and Sergio Ramirez (p. 86, 90,
and 92, respectively). This is the largest number of
immunotherapeutics approved in a 12-month period since

American Association for Cancer Research

the first AACR Cancer Progress Report was published
in 2011, highlighting how this powerful form of cancer
treatment has emerged as a key pillar of cancer care.
Even though significant progress has been made in
precision therapy and immunotherapy for the treatment of
cancer, surgery, radiotherapy, and traditional chemotherapy
continue to form the foundation of treatment for almost
all patients, as they did for Congresswoman Rosa DeLauro
and Congressman Tom Marino (p. 66 and 68, respectively).
However, the more we learn about the molecular makeup
of individual patients and their tumors, the more precisely
we will be able to use these treatment strategies so that each
patient’s treatment is only as aggressive as is necessary for it
to be effective.

What Progress Does the Future Hold?
Cancer genomics research is central to the precision
medicine revolution that has been improving the lives of
an increasing number of patients with cancer, particularly
during the past five years. However, many researchers,
including AACR President José Baselga, MD, PhD (p. 102),
think that the best is yet to come, and that as we look to
the future, the pace of progress in precision medicine will
continue to accelerate.

5

Increased deployment of cancer genomics research
promises not only to increase the number of potential
targets for the development of novel precision anticancer
therapeutics, but also to identify markers of response and
resistance to all forms of treatment. The power of this
information to transform patient care could be dramatically
enhanced by pairing knowledge of genetic markers of
response and resistance with emerging technologies, often
referred to as liquid biopsies.
President Barack Obama, White House briefing
on precision medicine, Jan. 30, 2015

if matching a
“What
cancer cure to our
genetic code was
just as standard [as a
blood transfusion]? …
[T]he time is right to
unleash a new wave of
advances in this area,
in precision medicine.

”

Building Blocks to Further
Precision Medicine
Federal investments in the NIH, NCI, and FDA have
powered extraordinary progress against cancer by
catalyzing scientific discovery and enabling the translation
of discoveries into advances across the continuum of
clinical cancer care. Progress in the area of precision
medicine has been particularly striking, although there are
many challenges to overcome if we are to realize our goal
of expanding precision medicine to all forms of cancer
prevention, detection, diagnosis, and treatment.
First and foremost, we must continue to increase our
understanding of the biology of cancer and to develop
new approaches to translating this knowledge into health
care advances that will save lives. To do this, we must
prioritize and increase federal funding for biomedical
research, cancer research, and the FDA. Only by investing
in research talent, tools, and infrastructure; supporting
regulatory science initiatives; and increasing patient
involvement in precision medicine initiatives will we be
able to accelerate the pace of progress and realize our goal
of preventing and curing cancer.

AACR Call to Action
Following more than a decade of budget stagnation and
outright funding cuts, the administration and a bipartisan
majority of members of Congress have demonstrated, thus
far in 2015, a strong commitment to increasing the budgets
for the NIH, NCI, and FDA.
During this time of unprecedented promise in biomedical
and cancer research, robust, sustained, and predictable
investments in the NIH and NCI, are urgently needed. This
is a sentiment shared by the majority of American voters,
as a 2015 national survey conducted on behalf of the AACR
by Hart Research Associates and Public Opinion Strategies
found that three out of every four voters favor increasing
federal funding of cancer research.
Therefore, the AACR respectfully urges Congress and the
administration to:

• Implement a strategy for robust, sustained,
and predictable growth in funding for the
NIH and NCI by providing annual budget
increases of at least 7 percent. This level of

funding would represent strong growth in excess of the
biomedical inflation rate, resulting in fiscal year (FY)
2020 funding levels for the NIH and NCI of $42.5 billion
and $7 billion, respectively.

• Increase the FDA budget in FY 2016 by $200
million above its FY 2015 level (a 7 percent
increase from $2.6 billion to $2.8 billion) and
ensure that the agency receives comparable
annual percentage increases thereafter.
Achieving these goals will require Congress to work in
a bipartisan fashion to enact a broad-based budget deal
that raises the discretionary funding caps for FY 2016
and beyond. This would allow our nation’s policymakers
to invest in priority areas, such as biomedical research,
cancer research, and regulatory science, which will speed
innovation and accelerate the pace of development of
products that are safe, effective, and ultimately advance
public health.
By committing to provide the NIH, NCI, and FDA with annual
funding increases that are robust, sustained, and predictable,
we will transform cancer care, spur innovation and economic
growth, maintain our position as the global leader in science
and biomedical research, and, most importantly, bring hope to
cancer patients and their loved ones.
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I n t h i s s e c t i o n y o u w i ll l e a r n :

• In the United States, overall cancer
death rates are decreasing and the
number of survivors is increasing.
• It is projected that more than 1.65
million people in the United States will
receive a cancer diagnosis, and more
than 589,000 will die from the disease
in 2015.

Progress Against Cancer:
Powered by Research
Research improves survival and quality of life for millions of
individuals around the world by catalyzing the development
and implementation of new and better ways to prevent,
detect, diagnose, treat, and cure some of the diseases that
we call cancer.
It takes many years of hard work by individuals from
all segments of the biomedical research community
to bring a new medical product from initial research
discovery through approval by regulatory agencies and
into the clinic (see sidebar on The Biomedical Research
Community, p. 9). Among the new medical products
approved by the U.S. Food and Drug Administration
(FDA) between Aug. 1, 2014, and July 31, 2015, were
nine new anticancer therapeutics, one new cancer
prevention vaccine, and one new cancer screening test
(see Table 1, p. 10). During this period, the FDA also
approved new uses for six previously approved anticancer
therapeutics and one imaging agent.

From 2002 to
2011, overall
cancer death
rates declined by
Data from (2)

• It is predicted that almost 2.4 million
new cases of cancer will be diagnosed
in the United States, and 24 million will
be diagnosed globally in 2035.
• Not all segments of the U.S. population
benefit equally from advances
against cancer.
• The

cost of cancer is immense, both in
the United States and globally.

Advances such as those listed in Table 1 (p. 10) help ensure
that, year after year, overall U.S. cancer death rates continue
to decrease (2) and that the number of people who survive
their cancer continues to rise. In fact, in the United States
alone, the percentage of the population living with, through,
or beyond a cancer diagnosis has more than tripled since
1971 (3-5).
The significant progress that has been and continues to
be made against cancer is the result of investments from
governments, philanthropic individuals and organizations,
and the private sector the world over. In the United States,
federal investments in biomedical research, cancer research,
and the FDA are of particular importance. The majority
of U.S. federal investments in biomedical research are
administered through the 27 component institutes and
centers of the National Institutes of Health (NIH), the
largest of which is the National Cancer Institute (NCI) (see
sidebar on The National Institutes of Health by the Numbers,
p. 11). Continued progress against cancer requires robust,
sustained, and predictable growth in funding of lifesaving
biomedical research from all sources.

1.8%

1.4%

2.1%

for U.S.
men

for U.S.
women

for 0-19
year olds

per
year

per
year

per
year

8	AACR Cancer Progress Report 2015

85% of voters
recognize that progress is
being made against cancer.

Source: A 2015 national survey conducted on behalf of the AACR by
Hart Research Associates and Public Opinion Strategies.

Cancer: An Ongoing Challenge
We have made tremendous progress against cancer—for
example, the U.S. five-year relative survival rate for all
American Association for Cancer Research

cancers combined increased from 49 percent in the mid1970s to 68 percent in 2010 (6). In spite of this progress, this
collection of diseases continues to exert a devastating toll on
the global population. In fact, it is predicted that about 8.9
million people worldwide will die from some form of cancer
in 2015 (7), 589,430 of these individuals in the United States
(6) (see Table 2, p. 12).
One of the reasons that cancer continues to be an enormous
public health challenge is that advances have not been
uniform for all types of cancer (see Table 3, p. 14). For
example, although death rates for most types of cancer have
been declining in the United States since the early 1990s,
those for adults diagnosed with liver or pancreatic cancer
9

Table 1

Newly FDA-Approved medical products for the
Prevention, Treatment, and Imaging of Cancer:
Aug. 1, 2014–July 31, 2015
	Angiogenesis Inhibitors
Approved Indication
	certain forms of cervical, ovarian,
fallopian tube, and peritoneal cancers*
certain type of thyroid cancer
	certain forms of colorectal
and lung cancers*

Generic Name

Trade Name

Formulation

bevacizumab	Avastin
lenvatinib

Lenvima

ramucirumab	Cyramza

	Bone Remodeling Inhibitors
Approved Indication
	potentially lethal complication
of advanced cancers*

Generic Name

Trade Name

denosumab

Xgeva

Generic Name

Trade Name

Formulation

	Cell Signaling Inhibitors
Approved Indication
certain type of lung cancer*
	certain type of non-Hodgkin lymphoma*
certain type of breast cancer
most common type of skin cancer

Formulation

gefitinib**	Iressa
ibrutinib†	Imbruvica
palbociclib†^	Ibrance
sonidegib	Odomzo

	DNA Repair Inhibitor
Approved Indication

Generic Name

Trade Name

certain type of ovarian cancer

olaparib**^

Lynparza

Approved Indication

Generic Name

Trade Name

multiple myeloma

panobinostat	Farydak

Formulation

	Epigenome-modifying Agents
Formulation

	Immunotherapeutics
Approved Indication

Generic Name

certain type of leukemia
neuroblastoma
melanoma, certain type of lung cancer
melanoma

blinatumomab†^	Blincyto
dinutuximab 	Unituxin
nivolumab†	Opdivo
pembrolizumab†
Keytruda

Trade Name

Formulation

	Imaging Agents
Approved Indication

Generic Name

Trade Name

lymphatic mapping in solid tumors*

technetium 99m tilmanocept

Lymphoseek

Approved Indication

Generic Name

Trade Name

colorectal cancer

none	Cologuard

Formulation

	Cancer Screening Tests
Formulation

Preventive Vaccines
Approved Indication
cervical, vulvar, vaginal, and anal cancers
		
		

Generic Name

Trade Name

Formulation

human papillomavirus	Gardasil 9
9-valent vaccine (types 6,
11, 16, 18, 31, 33, 45, 52, and 58)
infusion

* new indication for 2014–2015
** approved with a companion diagnostic
† breakthrough therapy
^ first in class
Where drugs have multiple trade names are used, only the most common have been listed

pill
injection
test
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Cancer accounts for

1 in 4

deaths in the
United States (6).

1 in 7

deaths worldwide (8).
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Table 2

Estimated Incidence and Mortality for
Select Cancers
Estimated 2015 Incidence

Total

	All Sites

Estimated 2015 deaths

Male

Female

Total

Male

Female

1,658,370 848,200

810,170

589,430

312,150

277,280

	Head and Neck Region
Brain & other nervous system
	Oral cavity & pharynx
Tongue
	Mouth
Pharynx
Larynx
Lung & bronchus
	Breast

22,850
45,780
14,320
12,920
15,520
13,560
221,200
234,190

12,900
32,670
10,310
7,750
12,380
10,720
115,610
2,350

9,950
13,110
4,010
5,170
3,140
2,840
105,590
231,840

15,320
8,650
2,190
2,120
2,660
3,640
158,040
40,730

8,940
6,010
1,500
1,200
2,010
2,890
86,380
440

6,380
2,640
690
920
650
750
71,660
40,290

16,980
24,590
35,660
10,910
48,960
9,410
93,090

13,570
15,540
25,510
4,990
24,840
4,960
45,890

3,410
9,050
10,150
5,920
24,120
4,450
47,200

15,590
10,720
24,550
3,700
40,560
1,260
49,700

12,600
6,500
17,030
1,660
20,710
670
26,100

2,990
4,220
7,520
2,040
19,850
590
23,600

	Gastrointestinal System
	Esophagus
	Stomach
Liver & intrahepatic bile duct
	Gallbladder & other biliary
Pancreas
	Small intestine
	Colon and rectum†

	Urogenital System
Kidney & renal pelvis
	Ovary
	Uterine corpus
	Uterine cervix
	Urinary bladder
Prostate
Testis

61,560
38,270
23,290
21,290		
21,290
54,870		54,870
12,900		
12,900
74,000
56,320
17,680
220,800 220,800
8,430
8,430

14,080
9,070
5,010
14,180		
14,180
10,170		10,170
4,100		
4,100
16,000
11,510
4,490
27,540
27,540
380
380

skin
	Skin (excluding basal & squamous) 80,100
	Melanoma
73,870

46,610
42,670

33,490
31,200

13,340
9,940

9,120
6,640

4,220
3,300

54,270
6,250
14,620
20,830
6,660
80,900
9,050
71,850
26,850

30,900
3,100
8,140
12,730
3,530
44,950
5,100
39,850
14,090

23,370
3,150
6,480
8,100
3,130
35,950
3,950
32,000
12,760

24,450
1,450
4,650
10,460
1,140
20,940
1,150
19,790
11,240

14,210
800
2,830
6,110
590
12,140
660
11,480
6,240

10,240
650
1,820
4,350
550
8,800
490
8,310
5,000

2,970
11,930

1,640
6,610

1,330
5,320

1,490
4,870

850
2,600

640
2,270

	Hematological System
Leukemia
Acute lymphocytic leukemia
Chronic lymphocytic leukemia
Acute myeloid leukemia
Chronic myeloid leukemia
Lymphoma
Hodgkin lymphoma
Non-Hodgkin lymphoma
	Myeloma

	Other Cancers
Bones & joints
	Soft tissue (including heart)

	*Rounded to the nearest 10; estimated new cases exclude basal cell and squamous cell skin cancers and in situ carcinomas except urinary bladder. About 60,290
carcinoma in situ of the female breast and 63,440 melanoma in situ will be newly diagnosed in 2015. †Estimated deaths for colon and rectal cancers are combined.
‡More deaths than cases may reflect lack of specificity in recording underlying cause of death on death certificates and/or an undercount in the case estimate.
	Source: Estimated new cases are based on cancer incidence rates from 49 states and the District of Columbia during 1995-2011 as reported
by the North American Association of Central Cancer Registries (NAACCR), representing about 98% of the US population. Estimated deaths
are based on U.S. mortality data during 1997-2011, National Center for Health Statistics, Centers for Disease Control and Prevention.
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Cancer

is the No. 1 cause of
disease-related
death among
U.S. children.
rose 2.5 percent and 0.3 percent per year, respectively, from
2007 to 2011 (6). Overall five-year relative survival rates for
U.S. adults with these two types of cancer are also very low,
at 17 percent for liver cancer and 7 percent for pancreatic
cancer, in stark contrast to the overall five-year relative
survival rates for women with invasive breast cancer and
men with prostate cancer, which are 89 percent and almost
100 percent, respectively (6).

the U.S. population age 65 and older is expected to double
in size by 2060 (13), it is anticipated that the number of
new cancer cases diagnosed each year in the United States
will increase dramatically (7). In fact, it is estimated that in
2035, there will be almost 2.4 million new cases of cancer
diagnosed in the United States. Also contributing to the
projected increase are the continued use of cigarettes by
18 percent of U.S. adults (14) and high rates of obesity and
physical inactivity, both of which are linked to an increased
risk for several types of cancer (15, 16).

2035

2,387,304

Another reason that cancer continues to be a challenge is
that advances have not been uniform for all patients with a
given type of cancer. Five-year relative survival rates vary
not only with stage at diagnosis, but also among different
segments of the population (see sidebar on Cancer Health
Disparities in the United States, p. 15).
The reality is that cancer will continue to pose challenges for
researchers, clinicians, and patients in the coming decades
unless more effective strategies for cancer prevention, early
detection, and treatment are developed. Given that cancer
is primarily a disease of aging (12), and that the portion of

U.S. Cancer
cases

2015

1,658,370

Stage at diagnosis can affect
5-year relative survival
(6)

Breast cancer:
89%
overall

99%
local

85%
25%
regional distant
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Colorectal cancer:
65%
overall

90%
local

71%
13%
regional distant
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Table 3

Comparison of Five-Year relative Survival Rates for
Pediatric Cancers (0-19 yrs) Between 1975-79 and 2003-09
1975–1979 (%)

2003–2009* (%)

0

20

40

60

80

100

120

All ICCC sites^
Leukemia
Acute lymphocytic leukemia
Acute myeloid leukemia
Lymphomas and reticuloendothelial neoplasms
Hodgkin lymphoma
Non-Hodgkin lymphoma
Brain and central nervous system
Ependymoma
Astrocytoma
Medulloblastoma
Neuroblastoma and ganglioneuroblastoma
Retinoblastoma
Wilms tumor
Hepatic tumors
Bone tumors
Osteosarcoma
Ewing sarcoma
Rhabdomyosarcoma
Testicular germ cell tumors
Ovarian germ cell tumors
Thyroid carcinoma
Melanoma
*Followed through 2010
	^Cancers in children and younger adolescents are classified by histology
(tissue type) into 12 major groups using the International Classification of Childhood Cancers (ICCC)
	Adapted from (1)
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Almost 70 percent of
U.S. cancer diagnoses occur
among those age

55 and older.

A rise in the number of U.S. cancer cases will lead directly
to an increase in the number of cancer deaths, and in the
near future cancer is expected to overtake heart disease as
the country’s leading cause of death (17).
These challenges are not unique to the United States; they
are also global problems (see sidebar on Cancer: A Global
Challenge). Thus, it is imperative that the global biomedical
research community collaborates to address cancer
incidence and mortality, and spur continued advances
against cancer.
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Cancer: A Costly Disease.
Research: A Vital Investment

Cancer exerts an immense global toll not only through the
number of lives it affects each year, but also as a result of its
substantial economic impact. It is estimated that the 13.3
million cases of cancer diagnosed worldwide in 2010 cost
$290 billion in that year alone (18) (see Figure 1). With the
number of cancer cases projected to rise dramatically in the
next few decades, so too will the costs. In fact, it is estimated
that the 21.5 million new cases of cancer projected to be
diagnosed in 2030 will cost $458 billion (18).
In the United States alone, it is estimated that the direct
medical costs of cancer care in 2010 were nearly $125
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billion, and that these costs will likely rise to $156 billion
in 2020 (19). These costs stand in stark contrast to the NIH
budget for fiscal year (FY) 2015, which is $30.3 billion.
Given the increasing economic and personal burden of
cancer, it is clear that more research is required if we
are to continue to make new advances against cancer.
In the United States, most biomedical research, as well
as the federal regulatory agency that assures the safety
and efficacy of advances—the FDA—is supported by
funds from the federal government. Therefore, it is
imperative that Congress and the administration increase
investments in the federal agencies that are vital for
fueling progress against cancer, in particular the NIH,
NCI, and FDA.
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Developing Cancer
I n t h i s s e c t i o n y o u w i ll l e a r n :

• Cancer is not one disease; it is
a collection of many diseases
characterized by the uncontrolled
growth of cells.
• Changes in the genetic material in a
normal cell underpin cancer initiation
and development in most cases.

Cancer is not one disease; it is a collection of many diseases
that arise when the processes that control the multiplication
and life span of normal cells go awry.
As humans develop, we grow, through extensive cell
multiplication, from a single cell to an estimated 37.2
trillion cells in an adult body (20). When a person matures,
the pace of cell multiplication slows. In adults, normal cells
primarily multiply only to replace cells that die either due
to exposure to a variety of external factors or naturally as a
result of normal cellular wear and tear, which is related to
the number of times the cell has multiplied.
When the processes that control the multiplication and
life span of normal cells go awry, the cells start multiplying
uncontrollably, fail to die when they should, and begin to
accumulate. In body organs and tissues, these cancerous
cells form a tumor mass, and in the blood or bone marrow,
they crowd out the normal cells.
Without medical intervention, over time, some cancerous
cells gain the ability to invade local tissues, and some
spread, or metastasize, to distant sites. The progression of
a cancer to metastatic disease is the cause of most cancerrelated deaths.

90%

• A cancer cell’s surroundings
influence the development and
progression of disease.
• T
 he most advanced stage of cancer,
metastatic disease, accounts for more
than 90 percent of cancer deaths.
 he more we know about the biology
• T
of cancer, the more precisely we can
prevent, detect, diagnose, and treat it.

Changes, or mutations, in the genetic material of cells are
the primary cause of cancer initiation and development.
Not all mutations contribute to cancer development, but the
greater the chance that a cell will acquire a mutation, the
greater the chance that the cell will acquire a mutation that
will cause cancer. The identity, order, and speed at which
a cell acquires genetic mutations determine the length of
time it takes for a cancer to develop and are influenced by
numerous interrelated factors (see sidebar on Why Me? Why
This Cancer? p. 19).

The Cancer
Genome Atlas
(TCGA) is an international
program started by the
National Cancer Institute and
National Human Genome
Research Institute in 2006 to
catalog the genetic mutations
associated with over 20
different cancer types.

of cancer deaths are a result
of metastatic disease.
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Cancer Development:
Influences Inside the Cell

although it is important to note that not all mutations result
in cancer.

Cancer develops largely as a result of the accumulation
of mutations in the genetic material inside a cell (see
sidebar on Genetic and Epigenetic Control of Cell Function).
A mutation is a change in the type or order of the four
deoxyribonucleic acid (DNA) units, called bases, that make
up the genetic material of a cell. The sequence of DNA
bases determines what proteins are produced by a cell and
how much of each protein is produced, thereby defining
cellular function. Many different types of mutation can
lead to cancer, largely by altering the amount or function of
certain proteins (see sidebar on Genetic Mutations, p. 21),

Most cancer cells have not only numerous genetic
mutations, but also profound abnormalities in their
epigenomes when compared with normal cells of the
same tissue. In many cases, epigenetic alterations and
genetic mutations work in conjunction to promote
cancer development. Of immense therapeutic interest
is the discovery that although genetic mutations are
permanent, some epigenetic abnormalities may be
reversible. In fact, the FDA has already approved six
therapeutics that cause changes in the epigenome (see
Targeting the Epigenome, p. 82).
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Cancer Development:
Influences Outside the Cell
Genetic mutations underpin cancer initiation and
development in most cases. However, interactions between
cancer cells and their environment—known as the tumor
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microenvironment—as well as interactions with systemic
factors, also play an important role in cancer development
(see sidebar on Cancer Growth: Local and Global Influences, p.
22). Therefore, developing a more comprehensive, wholepatient understanding of cancer has the potential to provide
novel approaches to cancer prevention and treatment.

21

Cancer Development:
Exploiting Our Expanding Knowledge
to Improve Health Care

researchers are beginning to use the same precision
strategy to develop new cancer prevention and
interception interventions (see Special Feature on Five
Years of Progress Against Cancer, p.23).

Research has significantly increased our knowledge
of the processes by which cancer starts, progresses,
and results in disease. It also has expanded our ability
to exploit this knowledge to develop new and better
approaches to cancer prevention, detection, diagnosis,
and treatment. Most of the new treatments are more
precise than traditional therapies, providing patients
with not just longer, but also higher-quality lives, and

In the United States, the research that fuels advances
against cancer is largely supported by the NIH and NCI.
Given that continued progress will be made only through
additional research, it is vital that the administration and
Congress increase investments in the NIH and NCI, as
well as the FDA, which assures the safety and efficacy
of advances.
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I n t h i s s e c t i o n y o u w i ll l e a r n :

• Oncology is leading precision medicine
efforts and transforming lives.
• Genomics is the foundation on which
precision medicine in oncology is built.
• In the past five years, molecularly
targeted therapeutics and
immunotherapeutics have become part
of routine care for patients with
several types of cancer.

To celebrate the fifth edition of the AACR Cancer Progress
Report, included here is a special feature in which we
highlight advances that have been made against cancer in
the five years of publishing the report.
The year 2011 marked the 40th anniversary of the signing
of the National Cancer Act of 1971, which focused the
nation’s efforts and attention on the fight against cancer.
Much changed between 1971 and 2011, and the AACR
commemorated the amazing advances in cancer research
made during that time with the publication of its inaugural
AACR Cancer Progress Report.
In the four decades after 1971, we went from the concept
that cancer is a single disease caused by viruses to the
understanding that cancer is a vast collection of diseases, some
of which are indeed caused by chronic infection with certain
viruses, united by overgrowth of cells (see Prevent Infection
With Cancer-causing Pathogens, p. 46). More important,
however, was the discovery that cancer arises from a myriad
of genetic changes within cells that accumulate with time (see
Developing Cancer, p. 18).
That discovery, coupled with advances in biology, chemistry,
physics, and technology, set the stage for the new era of
precision medicine. In fact, by Jan. 1, 2011, 20 therapeutics
targeting specific molecules involved in the development
and progression of cancer had been discovered and
approved for patient benefit. Included in this list are not
only therapeutics that target cancer-specific molecules, but
American Association for Cancer Research

• Big data show promise for increasing
the number of precision therapeutics
in our toolkit.
• Genomically informed clinical trial
designs are essential for moving
precision medicine forward as quickly
as possible.

also those that target the blood vessel growth that supports
tumor development and some immunotherapeutics.
As described in this Special Feature on Five Years of Progress
Against Cancer, much has changed since Jan. 1, 2011.
Powered by fundamental research, our understanding of
the inner workings of cancer has continued to explode.
As we have learned more about the biology of cancer and
both the normal and pathologic responses of the patient to
cancer, we have been able to develop increasingly precise
therapies that reduce the adverse effects of treatment while
simultaneously enhancing their ability to eliminate certain
forms of cancer, including some drug-resistant cancers.
Moreover, the pace at which this is being accomplished
continues to accelerate year after year, providing a glimpse
of an even brighter future. For example, from Jan. 1, 2011,
through July 31, 2015, 32 additional therapeutics targeting
molecules involved in the development and progression of
cancer were discovered and approved for patient benefit,
which is more than in the entire four prior decades.

Treating Cancer More Precisely
In 2001, the FDA approved imatinib (Gleevec) for the
treatment of Philadelphia chromosome–positive chronic
myelogenous leukemia (CML).
This was a watershed moment.
23
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Imatinib changed the standard of care for CML and
transformed the lives of many patients with this previously
fatal disease by increasing the five-year relative survival rate
from 17 percent in the mid-1970s to 63 percent in 2007
(23). It also went on to become an effective treatment for
gastrointestinal stromal tumors (GIST), as well as several
other forms of leukemia and myeloproliferative disorders.
Equally important, imatinib helped to usher in the age of
precision medicine by becoming the first chemical agent to
target a cancer-specific protein, BCR-ABL.
What, then, is precision medicine?
Precision medicine, also known as personalized medicine,
molecular medicine, or tailored therapy, is broadly defined
as treating a patient based on characteristics that distinguish
that individual from other patients with the same disease.
Factors such as a person’s genome, his or her cancer
genome, disease presentation, gender, exposures, lifestyle,
microbiome, and other yet-to-be-discovered features
are considered in precision medicine (24) (see Figure 2).
Currently, genomics is the predominant factor influencing
precision medicine in oncology.
In essence, what precision medicine aims to do is identify
the factors most unique to the disease state and use them
for the purposes of preventing cancer, diagnosing disease,
predicting patient outcomes, and directing therapy.
Further, in the research and development setting, these
characteristics are used to develop an ever-expanding
toolkit of increasingly more precise anticancer therapeutics

(see Appendix Table 1, p. 122). In other words, by
understanding more about a particular disease, one should
be able to develop “magic bullets” specific for that disease
that would leave healthy tissue unharmed, a concept
pioneered over 100 years ago by Paul Ehrlich, the father of
chemotherapy for disease (25).
Over the course of more than 60 years, we have gone
from a limited understanding of the specific factors that
influence cancer development to a greater appreciation of
the particular genetic mutations that can fuel a cancer (see
Figure 3, p. 25, and (Re)Setting the Standard of Care, p. 26).
With this more precise knowledge of cancer development,
the tools used to prevent, detect, diagnose, and treat cancer
have also become more precise.
Although precision medicine is not unique to the practice
of oncology, oncology is leading such efforts largely
because of our immense knowledge of the role of genetic
mutations in the development and progression of cancer
(see Developing Cancer, p. 18). When this fact is coupled
with our increasing ability to read all parts of a person’s
genome faster than ever before, it becomes clear that
genomics is and will continue to be a key driver of precision
medicine. It should be noted, however, that genetics is but
one of the many factors relevant to precision medicine (see
Figure 2). As our ability to analyze all aspects of these other
characteristics rapidly catches up with our current genomic
prowess, we can expect faster and broader implementation
of precision medicine, not only in oncology, but also in the
treatment of other diseases.
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(Re)Setting the Standard of Care
Numerous advances over the past five years have greatly
benefited patients. Chief among these has been a change in
the standard of care for many types of cancer, as well as the
addition of entirely new therapeutic modalities. Together
with those that have been the mainstay of cancer treatment
for many years, these new therapies give patients and
their physicians many more options to treat, manage, and
hopefully overcome their cancers.

Going Deep
In the not-so-distant past, there were three “pillars” of cancer
treatment to effectively treat disease—radiotherapy, surgery,
and traditional chemotherapy (see Figure 4).
With the advent of molecular biology, we began to
understand various cancers at the molecular level and to
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develop new therapeutics that targeted those molecules that
were closely associated with the root cause of the disease.
Some of the earliest examples of such “molecularly targeted”
therapeutics, which became the first generation of precision
therapeutics, include rituximab (Rituxan) for the treatment
of B-cell non-Hodgkin lymphoma; trastuzumab (Herceptin)
for the treatment of HER-2–positive breast cancer; and
imatinib for the treatment of CML.
This first generation of precision therapeutics added a
fourth pillar of cancer treatments, and provided new,
less-toxic options for physicians treating patients with
these cancers (see Figure 4). Unfortunately, at the time,
for patients for whom these therapeutics were ineffective,
or for those who developed resistance, there were no
other precision medicine treatment options. Fortunately,
today this is different for patients with many, but not all,
types of cancer.

AACR Cancer Progress Report 2015

Since Jan. 1, 2011, the FDA has approved six systemic
therapeutics for treating patients with metastatic melanoma,
three of which more precisely target the cancer than any
other agents previously used to treat patients with this
deadly disease (see Figure 5). Two of these novel agents,
vemurafenib (Zelboraf) and dabrafenib (Tafinlar), are so
precise that they are effective only against the approximately
50 percent of melanomas that harbor mutant forms of
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BRAF. These therapeutics have transformed the lives of
many patients with metastatic melanoma and show the
power of this approach to cancer treatment.
In addition, there are now six precision therapeutics for
the treatment of CML, including an agent that targets the
common T35I mutation (see Ref. 28 for more details).
Similarly, chronic lymphocytic leukemia (CLL) patients
have an equally extensive selection of precision therapeutics
to treat their disease, including two new agents that were
approved in 2014 (see Ref. 1 for more details). Importantly,
patients with melanoma, CLL, or CML are not the only
individuals with numerous precision therapeutic options, as
this is rapidly becoming the rule rather than the exception.
Undoubtedly, as we continue to learn more about the
biology of those types of cancer for which no, or relatively
few, precision therapeutic options currently exist, we will
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Melanoma is the deadliest form of skin cancer, with only 16
percent of patients with metastatic disease surviving five or
more years after diagnosis (6). The first new treatment option
for melanoma in 30 years was approved by the FDA in 2011.
Prior to that, the standard of care for patients with metastatic
melanoma was dacarbazine, a traditional chemotherapeutic,
and high-dose aldesleukin (Proleukin), an immune stimulant;
however, neither agent had demonstrated a significant effect on
overall survival in randomized trials (27).
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be able to develop equally impressive and deep toolkits of
therapeutic options for patients with these diseases.

A New Pillar
During the past five years, another major advancement in
cancer treatment was the addition of a fifth pillar of cancer
treatment: immunotherapy (see Figure 4, p. 26). The concept
of using a patient’s own immune system to eliminate his
or her cancer is not new, but in the past five years we have
finally been able to effectively translate knowledge about the
immune system into revolutionary advances in patient care
(see Treatment With Immunotherapeutics, p. 82).
There are numerous types of immunotherapeutics (see
sidebar on How Immunotherapeutics Work, p. 83). The
first immune-checkpoint inhibitor, ipilimumab (Yervoy),
was FDA approved in 2011, with two others approved
by the FDA in 2014, and many more in various stages
of clinical development and regulatory review (see
Releasing the Brakes on the Immune System, p. 84). The
first therapeutic vaccine for the treatment of cancer,
sipuleucel-T (Provenge), was also FDA-approved in 2011
for the treatment of metastatic prostate cancer. Now, some
groups are using genomics to develop precision therapeutic
vaccines (see Retooling).
The past few years have also brought forth the concept of
engineering a patient’s immune cells to specifically attack
his or her cancer. This promising technique has resulted
in chimeric antigen receptor (CAR) T–cell therapy, which
has been shown in early clinical trials to successfully treat
both pediatric and adult patients with several types of
blood cancer (see Boosting the Killing Power of the Immune
System, p. 85). Two CAR T–cell therapies recently received
FDA breakthrough designations for the treatment of
acute lymphoblastic leukemia (ALL), which will help this
new form of immunotherapy reach patients as quickly as
possible (see Precision Regulation, p. 30).
Our understanding of this powerful class of therapeutics
and the newest addition to the pillars of cancer treatment
is just beginning. We will undoubtedly uncover even more
effective and precise ways of using these tools in the near
future (see What Progress Does the Future Hold? p. 100).

Retooling
As discussed above (see Developing Cancer, p. 18), cancer is
characterized by alterations of the genome. We are now able to
use these alterations to more precisely diagnose disease, predict
patient outcomes, develop therapies, and direct treatment.
Although the causes of cancer are far more complex than a
collection of genetic mutations (see sidebar on Cancer Growth:
Local and Global Influences, p. 22), genetic sequencing is one
of our most effective tools for analyzing cancer. Consequently,

many researchers have begun to investigate the possibility of
using genetic sequencing to increase the relative precision of
some non–genetic-based anticancer therapeutics.
As discussed in What Progress Does the Future Hold? (p.
100), several groups are actively using genomic sequencing
to determine which patients are most likely to respond
to various types of immunotherapeutics. Others are
investigating whether genomics can be used to identify
ways to develop more precise anticancer vaccines (29).
The earliest traditional chemotherapeutic was based on nitrogen
mustard gas and was found to cause damage to DNA, leading
to early death of rapidly dividing cells, such as cancer cells. The
success of this and compounds like it led to the development of
dozens of traditional chemotherapeutics that function to damage
DNA (see Appendix Table 1, p. 122). Although these drugs are
relatively imprecise, some groups have been using genomics to
identify patients who have cancers that, due to certain genetic
mutations, cannot efficiently repair damage to their DNA and
stand to benefit the most from DNA-damaging agents (see
Ways to Use Radiotherapy and Traditional Chemotherapy More
Precisely, p. 62). In this manner, physicians can use genomics to

more precisely deliver a class of otherwise relatively imprecise
anticancer therapeutics.

Another way to increase the precision of a traditional
chemotherapeutic is to link it to an antibody that recognizes
and attaches to a specific protein on the surface of a certain
type of cancer cell. Because this new therapeutic, called
an antibody–drug conjugate, more precisely delivers the
traditional chemotherapeutic to the cancer cells compared
with conventional systemic infusion of the traditional
chemotherapeutic, it is less toxic and causes fewer side
effects. There are two FDA-approved anticancer antibody–
drug conjugates, ado-trastuzumab emtansine (Kadcyla)
and brentuximab vedotin (Adcetris), but many more of this
emerging category of anticancer therapeutics are currently
being tested in clinical trials.
These are but a few examples of how we are learning to use
genomics and other molecularly based tools not only to
enhance our knowledge of cancer, but also to increase the
precision with which we use our existing tools and therapies.
There are many uses for genomics. Two uses have the
potential to convert small successes into benefit for much
larger groups of patients (see sidebar on Transforming
Lives One Sequence at a Time, p. 29). These are the use of
genomics to assign a patient to a therapeutic not previously
FDA approved for his or her cancer type, known as drug
repositioning, and the use of genomics to determine why
a few patients’ cancers either responded, known as rareresponders, or failed to respond to a particular therapy.
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Transforming Lives One Sequence at a Time
Rita Porterfield // Virginia

Photo courtesy of Memorial Sloan Kettering Cancer

“Has Her Life Back” Thanks to the Clinical Use of Genomics
In May 2000, Rita Porterfield was diagnosed with Erdheim-Chester disease, which is caused
by excessive multiplication of a particular white blood cell. Genetic sequencing showed that
Rita’s disease was driven by mutations in a gene called BRAF, which is also mutated in about 50
percent of cases of cutaneous melanoma. Importantly, several BRAF-targeted therapeutics are
approved for the treatment of BRAF-mutant cutaneous melanoma, and Rita was treated with
one of these, vemurafenib (Zelboraf) (see Going Deep, p. 26), as part of a basket clinical trial (see All Trial, No Error, p.
30) at Memorial Sloan Kettering Cancer Center (MSKCC). Within three days of taking her first dose of vemurafenib,
Rita felt an improvement. She has now regained her ability to walk—when she first arrived at MSKCC she needed a
motorized scooter—and you would never know she was ill.

Zachary (Zach) Witt // Age 10 // Pennsylvania

©2014 Sherry Vitale

Overcoming Anaplastic Large Cell Lymphoma
Thanks to a Treatment for Lung Cancer
In 2010, Zach was diagnosed with anaplastic large cell lymphoma and began receiving
traditional chemotherapy at the Children’s Hospital of Philadelphia. In 2011, Zach’s
cancer stopped responding to treatment. Genetic sequencing of Zach’s tumor identified
a particular chromosomal alteration—an ALK translocation—that made him eligible for
a clinical trial of the ALK-targeted therapeutic crizotinib (Xalkori), which had already been FDA approved for the
treatment of patients with non–small cell lung cancer carrying ALK translocations. Just three days after starting
crizotinib, Zach was already feeling better and playing; he remains cancer free to this day.
MaryAnn Anselmo // Age 60 // New Jersey

Photo courtesy of Joseph Anselmo

Surviving Glioblastoma Thanks to a Treatment for Melanoma
In 2013, MaryAnn Anselmo was diagnosed with glioblastoma, the most deadly form of brain
cancer. In 2014, genetic sequencing, performed at Memorial Sloan Kettering Cancer Center
(MSKCC), of 410 of the genes in MaryAnn’s glioblastoma revealed a glimmer of hope. Her
tumor contained a mutation in BRAF, a gene commonly mutated in cutaneous melanoma,
for which there are very effective FDA-approved BRAF-targeted therapeutics. One such
therapeutic, vemurafenib (Zelboraf), although untested in glioblastoma, is making a big difference for MaryAnn.
When she first arrived at MSKCC she was ravaged by prior chemotherapy and radiation treatments. Now, her
tumor has shrunk by over 50 percent in the past year and she is focused on returning to singing professionally.

Warren Ringrose // Age 55 // Massachusetts

Photo courtesy of Warren Ringrose

Hoping to Help Others Become the Rule Rather Than the Exception
Warren started 2013 with a bang: a diagnosis of locally advanced olfactory neuroblastoma, a rare
cancer of the sinus and nasal tracts that occurs at a rate of only 0.4 per 1 million people in the United
States. Following two months of treatment with traditional chemotherapeutics, computed tomography
(CT) scans showed that Warren’s cancer was not responding to treatment. His oncologist at the DanaFarber Cancer Institute suggested that Warren participate in a clinical trial of sorafenib (Nexavar), a
therapeutic approved for the treatment of liver and kidney cancers. Warren is a rare responder, as he
was one of the few individuals on the trial who responded to sorafenib. He continues to respond to this day. Researchers are using
genomics to study why Warren benefited from sorafenib, to help not only Warren, but also other individuals like him, now and
in the future. Warren continues to take four pills a day, works full time, and considers himself lucky, as a cancer survivor, as a rare
responder, as a beneficiary of cancer research, and that he has access to the Dana-Farber Cancer Institute.
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The AACR Cancer Progress Report 2014 featured one such
drug-repositioning story (1). At just 5 years of age, Zach
Witt was diagnosed with anaplastic large cell lymphoma
(see sidebar on Transforming Lives One Sequence at a
Time, p. 29). His team of physicians at Children’s Hospital
of Philadelphia performed genomic sequencing of his
tumor and found that it contained a mutation in a gene
called ALK. Because the FDA had already approved the
ALK-targeted therapeutic crizotinib (Xalkori) for treating
patients with non–small cell lung carcinoma (NSCLC)
harboring ALK mutations, Zach’s physicians had recently
initiated a clinical trial testing crizotinib as a treatment for
childhood cancers carrying ALK mutations. Zach’s parents
enrolled him in the trial, and thanks to crizotinib, he has
been cancer free for several years. Successes like this have
the potential to benefit the 10 to 15 percent of children
whose lymphomas harbor the ALK mutation, if they are
borne out in large-scale clinical trials.
One rare responder, Warren Ringrose (see sidebar on
Transforming Lives One Sequence at a Time, p. 29), is
teaching physicians and researchers about how best to
use sorafenib (Nexavar), which targets multiple molecules
involved in angiogenesis and related signaling pathways
that drive cell multiplication and survival. Warren was
diagnosed with olfactory neuroblastoma and enrolled in a
clinical trial testing sorafenib as a treatment for head and
neck cancers. Warren was among the few individuals on
the trial who responded to sorafenib, and he continues to
respond nearly two years later. In the not-so-distant past,
Warren would have simply been considered “lucky,” an
interesting medical anecdote. However, over the past five
years, physicians and researchers have been increasingly
turning to genomics to determine what makes patients like
Warren “lucky.” By using genomics to learn about Warren’s
success, physicians and researchers want to help make
others like Warren the rule rather than the exception.

The NCI Exceptional
Responders Initiative
is a clinical research study that aims
to identify the molecular cause of
exceptional responses to treatment
in cancer patients. Exceptional
responders are defined as patients who
experienced a clinical response when
fewer than 10 percent of similar patients
responded to the same therapy.

Going Big
As discussed above, there are numerous characteristics of a
person and his or her cancer that need to be considered when
implementing precision medicine (see Figure 2, p. 24). During
the past five years, rapid technological progress has allowed
us to analyze a person’s microbiome, hormones, genome, and
epigenome at wholesale scales, a stark contrast from the past,
when each would have been analyzed one at a time.
Coupling these advances with recent improvements in our
ability to image the body and its contents more quickly,
with higher resolution and increasing speed, we have made
significant and rapid progress against cancer. This progress,
however, brings its own challenges. We are now generating
enormous amounts of data per patient, and this will only
“balloon” as these types of analyses scale across more
patients to entire populations. Implementation of precision
medicine for the treatment of cancer is, therefore, a “big
data” problem (see Figure 6, p. 31).
What are “big data”?
Big data are defined as data sets that are so large and
complex that they cannot easily be analyzed using
traditional methods. For big data to truly benefit patients,
researchers must be able to convert this mass of data into
meaningful knowledge. As the use of precision medicine,
particularly genomics, moves closer to becoming the
standard of care for everyone, the need to understand
and manipulate big data will become even greater. Thus,
researchers from all areas of the biomedical research
enterprise need to work together to prepare for the coming
tsunami of data.

Precision Regulation
In the United States and elsewhere, an experimental therapy
must be tested in clinical trials and undergo evaluation by
the relevant ruling regulatory body to ensure that it is both
safe and effective. During the past five years, the pace of
progress against cancer has accelerated dramatically. As the
research landscape has changed, the regulatory and clinical
trial landscapes have adapted to keep pace.

All Trial, No Error
Several changes relating to clinical trials have occurred
during the past five years.
The first of these includes a shift in perception about clinical
trials. Once viewed as the “last hope” for a given patient,
they are now beginning to be considered as a normal part of
cancer care. Although there remains room for improvement
in attitudes toward and participation in clinical trials (see
Building Blocks to Furthering Precision Medicine, p. 104),
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this change is helping to deliver novel treatments to the
right patients as quickly as possible.
A major change to the conduct of clinical trials, particularly
in the past five years, has been the use of genomics and
adaptive trial designs to identify the patients most likely to
benefit from a given therapy (see Biomedical Research, p.
American Association for Cancer Research

53). These strategies seek to reduce the number of patients
required to enroll in a clinical trial to demonstrate that a
given therapy is effective.
These trials largely fall into one of two categories: “basket”
studies and “umbrella” studies (see Figure 7, p. 32). Basket
studies are those that test a given therapy on a group of
31
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patients who all have the same type of genetic mutation,
irrespective of the anatomic site of origin of the cancer,
whereas umbrella studies aim to identify the best therapy
for different types of genetic mutations all within the same
anatomic cancer type.
Whatever these types of studies are called, they are
essential for moving precision medicine forward as
quickly as possible. The conduct of clinical trials has been
revolutionized in a few short years, and undoubtedly we
can expect this revolution to continue as precision medicine
moves forward at an ever-quickening pace.

Regulatory Transformation
As discussed above, the revolution in cancer research can
be meaningful for patients only if the regulatory bodies that
approve the resultant novel therapies adapt as the research
landscape changes. In the United States, the FDA has done
just that by developing numerous new strategies to get safe
and effective therapies to patients as quickly as possible (see
sidebar on FDA’s Expedited Review Strategies, p. 60).
In addition to these expedited review strategies, in 2012
the FDA initiated a new path to enhance the pace at which
experimental breast cancer therapeutics are approved
(Ref. 1 for more details). In 2013, pertuzumab (Perjeta)
became the first therapeutic to be approved under this new
regulatory path, and the molecularly targeted therapeutic is
now benefiting patients with HER-2–positive breast cancer.

These are but a few examples of how the FDA is working to
transform patients’ lives as safely and quickly as possible.
The past five years have been an amazing period of change
in cancer research and medicine, and the examples
presented here are surely but a small sampling of what we
can expect in the next five years.

Breakthrough
therapy
designation

was awarded to
26 anticancer therapeutics
as of July 31, 2015, and 9 of these
therapeutics have received FDA
approvals after being designated
breakthrough therapies.
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Preventing Cancer
From Developing
I n t h i s s e c t i o n y o u w i ll l e a r n :

• More than half of U.S. cancer deaths
are a result of preventable causes.
• Not using tobacco is the single best
way a person can prevent cancer
from developing.
• Up to one-third of all new cancer
diagnoses in the United States are
related to being overweight or obese,
physical inactivity, and/or poor
dietary habits.
• Many cases of skin cancer could be
prevented by protecting the skin from

Factors that increase the chance that a cell will acquire a
genetic mutation consequently increase the chance that a
cell will become cancerous and are referred to as cancer risk
factors (see sidebar on Why Me? Why This Cancer?, p. 19).
Decades of research have led to the identification of many
cancer risk factors (see Figure 8, p. 34), which, in turn, has
taught us that many cases of cancer are preventable (34).
In the United States, many of the greatest reductions in
cancer morbidity and mortality have been achieved by
translating discoveries of cancer risk factors into effective
new public education and policy initiatives. For example,
major public education and policy initiatives to combat
cigarette smoking have been credited with preventing
eight million premature deaths from 1964 to 2014 (35)
(see Figure 9, p. 35), and policy initiatives that minimize
exposure to other cancer risk factors, such as asbestos and
pollutants, have also played a role.

More than 50%
of U.S. cancer deaths are related to
preventable causes.
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ultraviolet radiation from the sun
and indoor tanning devices.
• Infection with many known cancercausing pathogens can be prevented
by vaccination or managed by
treatment.
• Developing a personalized cancer
prevention and early detection plan
with your health care practitioners
can help prevent cancer before it
starts or intercept it early in its
development, when it can be more
easily and successfully treated.

Policies, whether implemented by schools, workplaces,
businesses, or government—local, state, or federal—work
by helping to create environments that allow individuals
to more easily adopt a lifestyle that promotes cancer
prevention. Thus, it is imperative that everyone work
together to develop and implement new, more effective
public education and policy initiatives to help reduce the
burden of cancer further, in particular the burden from
those cancers related to preventable causes.
In addition, a great deal more research and more resources
are needed to understand why some individuals are
refractory to public education and policy initiatives and
how best to help these individuals eliminate or reduce their
risk of some cancers.

Eliminate Tobacco Use
Tobacco use is responsible for almost 30 percent of cancers
diagnosed in the United States each year (34) (see Figure
8, p. 34). Therefore, one of the most effective ways a person
can lower his or her risk of developing cancer, as well as
other smoking-related conditions such as cardiovascular,
metabolic, and lung diseases, is to eliminate tobacco use
(see sidebar on Reasons to Eliminate Tobacco Use, p. 35).
Since the relationship between tobacco use and cancer was
first brought to the public’s attention in 1964, when the
“U.S. Surgeon General’s Report on Smoking and Health”
33

Sunbeds increase the risk
of developing melanoma
by 20 percent
(37).

In May 2014, the FDA mandated that every sunlamp product
carry a visible warning that states persons under the
age of 18 years should not use the device.
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was published (43), the development and implementation
of major public education and policy initiatives have more
than halved cigarette smoking rates among U.S. adults (36)
(see Figure 9). As a result of these reductions, an estimated
800,000 deaths from lung cancer were avoided between
1975 and 2000 (36).
Unfortunately, U.S. cigarette smoking rates have begun to
plateau in recent years (36), and 831,000 individuals age 12
or older began smoking cigarettes daily in 2013 (44). If we
continue on this path, researchers estimate that 5.6 million
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children currently ages 0 to 17 years will die prematurely of
smoking-related illnesses, including cancer (36).
Globally, tobacco use was estimated to be responsible
for about six million deaths in 2011, and this number is
projected to reach eight million in 2030 if current trends
continue (45). Given that there were an estimated 1.6
million lung cancer deaths worldwide in 2012 (6), and that
the majority of these deaths are attributable to tobacco use,
it is clear that tobacco-related lung cancer is responsible for
more than one million deaths around the world each year.

35

Cigarettes are not the only tobacco products that can cause
cancer—smoking cigars, using smokeless tobacco (for
example, chewing tobacco and snuff), and smoking tobacco
in pipes have all been linked to certain types of cancer (38,
39). Given that in the United States, in 2013, there were an
estimated 12.4 million current cigar users age 12 or older,
8.8 million smokeless tobacco users, and 2.3 million pipe
tobacco users, in addition to the 55.8 million cigarette
smokers (44), it is imperative that researchers, clinicians,

advocates, regulators, and policymakers continue to work
together to develop new and better approaches to prevent
tobacco use initiation and facilitate cessation if we are to
eradicate one of the biggest threats to public health.
Electronic cigarettes (e-cigarettes) are frequently marketed as
a less harmful alternative to traditional combustible cigarettes
and as helpful for those trying to quit cigarette smoking
(47). However, e-cigarettes may be harmful if they increase

36	AACR Cancer Progress Report 2015

42%

1965

of cancer deaths worldwide
are attributable to smoking (46).

Cigarette
smoking
rates

middle and high school students, with use of these devices
tripling from 2013 to 2014 (48).

among
U.S. adults (36)

18%

Maintain a Healthy Weight, Eat a
Healthy Diet, and Stay Active

2012

the likelihood that nonsmokers—particularly children—or
former smokers will start smoking combustible cigarettes,
or if they discourage smokers from quitting. Therefore,
more research is needed so that we can fully understand the
health consequences of e-cigarette use, their value as tobacco
cessation aids, and their effects on the use of combustible
tobacco products by smokers and nonsmokers (41) (see
sidebar on E-cigarettes: What We Know and What We Need
to Know, p. 38). The need for this information is particularly
pressing because recent data show that in 2014, e-cigarettes
were the most commonly used tobacco product among U.S.

It is estimated that the total
U.S. economic costs due to
smoking are now more than

$289 billion

each year, including
$132.5 billion for direct medical care
for adults,
$151 billion for lost productivity due to
premature death, and
$5.6 billion for lost productivity due to
exposure to secondhand smoke (36).
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20%

Researchers estimate that one in every three new cases of
cancer diagnosed in the United States is related to being
overweight or obese, being inactive, and/or consuming a
poor diet (15, 34). Therefore, maintaining a healthy weight,
participating in regular physical activity, and eating a
balanced diet are effective ways people can lower their risk
of developing or dying from cancer (49) (see sidebar on
Reduce Your Risk for Cancers Linked to Being Overweight or
Obese, Being Inactive, and/or Consuming a Poor Diet, p. 40).

In fact, two recent studies that followed 650,000 individuals
for more than 10 years showed that healthy lifestyles reduced
cancer incidence by 10–15 percent, and cancer mortality
by 20–25 percent, in addition to 40–50 percent reductions
in cardiovascular-associated mortality and 25–40 percent
reductions in all-cause mortality (50, 51).

2.45

2014

million

E-cigarette
use
among U.S.
middle and
high school
students (48)

780,000

2013
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Approximately

481,000

new cases of adult cancer
worldwide in 2012 were due to being
overweight or obese (52).
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In addition to the fact that being overweight or obese as an
adult has been strongly associated with 10 types of cancer
(15, 54-56) (see Figure 10, p. 41), recent data suggest that
increased body weight during childhood and adolescence
may increase risk for colorectal cancer later in life (57,
58). Larger studies are needed to confirm this finding and
investigate whether early-life excess body weight increases
risk of other types of cancer.
Given that being overweight or obese and being inactive have
such an immense impact on cancer risk, as well as risk for
other diseases, it is extremely concerning that in the United
States more than two-thirds of adults are overweight or obese
(59), 17 percent of youth are obese (60), and nearly half of all
adults do not meet the recommended guidelines for aerobic
physical activity (61). Unfortunately, the United States is
not alone; the latest estimates show that 20 percent or more

From 2007 to 2010,

87%

of U.S. adults did not meet U.S.
government recommendations
for daily fruit intake and

76%

did not meet the recommendations
for daily vegetable intake (53).
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Body Mass
Index (BMI)
[weight in kilograms divided
by height in meters squared]:
underweight:
BMI less than 18.5 kg/m2
normal:
BMI between 18.5 and 25 kg/m2
overweight:
BMI between 25 and 29.9 kg/m2
obese:
BMI 30 kg/m2 or greater
of the population age 15 or older of nine other countries
designated by the Organization for Economic Cooperation
and Development (OECD) is obese (62) (see Figure 11, p. 42).
Moreover, sedentary behaviors, such as prolonged sitting at a
computer, may increase risk for certain types of cancer (63),
although additional research is needed to more clearly define
the contribution of sedentary behavior to risk for cancer.
Thus, concerted efforts by individuals, families,
communities, schools, workplaces, institutions, health
care professionals, media, industry, government, and
multinational bodies are required to develop and implement
effective strategies to promote the maintenance of a healthy
weight and the participation in regular physical activity.
Although such interventions will enhance overall health,
more research is required to better understand the effect of
weight loss at various stages of life on cancer risk.
In addition to preventing the development of some cancers,
maintaining a healthy weight, engaging in regular physical
activity, and eating a balanced diet may also improve
outcomes for individuals diagnosed with certain types of
cancer, in particular breast, colorectal, and prostate cancers;
reduce risk of disease recurrence and metastasis; and
increase the chance of long-term survival (65-68).

Protect Skin From
Ultraviolet Exposure
Most cases of the three main types of skin cancer—basal cell
carcinoma, squamous cell carcinoma, and melanoma—are
39
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not using UV indoor tanning devices (see sidebar on Ways

Globally, more than

42 million
children under age 5 were overweight
in 2013, according to the
World Health Organization (WHO) (64).
caused by exposure to ultraviolet (UV) radiation from the
sun, sunlamps, sunbeds, and tanning booths (69). In fact,
it has been estimated that UV exposure causes as many as
90 percent of U.S. cases of melanoma, the most deadly type
of skin cancer (69). Although the majority of these cases
are caused by UV radiation exposure from the sun, about 8
percent are attributable to indoor tanning (70). Thus, one of
the most effective ways a person can reduce his or her risk
of skin cancer is by protecting themselves from the sun and
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to Protect Your Skin, p. 43).

Despite this knowledge, melanoma incidence rates in the
United States have been increasing for at least three decades,
and the number of new cases of melanoma diagnosed each
year is projected to rise from 65,647 in 2011 to 112,000
in 2030 if current trends continue (71). Fueling the rise is
the fact that one in three adults in the United States report
experiencing at least one sunburn in the past 12 months,
and 5 percent report using an indoor UV tanning device at
least once (72, 73). Moreover, 13 percent of all high school
students and 31 percent of white high school girls report
using an indoor UV tanning device in the past year (74).
Given these continued exposures and that fewer than 15
percent of men and 30 percent of women use sunscreen
regularly on their face and other exposed skin when outside
for more than one hour (75), it is vital that all sectors of the
U.S. population work together to develop and implement
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more effective policy changes and public education
campaigns to reduce exposure to UV radiation. In fact, it
is estimated that implementation of a comprehensive skin
cancer prevention program could prevent about 21,000
melanoma cases each year from 2020 to 2030 (71). Moreover,
with nearly 5 million people a year treated for all forms of
skin cancer in the United States at an estimated cost of $8.1
billion (69), these efforts are vital if we are to reduce the
personal and the economic burden of skin cancer.

Prevent Infection With
Cancer-causing Pathogens
Persistent infection with a number of pathogens—bacteria,
viruses, and parasites that cause disease—is responsible for

an estimated 16 percent of worldwide cancer cases diagnosed
each year (76-78) (see Figure 12, p. 45, and Table 4, p. 45).
Therefore, individuals can significantly lower their risk
for certain types of cancer by protecting themselves from
infection with cancer-associated pathogens or by obtaining
treatment, if available, to eliminate an infection.
In fact, there are strategies available to eliminate, treat, or
prevent infection with the four pathogens that account for
more than 90 percent of pathogen-associated cancer cases:
Helicobacter pylori, hepatitis B virus (HBV), hepatitis C
virus (HCV), and human papillomavirus (HPV) (78) (see
sidebar on Preventing or Eliminating Infection With the Four
Major Cancer-causing Pathogens, p. 46). Thus, it is clear
that these strategies are not being used optimally and that
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the global burden of cancer could be significantly reduced
through more effective implementation of these strategies.
In the United States, the development of strategies to
increase uptake of the three FDA-approved HPV vaccines
could have an immense impact on cancer prevention (see
Cancer Prevention, Detection, Interception, and Diagnosis,
p. 58). The most recent estimates from the Centers for
Disease Control and Prevention (CDC) show that in 2013,
only 6 percent of men and 37 percent of women ages 19 to
26 had received one or more dose of HPV vaccine (79). In
addition, in 2012, only 33 percent of girls ages 13 to 17 had
received the recommended three doses of HPV vaccine
(80). This low coverage stands in stark contrast to that in
other high-income countries, such as Australia and the
United Kingdom, and Rwanda, a low-income country that
recently reported HPV vaccination of more than 90 percent
of eligible girls following implementation of a national,
multisector, collaborative, school-based program (81, 82).
Moreover, it is estimated that in the United States, more
than 50,000 cases of cervical cancer and thousands of
cases of other HPV-related cancers, including many anal,
genital, and oral cancers, could be prevented if 80 percent
of those for whom HPV vaccination is recommended—
girls and boys at age 11 or 12—were to be vaccinated (82).
In addition, research has shown that vaccinating boys as
well as girls has the potential not only to save lives from
oropharyngeal cancer, but also to save health care costs (83).
American Association for Cancer Research
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Limit Exposure to Other Risk Factors
There are numerous additional cancer risk factors, including
reproductive factors, occupational cancer-causing agents,
and environmental pollutants (84) (see Figure 8, p. 34).
Given that it can be difficult for people to avoid or reduce
their exposure to many of these factors, it is imperative that
policies are put in place to ensure that everyone lives in a
safe and healthy environment.
In the United States, some policies that help prevent
cancer have been in place for several decades. For example,
there are numerous policies to help prevent exposure to
asbestos, which can cause mesothelioma, an aggressive
type of cancer for which there remain few treatment
options (85). For other known environmental cancer risk
factors, for example, radon gas released from rocks, soil,
and building materials, there are existing guidelines for
reducing exposure, but compliance with these guidelines
is not mandatory. For others, for example, exposure to
occupational cancer-causing agents and environmental

pollutants, there is a clear need to develop and implement
more effective policies.
One environmental pollutant that was recently classified
by the International Agency for Research on Cancer
(IARC), an affiliate of the World Health Organization,
as “carcinogenic to humans,” alongside agents such as
plutonium and cigarettes, is outdoor air pollution (87).
Outdoor air pollution is a complex cancer-risk factor
because it is a mixture of pollutants, some of which are
currently classified as carcinogenic to humans by IARC, that
vary over space and time as a result of differences in climate
and sources. However, we know the sources of much
outdoor air pollution—emissions from motor vehicles,
industrial processes, power generation, and the burning of
solid fuels for domestic heating and cooking—and it is clear
that new policy efforts to reduce the release of pollutants
into the atmosphere are sorely needed if we are to reduce
the global burden of cancer.
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Table 4

Cancer-causing Pathogens
bacteria
Pathogen

Cancer

% of global cancer cases attributable to infection*

Helicobacter pylori	Stomach cancers

32.5

	parasites
Pathogen

Cancer

% of global cancer cases attributable to infection*

Clonorchis sinensis	Biliary cancer, pancreatic cancer,
		
and gallbladder cancer
Opisthorchis viverrini 	Biliary cancer, pancreatic cancer,
		
and gallbladder cancer
Schistosoma haematobium	Bladder cancer

0.1
unknown
0.3

viruses
Pathogen

Cancer

% of global cancer cases attributable to infection*

	Epstein-Barr Virus (EBV)	Stomach cancers, Hodgkin and
		
certain non-Hodgkin lymphomas,
		
and nasopharyngeal cancers
	Hepatitis B/C Virus	Hepatocellular carcinoma
(HBV and HCV)
	Human Herpes Virus type -8
Kaposi sarcoma and
certain forms of lymphoma
(HHV-8; also known as
Kaposi sarcoma herpes virus)
	Human Immunodeficiency
Kaposi sarcoma and
Virus (HIV)
non-Hodgkin lymphoma
	Human Papillomavirus (HPV)	Cervical, anogenital, head and neck,
		
and oral cancers
	Human T-cell Lymphotrophic
T-cell leukemia and lymphoma
Virus, type 1 (HTLV-1)
	Merkel Cell Polyomavirus	Skin cancer
(MCV)

5.4
29.5
2.1
unknown
30
0.1
unknown

* where known

Data from (78)

International
HPV Vaccine
Coverage
Among Girls

% Three-Dose Coverage

100
90
80
70
60
50
40
30
20
10
0
Rwanda
Data from (76, 77)
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(grade 6,
2011)

Australia
(age 15,
2011)

United
Kingdom

(ages 12–19,
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United
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(ages 13–17,
2007–2012)
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Screening for Early Detection
and Interception
We know that most cancers arise as a result of the
accumulation of genetic mutations and that the chance
that a cell acquires a genetic mutation is influenced by
many different factors (see sidebar on Why Me? Why This

Three facts about
radon gas and
lung cancer:
Exposure to radon gas causes about
15,000 to 22,000 new lung cancer
cases each year in the United States,
making it the second leading cause of
this disease after cigarette smoking.
About 1 in 15 U.S. homes have radon
levels at or above the level at which the
U.S. Environmental Protection Agency
(EPA) recommends taking action,
4 picocuries per liter of air
About 5,000 U.S. lung cancer deaths
could be prevented each year by
lowering radon levels below
4 picocuries per liter of air.
Data from (86)

Cancer? p. 19). Although people can avoid some of these
factors, thereby significantly reducing their risk for cancer,
not all factors are avoidable—for example, the acquisition
of mutations during cell multiplication (21)—and not
everyone avoids factors that can be avoided. This is where
we have learned to exploit our knowledge of the causes,
timing, sequence, and frequency of the genetic, molecular,
and cellular changes that drive cancer initiation and
development to implement screening strategies that allow
us to intercept these events at the earliest possible stage.

Some screening tests can prevent cancer from developing
because they detect precancerous changes in a tissue that can
be intercepted and removed before they have the chance to
develop into cancer. For example, colonoscopy can detect
abnormal growths, or polyps, in the colon and rectum that
can be removed before they develop into colorectal cancer.
In fact, the CDC estimates that between 2003 and 2007,
approximately 33,000 cases of colorectal cancer in the United
States were prevented by colorectal cancer screening (88).
Other screening tests can detect cancer at a very early stage
of development so that it can be intercepted before it has
spread to other parts of the body, which makes it more
likely that a patient can be treated successfully.
Screening to detect and intercept cancer before an
individual shows signs or symptoms of the disease for
which he or she is being screened has many benefits, but
it can also result in unintended adverse consequences (see
sidebar on Cancer Screening, p. 48). Thus, population-level
use of a cancer screening test must not only decrease deaths
from the screened cancer, but it must also provide benefits
that outweigh the potential risks. Determining whether

Major sources of air pollution:

motor vehicle emissions
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industrial processes
such as petroleum
refining

residential sources
such as wood-fired
heating
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In the United States,
colorectal cancer screening:
has helped
dramatically reduce
colorectal cancer
incidence and
mortality;

is not used by 1 in 3
people for whom it
is recommended;

could save 1,000 additional lives
each year if the proportion of
individuals following the colorectal
cancer screening recommendations
increased to 70.5 percent.

Data from (88)
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broad implementation of a screening test can achieve these
two goals requires extensive research and careful analysis of
the data generated.
In the United States, rigorous data analysis by members
of the U.S. Preventive Services Task Force (USPSTF)—
an independent group of experts convened by the
Public Health Service—has led to evidence-based
recommendations for the use of screening tests for four
types of cancer among the general U.S. population (see
sidebar on USPSTF Cancer-screening Recommendations
for Average-risk Adults). These recommendations are reevaluated as new research becomes available and can be
revised if deemed necessary.

American Association for Cancer Research

The USPSTF and other relevant professional societies’
evidence-based cancer screening recommendations are only
one consideration when a person makes decisions about
which cancers he or she should be screened for and when.
This is because everybody has his or her own unique risks
for developing each type of cancer, and the established
screening guidelines apply to average-risk individuals. A
person’s overall risks are determined by genetic, molecular,
cellular, and tissue makeup, as well as by lifetime exposures
to cancer risk factors (see Figure 8, p. 34). Therefore, every
individual should consult with his or her health care
practitioners to develop a cancer prevention and early
detection plan tailored to his or her personal cancer risks.
Given that risk for different types of cancer can vary over
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time—for example, risk for most cancers increases with
age—it is important that individuals continually evaluate
their personal screening plans and update them if necessary.

A New Era of Precision Prevention
and Interception
As we develop and implement new strategies that pair our
increased molecular understanding of cancer development
with knowledge of an individual’s unique cancer risk profile,
including genetic makeup at birth, exposures to cancer-risk
factors, age, and gender, we will usher in a new era of precision
prevention and interception (89) (see Figure 13).
Precision prevention and interception are not entirely new
concepts. For example, we know that some individuals are
at increased risk of certain cancers because they inherited a
cancer-predisposing genetic mutation (see Table 5, p. 51). If a
person thinks that that he or she are at high risk for developing
an inherited cancer (see sidebar on How Do I Know If I Am at
High Risk for Developing an Inherited Cancer?, p. 52), he or
she should consult a physician and consider genetic testing,
and if the person does indeed carry one of these mutations,
risk-reducing measures tailored to his or her precise needs can
be taken (see sidebar on Direct-to-Consumer Genetic Testing, p.
52). Some people at high risk might be able to reduce their risk
of developing cancer by modifying their behaviors, whereas
others might need to increase their participation in screening

Just 5-10%

of new U.S. cancer cases are linked
to inherited genetic mutations (22).
programs or consider taking a preventive medicine or having
risk-reducing surgery (see Table 6, p. 51 and Appendix Table 2,
p. 124).
Despite the progress that has been made in cancer
prevention, early detection, and interception, not all cancers
are currently preventable and not everyone has access to or
takes advantage of current prevention and early detection
strategies. Moreover, these strategies are not equally
effective for all individuals.
Precision prevention and interception have the potential to
address these issues and to significantly reduce the personal
and financial burdens of cancer. However, achieving this
potential will require input from researchers across the
spectrum of biomedical research.
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Table 5

Inherited Cancer Risk
cancer

syndrome	Associated Gene

Leukemias and lymphomas	Ataxia telangiectasia	ATM
All cancers	Bloom syndrome	BLM
	
Breast, ovarian, pancreatic, 	Breast–ovarian cancer syndrome	BRCA1, BRCA2
and prostate cancers
	
Breast, thyroid, and	Cowden syndrome
endometrial cancers

PTEN

Colorectal cancer	Familial adenomatous polyposis (FAP)	APC
Melanoma	Familial atypical multiple	CDKN2A
		
mole–melanoma syndrome (FAMM)
Retinal cancer	Familial retinoblastoma	RB1
Leukemia	Fanconi’s anemia	FACC, FACA
Colorectal cancer	Hereditary nonpolyposis colorectal cancer/	MLH1, MSH2, MSH6, PMS2
		
Lynch syndrome
Pancreatic cancer	Hereditary pancreatitis/familial pancreatitis
	
Leukemias, breast, brain, and
soft tissue cancers

Li-Fraumeni

PRSS1, SPINK1
TP53

 ancreatic cancers, pituitary adenomas,	Multiple endocrine neoplasia 1	MEN1
P
benign skin and fat tumors
Thyroid cancer, pheochromocytoma	Multiple endocrine neoplasia 2	RET, NTRK1
	
Pancreatic, liver, lung, breast, ovarian,
uterine, and testicular cancers

Peutz–Jeghers syndrome	STK11/LKB1

	
Tumors of the spinal cord, cerebellum,
retina, adrenals, kidneys

von Hippel–Lindau syndrome	VHL

Kidney cancer

Wilms tumor

WT1

Skin cancer

Xeroderma pigmentosum

XPD, XPB, XPA

This list is not meant to be exhaustive, but contains some of the more commonly occurring cancer syndromes

Table 6

Source: http://dceg.cancer.gov/research/what-we-study/genes-host/hereditary-cancer-syndromes

Surgeries for the Prevention of Cancer
	Genetic Mutation

cancer	technique

removes

APC	Colon cancer	Colectomy	Colon/large intestine
	BRCA1 or BRCA2	Breast cancer	Mastectomy	Breasts
	BRCA1 or BRCA2	Ovarian cancer	Salpingo-oophorectomy	Ovaries and fallopian tubes
	CHD1	Stomach cancer	Gastrectomy	Stomach
	RET	Medullary thyroid cancer
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Thyroidectomy

Thyroid
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I n t h i s s e c t i o n y o u w i ll l e a r n :

• From Aug. 1, 2014, to July 31, 2015, the FDA
approved nine new therapeutics for
treating certain types of cancer, one
new cancer prevention vaccine, and
one new cancer screening test.
• During the same period, the FDA
authorized new uses for six
previously approved anticancer
therapeutics and one imaging agent.
• Pairing the increased understanding
of cancer biology with information
about each patient’s own cancer is
increasing the precision with

The dedicated efforts of individuals working throughout the
cycle of biomedical research (see Figure 14, p. 54) have led
to extraordinary advances across the continuum of clinical
care that are transforming and saving lives in the United
States and worldwide.

Biomedical Research
Biomedical research is an iterative cycle, constantly building
on prior knowledge, with one discovery influencing the
next (see Figure 14, p. 54). In recent years, the cycle has
become increasing efficient as the pace of discoveries
has increased, and various sectors within the biomedical
research enterprise have become further integrated, leading
to one seamless ecosystem (see sidebar on Biomedical
Research: What It Is and Who Performs It, p. 55). As a
result of these changes, the pace at which patient lives are
transformed through precision medicine has accelerated
and will continue to do so for the foreseeable future (see
What Progress and Promise Does the Future Hold? p. 100).
In short, the biomedical research cycle is set in motion
when discoveries with the potential to affect the practice of
medicine are made by researchers in numerous disciplines,
including laboratory research, population research,
clinical research, and clinical practice. Ultimately, the
discoveries lead to questions, or hypotheses, that are tested
by researchers performing experiments in a wide range of
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which radiotherapy and traditional
chemotherapy are used.
• Clinical trials that aim to match the
right therapeutics with the right
patients earlier are based on cancer
genomics research, and are becoming
more common.
• Identifying ways to help cancer
survivors meet the numerous
challenges they face after their
initial diagnosis is an area of
intensive research.

models that mimic healthy and disease conditions (see
sidebar on Research Models, p. 56). The results from these
experiments can lead to the identification of a potential
therapeutic target or preventive intervention, or they can
feed backward in the cycle by providing new discoveries
that lead to more hypotheses.
After identification of a potential therapeutic target, it takes
several years of hard work before a candidate therapeutic
is developed and ready for testing in clinical trials (see
sidebar on Therapeutic Development, p. 57). During
this time, candidate therapeutics are rigorously tested to
identify any potential toxicity and to ensure that they have
the maximum chance of success in clinical testing.
Clinical trials are a central part of the biomedical research
cycle. Before most potential new diagnostic, preventive,
or therapeutic products can be approved by the FDA and
used as part of patient care, their safety and efficacy must
be rigorously tested through clinical trials (see sidebar on
What Is the FDA? p. 58). There are several types of cancer
clinical trials, including treatment trials, prevention trials,
screening trials, and supportive or palliative care trials,
each designed to answer different research questions.
Treatment trials evaluating potential new anticancer
therapeutics predominantly add an investigational
intervention to the current standard of care. These types of
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clinical trial have traditionally been done in three successive
phases, each with an increasing number of patients (see
sidebar on Phases of Clinical Trials, p. 59). Recently, the Tufts
Center for the Study of Drug Development estimated that it
costs pharmaceutical companies more than $2.5 billion to
develop and gain approval for a new therapeutic, a process
often lasting longer than a decade (90), although others have
noted that not all costs associated with the discovery and
development of new therapeutics are borne by industry (91).
In the past five years, immense efforts have been made to
address these issues by identifying new ways of conducting
and regulating clinical trials that can eliminate the need for
large, long, multiphase clinical trials (see Special Feature on
Five Years of Progress, p. 23, and below).
Briefly, many efforts to streamline the development of new
anticancer therapeutics are powered by our increasing
knowledge of cancer biology, in particular, cancer
genomics. This knowledge has led researchers to focus on
the production of therapeutics that precisely target the

molecules disrupted as a result of cancer-specific genetic
mutations. This, in turn, has led to novel clinical trial
designs that aim to match the right therapeutics with the
right patients earlier, to reduce the number of patients that
need to be enrolled in clinical trials before it is determined
whether or not the therapeutic being evaluated is safe and
effective, and to decrease the length of time it takes for a
new anticancer therapeutic to be tested and made available
to patients.
One example of these new clinical trials is the phase
II/III Lung Master Protocol (Lung-MAP) trial, which
was launched in June 2014 (92). In this trial, patients
with advanced squamous cell carcinoma of the lung are
screened for more than 200 genetic alterations using
DNA sequencing technologies and then assigned to the
segment of the trial testing an investigational therapeutic
that best suits their genomic profile. A second example is
the NCI-MATCH (NCI-Molecular Analysis for Therapy
Choice) trial, which opened for patient enrollment in
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August 2015 (93). Tumors from patients enrolled in NCIMATCH will be analyzed for more than 4,000 different
genetic alterations. Patients whose tumors, regardless of
origin, harbor mutations that match any of the anticancer
therapeutics being evaluated in the trial will go on to be
assessed for other trial eligibility criteria.
This new era of clinical trials offers the promise to accelerate
the pace at which new anticancer therapeutics are tested
in the clinic and reduce the number of patients that need
to be enrolled in clinical trials, both of which may drive
down costs. Therefore, the outcomes of these trials are
American Association for Cancer Research

eagerly anticipated by investigators and patient advocates
throughout the biomedical research community.
Other major efforts to reduce the time needed for a clinical
trial to continue before a clear result is achieved have
been spearheaded by the FDA. For example, the FDA has
developed four evidence-based strategies to expedite the
evaluation of therapeutics for life-threatening diseases such
as cancer (see sidebar on FDA’s Expedited Review Strategies,
p. 60). An increasing number of anticancer therapeutics
is being approved by the FDA using the most recently
introduced of these review strategies, breakthrough therapy
55

designation. A key part of this review strategy is that the
FDA engages with those developing the investigational
therapeutic early in the clinical trials process and provides
continued guidance throughout the review period.

Progress Across the Clinical Cancer
Care Continuum
The dedicated efforts of individuals working throughout
the biomedical research cycle power the development of the
tools that are used routinely to prevent, detect, diagnose,
and treat cancer. The number of tools in the physician’s
armamentarium increases over time, because research is
a continuous endeavor that constantly translates scientific
discoveries to new FDA-approved medical products.

In the 12 months leading up to July 31, 2015, the FDA
approved one new cancer prevention vaccine, one new
cancer screening test, and nine new anticancer therapeutics,
including four immunotherapeutics (see Table 1, p. 10).
During this period, the FDA also approved new uses
for one imaging agent and six previously approved
anticancer therapeutics, including the molecularly targeted
chemotherapeutic ibrutinib (Imbruvica).
The January 2015 FDA approval of ibrutinib for
Waldenström macroglobulinemia was the first-ever FDA
approval of a treatment for this rare and incurable type
of non-Hodgkin lymphoma. It followed earlier approvals
of ibrutinib for chronic lymphocytic leukemia and
mantle cell lymphoma, which were highlighted in the
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AACR Cancer Progress Report 2014 (1). The approval of
ibrutinib for Waldenström macroglobulinemia was based
on the results of a clinical trial showing that the agent
transformed the lives of many patients (94), like Shelley
Lehrman (who was featured in the AACR Cancer Progress
Report 2014; see Ref. 1).
American Association for Cancer Research

About 1,500

U.S. adults are diagnosed with
Waldenström macroglobulinemia each year.
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Cancer Prevention, Detection, Interception,
and Diagnosis
Cancer prevention, early detection, and interception, are
the most effective ways to reduce the immense worldwide
burden of cancer. The development of new and better ways
to prevent cancer onset or to detect a cancer and intercept
it earlier in its progression, when there is a greater chance
a patient can be successfully treated, have been spurred by
research that led to the identification of many cancer risk
factors (see Figure 8, p. 34) and to the increasing knowledge
of the causes, timing, sequence, and frequency of the
genetic, molecular, and cellular changes that drive cancer
initiation and development.
Preventing More HPV-related Cancers
Almost all cases of cervical cancer, as well as many cases of
vulvar, vaginal, penile, anal, and oropharyngeal cancers, in
the United States are caused by persistent infection, at the
site at which the cancer arises, with certain strains of HPV
(see Figure 12, p. 44). The majority of these cancer cases are
attributable to just two of the 12 strains of HPV that can
cause cancer, HPV16 and HPV18 (82).
This knowledge led to the development and FDA approval
of two vaccines that protect against infection with HPV16
and HPV18: Gardasil and Cervarix. Clinical trials showed
that Gardasil and Cervarix are highly effective at preventing
precancerous cervical abnormalities caused by HPV16
and HPV18, which are the tissue changes that precede
invasive cervical cancer, and it was estimated that if all girls
and women for whom vaccination is recommended were
vaccinated, almost all cases of cervical cancer caused by
HPV16 and HPV18 could be prevented (95).

As new tools become available to physicians, they are used
alongside many that have been the mainstay of patient care
for years. Thus, most patients with cancer are treated with
a combination of surgery, radiotherapy, chemotherapy
(including both traditional chemotherapeutics and molecularly
targeted chemotherapeutics), and immunotherapy (see
Appendix Tables 1 and 3, p. 122 and 125).
The following discussion focuses on recent FDA
approvals of preventive, diagnostic, and therapeutic
products that are transforming lives across the clinical
care continuum. It also highlights some advances that are
showing near-term promise for fueling change in cancer
prevention, interception, detection, diagnosis, treatment,
and ongoing care.
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In an effort to extend these successes to other cancer-causing
strains of HPV, researchers developed Gardasil 9 that protects
not only against HPV16 and HPV18, but also against five
other cancer-causing HPV subtypes—HPV31, 33, 45, 52,
and 58. After the vaccine was shown in a clinical trial to
be effective at preventing precancerous abnormalities that
precede invasive cervical, vulvar, and vaginal cancers caused
by HPV31, 33, 45, 52, and 58 (96), it was approved by the
FDA in December 2014, for the prevention of cervical, vulvar,
vaginal, and anal cancers caused by HPV16, 18, 31, 33, 45, 52,
and 58 (see sidebar on How Do the Three FDA-approved HPV
Vaccines Differ? p. 61).
The potential for Gardasil 9 to reduce the global burden
of cancer is immense. For example, it is estimated that 90
percent of invasive cervical cancer cases worldwide could
be prevented if all girls and women for whom vaccination
is recommended are vaccinated (97). The potential for
HPV vaccines to prevent a significant number of cases of
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Cancer Cases Probably Caused by

HPV Each Year

25,900

608,000

22,000

436,400
Cancer Cases Probably Caused by

HPV16 and HPV18 Each Year
Data from (82)
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oropharyngeal cancer is of great interest because more than
60 percent of these cancers in the United States are related
to HPV infections, and the incidence of these cancers is
increasing (82, 98). However, research is needed to confirm
that HPV vaccination can indeed prevent people like Robert
(Bob) Margolis (who was featured in the AACR Cancer
Progress Report 2014; see Ref. 1) from developing HPVrelated oropharyngeal cancer.

Increasing Options for Colorectal Cancer Screening
In the United States, colorectal cancer screening has
helped dramatically reduce colorectal cancer incidence
and mortality through the identification and subsequent
removal of precancerous colorectal abnormalities and the
detection of early-stage cancers, which are more easily
treated compared with advanced-stage disease (see Screening
for Early Detection and Interception, p. 47). However, one
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Worldwide,
colorectal
cancer

is the third most commonly
diagnosed cancer and the
fourth leading cause of
cancer-related death.
Data from (7)
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in three people for whom colorectal cancer screening is
recommended are not up to date with their screening (88)
(see sidebar on USPSTF Cancer-screening Recommendations
for Average-risk Adults, p. 49), and colorectal cancer is the
fourth most commonly diagnosed cancer and the second
leading cause of cancer-related death (6).
Fear of the colorectal cancer screening test is one reason
that U.S. men and women give for not getting screened
(88). There is a noninvasive colorectal cancer screening
option recommended by the U.S. Preventive Services Task
Force, fecal occult blood testing, which tests stool samples
for blood that is present in such small amounts it cannot
be seen. Although these tests can reduce colorectal cancer
deaths by about 30 percent (99), they miss almost onethird of cancers and more than two-thirds of precancerous
abnormalities (100).
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In an effort to design a more effective stool-based colorectal
cancer screening test, researchers exploited our growing
knowledge of the genetic basis of cancer and developed
a stool-based test that detects the presence of red blood
cells and certain genetic mutations linked to colorectal
cancer. In a large clinical trial, the new test, Cologuard,
was significantly better at detecting colorectal cancers and
precancerous colorectal abnormalities than a standard stool
test for blood (100), and the test was approved by the FDA
in August 2014. The hope of researchers in the field is that
Cologuard will help increase the number of people who get
screened for colorectal cancer, although further research is
needed to determine whether or not this will be the case.

Treatment With Surgery, Radiotherapy, and
Traditional Chemotherapy
The advent of the era of precision medicine is transforming
lives by changing the standard of cancer care from
a one-size-fits-all approach to one in which greater
understanding of the patient and his or her tumor dictates
the best therapeutic strategy. For those patients for whom a
molecularly targeted therapeutic is appropriate, the greater
precision of these agents tends to make them more effective
and less toxic than the treatments that have been the
mainstay of cancer care for decades.
Although tremendous progress has been made, not all
patients with cancer can be treated with molecularly
targeted therapeutics. There are many reasons for this,
including a need for more insight into the biology of many
types of cancer. Moreover, in some cases, we know the
underlying cause of the disease but so far have been unable
to develop safe and effective therapeutics targeting the
causative molecules.
Thus, surgery, radiotherapy, and traditional chemotherapy
are the best treatment options for many patients with
cancer, as they were for Congresswoman Rosa DeLauro (see
p. 66) 29 years ago. In fact, these therapeutic modalities
form the foundation of treatment for almost all patients,
including those for whom molecularly targeted therapeutics
and other novel agents are appropriate. Moreover, the more
we know about individual patients and their individual
cancers, the better we are able to tailor their treatment to be
as effective and innocuous as possible. For example, surgery
alone may be the best treatment option for some patients, as
it was for Congressman Tom Marino (see p. 68).
Improving Diagnosis With Radiology
For many patients with cancer, surgery is an early step in
their treatment. In some patients with solid tumors, the
surgeon removes not only the initial tumor, but also lymph
nodes in the surrounding area because these are the sites to

which the tumor is most likely to first spread. The presence
or absence of cancer cells in these nodes helps determine
the extent to which the initial tumor has spread locally. This
information helps establish a patient’s precise diagnosis,
which is central to developing the most appropriate
treatment plan for the patient.
To allow surgeons to see the lymph nodes clearly, patients
are injected with a radioactive substance, a blue dye, or
both prior to surgery, and then the surgeon uses a device
that detects radioactivity and/or looks for lymph nodes that
are stained with the blue dye during surgery. In October
2014, the FDA approved a new use for the radioactive
diagnostic imaging agent technetium Tc 99m tilmanocept
(Lymphoseek) that allows it to be used to find lymph nodes
during surgery for any solid tumor where this procedure is a
routine part of surgery.
Ways to Use Radiotherapy and Traditional
Chemotherapy More Precisely
Radiotherapy and traditional chemotherapy are mainstays
of cancer care (see sidebar on Using Radiation in Cancer
Care, p. 64). However, both forms of treatment can have
long-term adverse effects on patients. Thus, researchers
are looking to pair our increasing understanding of cancer
biology with knowledge of the traits of each patient’s own
cancer to increase the precision with which radiotherapy
and traditional chemotherapy are used, in order to tailor
each patient’s treatment to be only as aggressive as is
necessary for it to be effective.
Researchers recently identified one potential way to tailor
treatment with radiotherapy for women who have had
breast-conserving surgery after an early-stage invasive
breast cancer diagnosis (101). For this group of patients,
prior research had shown that radiotherapy to the breast
after breast-conserving surgery could lower the risk of local
breast cancer recurrence in the 10 years after diagnosis from
35 percent to 19 percent (102). However, recent research
shows that breast radiotherapy does not reduce the risk for
local breast cancer recurrence for some of these women,
specifically those who have the luminal A molecular
subtype of breast cancer and are considered clinically to
have a low risk for recurrence because they are older than
60 and have a grade 1 or 2 tumor that is 2 centimeters or
smaller (101). Although these results need to be confirmed
in further studies, they show promise for a future in which
breast radiotherapy can be used more precisely, so that
some patients are spared the time and potential toxicity of
the treatment (103).
As we learn more about the biology of cancer and the ways
in which the traditional platinum-based chemotherapeutics
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carboplatin, cisplatin, and oxaliplatin exert their anticancer
effects, we are beginning to understand that it may
be possible to increase the precision with which these
agents are used. Given that we know that platinumbased chemotherapeutics damage DNA, and that this
damage ultimately kills cells if it is not repaired through
an appropriate DNA damage repair pathway, it has been
postulated that cancers carrying mutations in DNA damage
repair pathway genes, such as BRCA1 and BRCA2, will
be particularly sensitive to these agents (104). This has
been found to be the case in a number of small studies of
patients with BRCA-mutant ovarian or pancreatic cancer
(105, 106). However, further studies are needed to extend
these observations to larger numbers of patients, as well as a
wider array of DNA damage repair pathway gene mutations
and cancer types, before treatment with platinum-based
chemotherapeutics is tailored in this way.

of the molecules involved in cancer initiation
and development. Therapeutics directed to these
molecules target cancer more precisely than traditional
chemotherapeutics and, therefore, tend to be more
effective and less toxic. As a result, molecularly targeted
therapeutics—a mainstay of precision medicine—are not
only saving the lives of countless cancer patients, but also
allowing these patients to have a higher quality of life than
many who came before them.

These examples of how we may be able to increase the
precision with which we use radiotherapy and traditional
chemotherapy to achieve maximal patient benefit with
minimal harm are just two approaches among many that
are being studied as we look to better tailor treatments to
individual patients’ needs.

Traditional platinum-based chemotherapeutics are part
of the treatment for most women with ovarian cancer.
These agents work by damaging DNA, and it is thought
that they may be effective for patients with ovarian
cancer because many ovarian cancers have mutations
in DNA damage repair pathway genes, such as
BRCA1 and BRCA2, and cannot efficiently repair
the DNA damage caused by the platinum-based
chemotherapeutics (104) (see Ways to Use

Treatment With Molecularly Targeted
Therapeutics
Research is powering the field of precision medicine in
many ways, including by increasing our understanding

Molecularly Targeting Ovarian Cancer
Ovarian cancer is one of the cancer types for which we
have made little progress in recent years. In fact, the fiveyear relative survival rate for women with ovarian cancer
has not changed significantly in the past 25 years: it was
40.4 percent in 1990 and it is estimated to be 45.6 percent
today (23).

Radiotherapy and Traditional Chemotherapy More
Precisely, p. 62).

Estimated New Ovarian Cancer
Cases in 2015

Data from (6, 7)

21,290

255,660

14,180

163,765

Estimated Ovarian Cancer
Deaths in 2015
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Using Radiation in Cancer Care
There are two major
uses of ionizing radiation
in the diagnosis and
treatment of cancer.
Radiotherapy, or
radiation therapy, uses
high-energy radiation to
control and eliminate cancer, whereas radiology
largely uses lower-energy radiation to image
tissues in order to diagnose or treat disease
via the minimally invasive techniques used in
interventional radiology.

radiotherapy
Radiotherapy is the use
of high-energy rays (e.g.,
gamma rays and X-rays) or
particles (e.g., electrons,
protons, and carbon nuclei)
to control or eliminate cancer.

It works chiefly by damaging
DNA, leading to cell death.

types of radiotherapy
External beam radiotherapy directs radiation
at the tumor from outside the body; it is the most
common form of radiotherapy. Standard linear
accelerators use electromagnetic fields to accelerate
electrons, which can be used directly or collided
with a metal target to generate high-energy X-rays.
Electrons and photons (X-rays) are the most common
sources of radiation in external beam radiotherapy.
Conventional (2-D) external beam radiation therapy delivers a
high-energy X-ray beam from one or multiple directions. Imaging of
the treatment area is typically performed using low-energy diagnostic
X-rays. It is chiefly used in settings where high precision is not required,
such as in the treatment of bone metastases.
 -D conformational radiotherapy (3DCRT) uses specialized imaging,
3
usually computed tomography and/or magnetic resonance imaging
and planning software to deliver high-energy X-rays via multiple beams
that more precisely fit the shape and size of the tumor.
Intensity-modulated radiotherapy (IMRT) is a further refinement
of 3DCRT that more precisely focuses and shapes the radiation by
dividing each beam into many “beamlets,” each of which can have
a different intensity. IMRT is particularly useful when a sharp dose
gradient is required between the tumor and sensitive tissues, for
example, the optic nerves.
I ntraoperative radiation therapy uses electron beam (superficial)
radiation directly on tumors that have been exposed during surgical
procedures.
Stereotactic radiotherapy is used in both stereotactic surgery (SRS)
and stereotactic body radiotherapy (SBRT). It uses many (typically
more than eight) beams with a highly sophisticated imaging system to
direct radiation to very well defined smaller tumors. Typically, SRS is
used to treat tumors of the brain and central nervous system, whereas
SBRT can be used on small tumors within larger organs of the body.

Particle therapy
uses protons or
carbon ions rather
than X-rays as the
source of energy. In
contrast to X-rays
that pass through
the body, losing
energy and causing
damage to the
noncancerous tissues
through which they
pass, these heavier
particles deposit most
of their energy in the
target. In this manner,
particle therapy can
deliver higher doses
with less damage to
surrounding tissue.
Although this therapy
is of great interest,
proton facilities are
much more expensive
than traditional
facilities, and the
overall benefit to the
patient is still being
determined.
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Uses of Radiotherapy
Curative radiotherapy seeks to completely eliminate a
cancer, particularly small cancers, as well as locally advanced
cancers as part of combination therapy.
Neoadjuvant radiotherapy is used to reduce or control a
cancer so that it can be subsequently treated by a different
method such as surgery.
Radiotherapy is often used in combination with
surgery, chemotherapy, and immunotherapy to
control or eliminate cancer.

Adjuvant radiotherapy seeks to eliminate any remaining
cancer following prior treatment.
Palliative radiotherapy is used to reduce or control symptoms
of disease when cure by another method is not possible.

types of radiotherapy

Interventional Radiology
Interventional radiology
combines imaging with minimally invasive
techniques designed to treat cancer locally,
including:

Brachytherapy
places small radioactive
sources in or next to the
tumor. There are two
forms of brachytherapy.
Permanent
implantation
inserts
radioactive
sources into
the tumor; for example,
placement directly into the
prostate for the treatment
of prostate cancer or into
the tumor vasculature (see
radioembolization at right).
Temporary placement of
radioactive sources. In
one form of this treatment,
moderately active sources
are placed for 1-4 days; for
example, in the treatment
of soft-tissue sarcoma. In
“high dose rate”
brachytherapy,
a highly active
source is inserted
for a few minutes;
for example, in
the curative treatment
of cervical cancer.

Systemic ingestion
or infusion of
radioisotopes,
which are natural or
synthetic variations
of elements that are
unstable and emit
high-energy rays
as they stabilize,
or radiolabeled
therapeutics such
as a therapeutic
antibody. Examples
include, the use of
Iodine-131 to treat
thyroid cancer or
Y-90 ibritumomab
(Zevalin) to treat
non-Hodgkin
lymphoma,
respectively.
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Chemoembolization is a process by which
therapeutic-coated particles are
injected directly into the tumor
vasculature in order to prevent
blood flow and increase the
therapeutic concentration to
very high levels.
Cryoablation is a technique wherein needles
are directly inserted into the tumor and
cooled to very cold temperatures, causing
tumor cell death.
High-intensity focused ultrasound
applies high-intensity focused ultrasound
waves to locally heat and destroy
tumors.
Microwave ablation uses microwave
radiation to locally
heat and destroy tumors.
Radioembolization is the injection of
radioactive microspheres directly into
the tumor vasculature; for example, injection of 90Y
microspheres into a liver tumor via
the hepatic artery.
Radiofrequency ablation is a
technique wherein needles are
directly inserted into the tumor
and an electrical current used to heat the
needle, causing tumor cell death.

65

that I am here today because of
“ I know
two things—the grace of God and the

hard work of biomedical researchers.

”

Only 15 percent of patients with ovarian cancer are diagnosed at
stage 1, when the five-year relative survival rate is 90 percent
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29-Year Ovarian
Cancer Survivor and
Champion for ResearcH
The Honorable Rosa l. DeLauro (D-CT) // Age 72 // New Haven, Connecticut

In 1986, I was diagnosed with ovarian cancer. Coming

Between 1998 and 2003, we doubled the NIH budget. It

face to face with my own mortality was life changing. But

will always rank as one of my proudest achievements. But

I was fortunate in at least two respects.

unfortunately, NIH funding has fallen behind in recent

First, by chance, my doctor caught the cancer early, in
stage 1. I underwent radiation treatment for two-and-ahalf months. Throughout the process, I had excellent care.
Second, I worked for Senator Chris Dodd at the time. He
told me to take as much time as I needed to recover, that
my job was secure, and that his reelection campaign for
U.S. Senate would not begin until I returned. (It helped
that Senator Dodd was the original author of the Family
and Medical Leave Act!) I have now been free of cancer
for almost 30 years.
Cancer is a tenacious foe. But, as Ralph Waldo Emerson
said, “We acquire the strength we have overcome.” Every
survivor knows that fighting this disease brings out your
own innate human resilience. You begin to savor every
moment of your life. And you yearn to use that time to
make a difference.
In my case, defeating cancer was one of the things
that propelled me to seek election to the House of
Representatives. I came to Congress in 1991 with the
goal of making sure that everyone diagnosed with cancer
enjoys the advantages I did.

years. Since 2010, it has seen its annual budget erode by
about $3.6 billion in real terms—an 11 percent cut. It is
time to raise it again. I have a bill before Congress right
now to allow that to happen.
My story also shows the importance of early detection.
When we make screenings widely available, death rates
plummet. With cancer, the earlier the treatment, the
better your chances. We need to give everyone a shot at
treatment as early as possible. Earlier this year, I was able
to secure language in the budget to stop a new rule that
could have limited access to screening for breast cancer.
Finally, we need to allow all cancer sufferers to take time
off to recover, just as I did. Thanks to Senator Dodd, most
Americans now enjoy family and medical leave. But many
cannot afford to take time off unpaid. We should build on
Senator Dodd’s legacy by requiring all employers to offer
paid family and medical leave. Again, I have a bill that
would put this in place.
Each one of us knows someone whose life has been
touched by cancer. For example, this year alone, more
than 20,000 women will be diagnosed with ovarian cancer.
They deserve the best possible fighting chance against

Above all, that means finding enough money for lifesaving

this disease, based on the best information and the latest

research. I know that I am here today because of two

science. We have it in our power to give them the same

things—the grace of God and the hard work of biomedical

advantages I had. Battling cancer with medical science,

researchers. That is why I have made adequately funding the

screenings, and basic compassion should be a priority for

National Institutes of Health [NIH] one of my top priorities.

every government, and every human being.

Photo courtesy of the office of Rep. RosaDeLauro, CT-3

“

I am a huge proponent of the NIH and
believe investment in the agency must
continue to be a strong national priority.

Kidney cancer is the seventh most commonly
diagnosed cancer among U.S. men
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Surviving Kidney Cancer
Thanks to
Pioneering Surgery
The Honorable Tom Marino (R-PA) // Age 62 // Cogan Station, PennsylvaniA
In 1999, when I was the District Attorney of Lycoming
County, Pennsylvania, I was in Pittsburgh attending a
conference and I woke up at 2 or 3 a.m. with tremendous
pain in my back. It was so excruciating that I couldn’t make
it out of my hotel room without help from a colleague who
drove me to the emergency room.
At the hospital, I learned that I was passing kidney
stones—that’s what was causing the pain—but the tests
also revealed a cyst on my left kidney, which I was told I
needed to have checked right away.
I went home and the next day saw my personal physician,
who sent me to a nephrologist—a kidney specialist. That’s
when I learned there was a good chance I had cancer and
that I would likely need my kidney removed. But I wanted
to see if there were other options and was referred to a
physician at the Cleveland Clinic who had just pioneered
the partial nephrectomy to remove the cancerous part the
kidney instead of the entire organ, for a second opinion.
After three days of tests, I was told I was a candidate for
the partial nephrectomy and ultimately I was treated with
that procedure in Cleveland.
As soon as you hear the word cancer, a million things run
through your mind. I immediately thought about one
of my close friends who died of kidney cancer. I started
thinking the worst: who would take care of my kids and
my wife? My wife and I had just adopted our second child;
he was only 30 days old, and my daughter was not quite 4.
I also got angry. I exercised regularly, I don’t drink or
smoke, so I went through a phase of thinking, “Why me?”
But my wife repeatedly urged me to stay strong and focus
on what I needed to do to make it through this.
That’s what I did. And it was fine until 10 years later,
almost to the day. In 2009, during the regular scans and
tests I got every three months, my doctors found a tumor
in the remaining part of my left kidney, the kidney that
had been partially resected to remove the original cancer.
So I had surgery again.
And after being elected to Congress and taking office
in 2011, they found tumors in my right kidney. So, I
went back to Cleveland and they did another partial
nephrectomy. Despite the three occurrences of cancer, I

feel truly fortunate. Had it not been for the kidney stones,
I may not have found out until it was too late and might
not be here today.
My cancer experience changed my life in a number of
ways. As a prosecutor, my career was important to me, but
after my diagnosis, I wanted to spend more time with my
kids and my wife.
I often say to myself, let me get through this long enough
to see my son through graduate school. Eventually, I may
be a candidate for a kidney transplant or I will be on
dialysis, but despite it all, I continue to stay strong because
of my family.
My daughter has cystic fibrosis, a disease for which there
currently is no cure, and she really is my rock. For that
reason, I’ve always been a big supporter of increased
funding for research on diseases such as cancer, Alzheimer’s
disease, and cystic fibrosis—heartbreaking diseases that I
have seen the effects of firsthand in my family.
Members of Congress are also affected by these devastating
diseases, and I constantly have the opportunity to talk to
colleagues about getting involved in these caucuses and
the importance of a good, sound budget for the National
Institutes of Health (NIH). And there is not a day that goes
by that one of my colleagues, even those across the aisle,
aren’t asking how I feel.
Putting the emotion aside for a moment, we’re going to
find a cure for cancer and I expect we will do so in the
near future. From an economic standpoint, it makes sense
to provide the adequate funding for the NIH to find cures
for these diseases. Our focus should be nothing less than
improving the quality of life for all Americans. We have
to think outside of the box, we have to take everyone into
consideration. For those reasons, I am a huge proponent
of the NIH and believe investment in the agency must
continue to be a strong national priority.
We can find cures because nowhere in the world do
we have the talent like we do in the United States: the
scientists, doctors, nurses, all of whom are all devoted
to this important cause. They are the geniuses who will
eventually find cures for this disease.
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Unfortunately, the majority of ovarian cancers that initially
respond to platinum-based chemotherapeutics eventually
progress and are said to have become treatment resistant (see
sidebar on The Challenge of Treatment Resistance).
In December 2014, the FDA made two decisions that
provided a new treatment option for a group of patients

with treatment-resistant ovarian cancer. Specifically, the
agency approved the molecularly targeted therapeutic
olaparib (Lynparza) for women with advanced ovarian
cancer who have been previously treated with three or more
chemotherapy regimens and who have inherited a specific
BRCA1 or BRCA2 gene mutations, as determined by an
FDA-approved test, or companion diagnostic (see sidebar
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on Companion Diagnostics). At the same time, the FDA
approved a test to identify the patients for whom olaparib is
approved, the BRACAnalysis CDx.
Olaparib is the first in a new class of agents that target poly
ADP-ribose polymerase (PARP) proteins, which have a key
role in one of the many pathways that cells use to repair
damaged DNA (see Figure 15, p. 74). Therefore, blocking
PARP proteins with olaparib reduces the ability of a cell to
repair damaged DNA.
BRCA1 and BRCA2 have a role in a second DNA repair
pathway, and many BRCA1 and BRCA2 gene mutations
disable this pathway. Thus, the rationale for testing olaparib
as a potential treatment for women with advanced ovarian
cancer who have inherited a BRCA1 or BRCA2 gene
mutation is that having two DNA repair pathways out of
action may mean that the ovarian cancer cells are unable
to repair DNA damage that accumulates as they multiply
(see Developing Cancer, p. 18), and that the accumulating
damage will ultimately cause the cancer cells to die (see
Figure 15, p. 74).
In fact, blocking PARP with olaparib led to tumor shrinkage
or disappearance in a significant number of women with
advanced ovarian cancer who had an inherited BRCA1 or
BRCA2 gene mutation (107). It is hoped that future studies
will reveal that olaparib also extends survival for women
with advanced ovarian cancer who inherit a BRCA1 or
BRCA2 gene mutation, like Patty Klein (see p. 72).
Keeping Breast Cancer Cells at Bay
Despite major advances made in treating breast cancer,
the disease remains the second-leading cause of cancerrelated death for women in the United States (6). One
recent FDA decision has the potential to power even more
progress against breast cancer because it has provided a new
treatment option for certain patients with the disease.
The majority of breast cancers are characterized by the
presence of proteins called hormone receptors. The
growth of these breast cancers is fueled by hormones,
which attach in a lock-and-key fashion to the hormone
receptors on individual breast cancer cells, stimulating
the cells to multiply and survive. This knowledge led to
the development of therapeutics like tamoxifen, which
blocks the hormone estrogen from attaching to its receptor,
and letrozole, which lowers the level of estrogen in the
body. Therapeutics like these have been used extremely
successfully for decades to treat patients with hormone
receptor–positive breast cancer. However, they have limited
clinical benefit if disease progresses.
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Keeping Ovarian Cancer
at Bay Thanks to a
Clinical Trial
Patty Klein // Age 53 // Coral Gables, Florida
In 2013, when my ovarian cancer recurred for the third time,
I had the option of receiving more chemotherapy or trying
to find a clinical trial. My husband and I did a lot of research
and I was fortunate to get into a clinical trial at the DanaFarber Cancer Institute in Boston under the direction of Dr.
Suzanne Berlin. The drugs I’ve been receiving through the
trial, olaparib [Lynparza] and BKM120, have kept the cancer
at bay for 16 months. I recently passed five years since my
original diagnosis, which I am very thankful about because
60 percent of women who receive a stage 3C ovarian cancer
diagnosis die before reaching this milestone.
In many ways, my journey with cancer began when my
mother was diagnosed with breast cancer at age 40. As a
result, I was always extremely concerned about breast cancer
and had annual mammograms. I even had a biopsy along the
way, but everything always came back negative.
Then, just over five years ago, I gained 10 pounds or so. I
thought it was just natural, middle-age weight gain. But one
day, while I was traveling on business, I suddenly felt pain
in my side that was so bad I immediately went to a local
doctor. He mentioned that it could possibly be hepatitis C
virus, shingles, or gallbladder issues and did an ultrasound.
I sent a copy of the ultrasound to my brother-in-law, who is
a cardiologist in Detroit, and he told me to come to Detroit
right away. On Saturday I had a CT scan, and on Monday I
was diagnosed with ovarian cancer; the pain in my side was
caused by ascites [a buildup of fluid in the abdomen] pressing
against my liver.
After my diagnosis I learned that I have a BRCA1 mutation. I
also learned that being of Jewish Russian heritage increases a
person’s chances of carrying a BRCA mutation and that these
mutations act as a link between breast and ovarian cancers. I
wish I had known all this earlier because I would have been
proactive about monitoring other aspects of my health in
addition to my breast health and maybe I would have been
diagnosed at an earlier stage, when ovarian cancer is more
likely to be treated successfully. On the other hand, learning
this opened doors to clinical trials available only to patients
with BRCA mutations.
About a week after my diagnosis, I had extensive surgery—a
complete hysterectomy [surgical removal of the whole uterus
and cervix], omenectomy [surgical removal of the tissue that
surrounds the stomach and other organs in the abdomen], a
bilateral salpingo-oophorectomy [surgical removal of both
ovaries and fallopian tubes], and tumor debulking [surgical

removal of all tumors larger than 1 cm]. This was followed
by 18 rounds of chemotherapy, including several rounds
of chemotherapy delivered directly into my abdomen.
There were weeks when I would travel to Ann Arbor for
chemotherapy on Monday then fly to Las Vegas or Orlando
to work a full schedule the rest of the week.
By January 2011, I was told there was no evidence of cancer
in my body. Unfortunately, about six months later, my blood
CA-125 levels, which are used to monitor for potential
relapse, were rising and a PET scan showed that the cancer
had reccurred. After another six rounds of chemotherapy
with taxol and carboplatin, I was again told there was no
evidence of disease, but again the cancer returned about six
months later. Another six rounds of chemotherapy with taxol
proved very challenging, but I worked through it all.
When my cancer recurred yet again, in December 2013, I was
offered more chemotherapy. However, my doctor had previously
mentioned that there were clinical trials testing drugs called
PARP inhibitors, which were showing promise for BRCA-mutant
cancers like mine. When I asked him about these he said they were
all full, but I decided to do my own research because it sounded
like a much better option for me than more chemotherapy.
I learned very quickly that you need to meet a lot of eligibility
requirements before you even qualify for a trial and that
understanding all of these is not easy. Then you have to get
into the trial. The two trials that I found that I qualified for
had long waiting lists and only enrolled a small number of
patients each month. Somehow I was fortunate enough to get
a slot in the trial at Dana-Farber and I have received the most
outstanding cancer treatment and care from the staff there.
For the first eight weeks I had to go to Dana-Farber each
week, but now I only go every four weeks. During my visits,
they alternate between testing my blood and performing a
CT scan. I can stay in the trial as long as my tumor does not
grow more than 10 percent above baseline. The fact that I can
take pills every day, which have very limited side effects, is
phenomenal because it allows me to be completely focused on
work, like I’ve always been.
Unfortunately, there is no cure for ovarian cancer and our
only hope of finding a cure is by supporting research and the
great scientists out there who are working toward this goal.
The clinical trial in which Patty is participating was partially
funded by the Stand Up To Cancer Targeting PI3K in Women’s
Cancers Dream Team.
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fact that I can take pills every day, which
“ The
have very limited side effects, is phenomenal

because it allows me to be completely focused
on work, like I’ve always been.

”

Ovarian cancer is the fourth most common cause
of cancer-related death among U.S. women
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In February 2015, the FDA approved the molecularly
targeted therapeutic palbociclib (Ibrance) for use in
combination with letrozole for treating postmenopausal
women with estrogen receptor–positive, HER-2–negative,
advanced breast cancer.
Palbociclib is the first in a new class of agents that block cell
multiplication by inhibiting the function of two proteins
that play a role in driving this natural process—cyclindependent kinase 4 (CDK4) and CDK6 (see Figure 16, p.
78). Its FDA approval was based on early-stage clinical
trial results showing that adding palbociclib to letrozole
significantly increased the time to disease progression
among postmenopausal women with estrogen receptor–
positive, HER-2–negative, advanced breast cancer (108),
and it is hoped that longer follow-up of these patients,
as well as an additional large-scale study that is already
underway, will show that this combination of therapeutics
also extends survival.
With recent early results from a phase III clinical trial
showing that adding palbociclib to another estrogen
receptor–targeted therapeutic, fulvestrant, also increases
the time to disease progression among postmenopausal
women with hormone receptor–positive, HER-2–negative,
advanced breast cancer (109), there will undoubtedly be
many more women like Janet Klein (see p. 76) who will
benefit from palbociclib in the future.
Thwarting the Most Common Form of Skin Cancer
Basal cell carcinoma is the most commonly diagnosed
cancer among people of European ancestry (110, 111).
Most patients are cured with topical therapy, surgery,
radiotherapy, or a combination of these treatments.
However, in a small fraction of patients, the disease
progresses and becomes extremely challenging to treat.
The discovery two decades ago that genetic mutations
leading to overactivation of a signaling pathway, called
the Hedgehog pathway, fuel the growth of nearly all basal
cell carcinomas led researchers to develop therapeutics
that target the Hedgehog pathway (110). The first of these
molecularly targeted therapeutics, vismodegib (Erivedge),
was approved by the FDA for the treatment of locally
advanced or metastatic basal cell carcinoma in January
2012 (84).
A July 2015 decision by the FDA to approve a new
Hedgehog pathway–targeted therapeutic called sonidegib
(Odomzo) provides a new treatment option for patients
with locally advanced basal cell carcinoma that has recurred
following surgery or radiotherapy. The decision was based
on early results from an ongoing clinical trial showing that
more than half of the patients who received sonidegib have
American Association for Cancer Research

had their tumors shrink dramatically (112). It is hoped
that with more time, sonidegib will also prove to increase
survival for patients with this devastating disease.
Blocking the Blood Supply to Tumors
Research has shown that many solid tumors need to
establish their own blood and lymphatic vessel network
to grow and survive. It has also led to the identification of
many molecules that control the growth of the new blood
and lymphatic vessels within a tumor. This combined
knowledge has guided the development of 11 anticancer
therapeutics that specifically block these many molecules
(see Figure 17, see p. 79). These therapeutics are sometimes
referred to as antiangiogenic agents.
Bevacizumab (Avastin) was the first of this growing class
of anticancer therapeutics; it was approved by the FDA for
the treatment of metastatic colorectal cancer in 2004. Since
then, bevacizumab has been approved for the treatment of
a variety of other types of cancer, with the most recent suite
of approvals coming 10 years after the first (see Appendix
Table 1, p. 10). Specifically, the use of bevacizumab in
combination with certain traditional chemotherapeutics
was approved for the treatment of persistent, recurrent,
or metastatic cervical cancer in August 2014, and for the
treatment of platinum-resistant recurrent epithelial ovarian,
fallopian tube, or primary peritoneal cancer in November
2014. The fact that adding bevacizumab to treatment with
traditional chemotherapeutics provided clinical benefit
in phase III clinical trials (113, 114), offers new hope for
patients with these diseases.
The newest member of the class is lenvatinib (Lenvima).
In February 2015, lenvatinib was approved by the FDA
for treating certain patients with thyroid cancer—those
with locally recurrent or metastatic differentiated thyroid
cancer that has progressed despite radioactive iodine
therapy. Differentiated thyroid cancers will account for
about 56,205 thyroid cancers newly diagnosed in the
United States in 2015. Although many patients with this
type of cancer are treated successfully, the 10-year survival
rate for those with disease that is refractory to radioactive
iodine therapy is just 10 percent from when metastases
are detected (115). With results of a phase III clinical trial
showing that lenvatinib was effective for almost 65 percent
of patients (115), this molecularly targeted therapeutic
will undoubtedly transform the lives of many patients with
metastatic differentiated thyroid cancer, like Lori Cuffari
(see p. 80), in the future.
The FDA recently also approved two new uses for another
antiangiogenic agent, ramucirumab (Cyramza). In
December 2014, it was approved for some patients with
the most deadly form of lung cancer, NSCLC, after it was
75

Living a Good Life With
Stage 4 Breast Cancer
Thanks to Palbociclib
Janet Klein // Age 59 // Sherman Oaks, CAlifornia
I was diagnosed with stage 4 recurrent breast cancer
in April 2009. After surgery, I was offered the chance
to participate in a phase I clinical trial testing a new
drug for exactly the type of breast cancer I had—stage
4 estrogen receptor–positive breast cancer. I jumped at
the chance and have been taking palbociclib (Ibrance)
and letrozole ever since. Within nine months of starting
the trial, there was no evidence of cancer in my body.
My quality of life is extraordinary and I continue to do
everything that I want to.
It all started in October 2005, with a phone call from my
gynecologist a day or two after my annual mammogram.
I was always vigilant and made sure to have annual
mammograms because my mother survived breast
cancer twice, the first time 40 years ago. My sister
also survived breast cancer. I had always assumed that
it would eventually be my turn and hoped that the
mammograms would detect it early. I was fortunate; the
diagnosis turned out to be stage 1 estrogen receptor–
positive breast cancer.
Right after my diagnosis, I met with a number of
surgeons to learn about the options for my surgery. I
chose a surgeon at UCLA because she was able to do
reconstruction surgery at the same time as a bilateral
mastectomy [surgery to remove all of both breasts]. I was
back at work just four weeks after surgery, traveling and
living my life.
I then met with an oncologist and started a five-year
course of tamoxifen therapy. I also chose to continue
having yearly mammograms, even though this was not
standard of care at the time, which is lucky because this
is how my recurrence was caught.
About four years after my initial diagnosis, I received a
phone call a day or two after a mammogram to tell me

there was something suspicious. I was told to come back
for another mammogram immediately, which I did.
At that point, it was decided there was no immediate
concern and I was offered a follow-up mammogram in
six months. But I wasn’t satisfied with that and took the
mammogram films to my surgeon who said there was
no need to wait and that I should have a needle biopsy
straight away.
So that is what I did, and sure enough, I had a recurrence
of the breast cancer in the small amount of breast tissue
left after the mastectomy. A PET scan and bone biopsy
revealed that the cancer had metastasized to my left iliac
bone. I had a lumpectomy and bilateral oophorectomy
[surgery to remove both ovaries] before meeting with my
oncologist to plan the next steps in treatment.
The first thing my oncologist told me about was a phase
I clinical trial testing a new drug, palbociclib, together
with letrozole. Once a radiation oncologist had agreed
that it was OK to just watch the bone tumor, I was cleared
to participate in the clinical trial. There has been no sign
of cancer in my body since January 2010, about nine
months after I started on the clinical trial.
I will take letrozole every day and palbociclib on a fourweek cycle for the rest of my life, as long as it keeps
my cancer at bay. Right now, the quality of my life is
extraordinary—if you saw me walking down the street
you would never imagine I was a stage 4 cancer patient.
One of the reasons I choose to talk about my experience
with cancer, rather than keep it private, is because I think
it is critically important for women to know that you can
go through stage 4 breast cancer and come out the other
end. For more than five years there has been no evidence
of my cancer, and all I do is take a pill and live my life.
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of cancer in my body.
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It is estimated that 231,840 U.S. women will be
diagnosed with breast cancer in 2015
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Estimated New Breast Cancer
Cases in 2015
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I started lenvatinib ...
“ …thesince
cancer is no longer visible and

I’m living a normal life, eating what I
want, and looking toward the future.

Rates for new thyroid cancer cases have been
rising in the United States for the past 10 years
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Surviving Hurthle
Cell Cancer Thanks to
Clinical Trials
Lori Cuffari // Age 51 // Millstone Township, New Jersey
I was diagnosed with Hurthle cell cancer, a rare type of
thyroid cancer, in 2008. After surgery, my doctors told me
it was likely that the cancer had spread, and sure enough,
just a few months later, tests showed that it was in my lungs.
Since then, I’ve participated in a number of clinical trials,
most recently a trial testing a drug called lenvatinib. I’m
still taking lenvatinib and I feel great, I’m finally regaining
the weight I lost during earlier treatments, and I’m doing
everything I can to pay it forward—participating in
clinical trials and advocating to increase awareness about
cancer and the importance of cancer research.
My experience with cancer began very suddenly. One
spring day, in 2008, I was sitting at my desk on the phone,
ordering lunch for an upcoming presentation, when I ran
my hand down my neck and felt something. When I looked
in the mirror I couldn’t see anything until I tilted my head
back and all of a sudden I could see a huge lump on the
right side of my neck. I immediately called my primary
care physician and told them I was coming in right away.
The physician told me it was probably just a goiter but sent
me for a fine needle aspiration biopsy anyway. The results
of the biopsy suggested Hurthle cell cancer. I was shocked;
hearing the word “cancer” makes you stop in your tracks,
but I was determined to get through it. In addition to
seeking treatment, I decided to eat even more healthily
and start exercising more; yoga in particular has really
made a difference for me.
As soon as I was diagnosed, my husband and I started
searching for a surgeon. We met with a number of people
before finding someone I really connected with. I had the
right side of my thyroid removed, where the tumor was,
but after they analyzed the tumor and confirmed that it
was Hurthle cell cancer, I had a second surgery nine days
later to remove the left side of my thyroid.
Because the analysis of my tumor had shown extensive
vascular invasion [a large number of blood vessels in the
tumor] I was told that it was very likely to have traveled
to other parts of my body. So my surgeon referred to me
to an endocrinologist at Memorial Sloan Kettering Cancer
Center in New York.

Initially, there was no obvious cancer in my liver, lungs,
or bones [the sites that thyroid cancer most commonly
metastasizes to] so we just watched and waited, which was
very scary to me. But by December 2008, it was clear that
there were tumors in my lungs. My only option was to
consider clinical trials.
Over the next year, I participated in two phase I clinical
trials at Memorial Sloan Kettering Cancer Center. I felt
great and was able to go about my normal life, but the
physicians told me that the cancer was going to keep
creeping up on me and that clinical trials would continue
to be my path.
My husband found a clinical trial at the University of
Pennsylvania that sounded promising, and minutes after
I reached out to them by email, Dr. Brose called and told
me they had solutions for me. I first participated in a trial
testing sorafenib (Nexavar) and then a trial of sorafenib
and everolimus (Afinitor), which benefited me for four
years, although my diet while receiving sorafenib was very
restricted and I hovered between 90 and 100 pounds all
four years.
Then, in June 2014, I stopped taking the drugs because of
low potassium levels. Within a couple of weeks, a tumor
appeared in my ocular muscle. After consulting radiation
and surgery specialists, I had 25 rounds of proton therapy.
This was followed by an excruciating four-month wait to
get a spot on the lenvatinib clinical trial, which Dr. Brose
felt would be best for me. The cancer was becoming visible
on my body and I began to wonder if this could be it. But
since I started lenvatinib, in November 2014, the cancer is
no longer visible and I’m living a normal life, eating what I
want, and looking toward the future.
Down the road I may need other treatment options, but
the cancer research world is doing amazing things and I
know that new treatments will become available. Clinical
trials are essential if these treatments are to become a
reality. I feel an obligation as a cancer patient to participate
in clinical trials; in doing so I am helping make a difference
to the future of cancer care.
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shown to extend overall survival for patients with metastatic
disease in a phase III clinical trial (116). Then, in April
2015, it was approved for use in combination with a suite
of traditional chemotherapeutics referred to as FOLFIRI
(folinic acid, 5-fluorouracil, and irinotecan) to treat
patients with metastatic colorectal cancer. This approval
was based on the results of a phase III clinical trial showing
that adding ramucirumab to FOLFIRI extended overall
survival (117). With ramucirumab having previously been
approved for treating metastatic gastric (stomach) cancer
and gastroesophageal junction adenocarcinoma, these new
approvals both expand the number of patients who may
benefit from ramucirumab and increase the return on prior
investments in biomedical research.
Targeting the Epigenome
Research has shown that cancer cells have numerous
genetic mutations and also profound abnormalities in
the patterns of chemical marks, called epigenetic marks,
on DNA and histones that control gene accessibility (see
Cancer Development: Influences Inside the Cell, p. 20). It has
also led to understanding that epigenetic alterations and
genetic mutations often work together to promote cancer
development. Moreover, after learning that the epigenome is
dynamic and naturally changes over time, researchers began
investigating whether therapeutics that target the proteins
that naturally read, write, and erase epigenetic marks could
reverse cancer-associated epigenetic abnormalities and
provide clinical benefit.
In fact, there are now six FDA-approved anticancer
therapeutics that work by targeting proteins that read,
write, or erase epigenetic marks (see sidebar on Editing

the Epigenome). Most recently, in February 2015, the FDA
approved panobinostat (Farydak) for the treatment of
patients with multiple myeloma who have relapsed despite
prior treatment with at least two standard therapeutics,
including bortezomib and an immunomodulatory agent.
The decision was based on the fact that panobinostat
increased the average time before disease progressed for
patients enrolled in a phase III clinical trial (118).

Treatment With Immunotherapeutics
Since the first AACR Cancer Progress Report was published
in 2011, immunotherapy has emerged as one of the most
exciting new approaches to cancer treatment that has ever
entered the clinic. This is because the number of patients
who have benefited from these revolutionary anticancer
treatments rose dramatically during this period. As a
result of the remarkable patient responses, the number of
immunotherapeutics approved by the FDA has also risen,
with four being approved in the past year alone, from
Aug. 1, 2014, to July 31, 2015.
Cancer immunotherapy refers to agents that can unleash
the power of a patient’s immune system to fight cancer the
way it fights pathogens. Not all immunotherapeutics work
in the same way (see sidebar on How Immunotherapeutics
Work, p. 83).
Given that our scientific understanding of the
immune system and how it interacts with cancer
cells is rapidly increasing, we can expect to soon see
novel immunotherapeutics as well as new ways to
use those that we already have. With many current
immunotherapeutics yielding remarkable and durable
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responses for some patients, and new agents and
treatment strategies on the horizon, immunotherapy
holds extraordinary promise for the future—potentially
even cures for some patients.
Releasing the Brakes on the Immune System
Through research we have learned that immune cells called
T cells are naturally capable of destroying cancer cells. We
have also learned that some tumors evade destruction by
T cells because they have high levels of proteins that can
trigger the brakes on T cells, stopping them from attacking
the cancer cells, and that these tumor proteins work by
attaching to complementary proteins, called immune
checkpoint proteins, on the surface of T cells.
This knowledge has led researchers to develop
immunotherapeutics, called checkpoint inhibitors,
which prevent tumor proteins from attaching to immune
checkpoint proteins, thereby releasing the brakes on
T cells. The first immune-checkpoint inhibitor to be
developed was ipilimumab (Yervoy). It was approved by
the FDA in 2011 for the treatment of metastatic melanoma
after it was shown to be the first treatment ever to extend
overall survival for patients with this deadly disease (119).
Long-term follow-up has shown that about one in every
five patients treated with ipilimumab survives for more
than three years and that the risk of death from melanoma
for these patients is very low (120).

9,940
U.S. deaths
and

60,098

worldwide deaths
are anticipated to be attributable
to melanoma in 2015.

Motivated by the success of ipilimumab, which has saved
the lives of many patients with metastatic melanoma,
like Andrew Messinger (who was featured in the AACR
Cancer Progress Report 2013; see Ref. 28), and the need to
provide new treatment options for patients who do not
respond long-term to ipilimumab, researchers focused on
targeting a second checkpoint protein, called PD-1, as well
as one of the proteins that attaches to PD-1, PD-L1. As a
result of three recent FDA decisions, two of these novel

immunotherapeutics are now treatment options for some
patients with melanoma, and one is a treatment option for
some patients with lung cancer.
The first two decisions, both in the second half of 2014,
were the approvals of the PD-1 checkpoint inhibitors
pembrolizumab (Keytruda) and nivolumab (Opdivo) for
the treatment of metastatic melanoma that has progressed
despite treatment with ipilimumab. These approvals were
the result of clinical trials showing that pembrolizumab and
nivolumab benefited more than 25 percent of patients (121,
122). Subsequent studies showed that many patients with
ipilimumab-refractory metastatic melanoma, like Richard
Murphy (who was featured in the AACR Cancer Progress
Report 2014; see Ref. 1), continued to benefit from these
immunotherapeutics more than one year after starting
treatment (123, 124).
More recently, results from two phase III clinical trials—
one comparing pembrolizumab with ipilimumab and one
comparing nivolumab with ipilimumab—showed that
pembrolizumab and nivolumab were both more effective
than ipilimumab for patients with metastatic melanoma
that had not been treated previously with a checkpoint
inhibitor (125, 126). This suggests that pembrolizumab
and nivolumab might soon be approved not only for
patients whose metastatic melanoma has progressed after
ipilimumab treatment, but also for those who have not yet
received ipilimumab, and the FDA recently granted this
use of nivolumab priority review (see sidebar on FDA’s
Expedited Review Strategies, p. 60).
The third FDA decision, in March 2015, was the approval
of nivolumab for treating a certain group of patients with
metastatic non-small cell lung cancer (NSCLC ) that has
progressed despite treatment with a traditional platinumbased chemotherapeutic. Specifically, it was approved for
those patients with the squamous cell type of NSCLC,
which accounts for about 25 to 30 percent of all lung
cancers diagnosed in the United States, after it was shown
in a phase III clinical trial to extend overall survival for
patients with this deadly disease (127).
Recently, nivolumab was shown to benefit not only patients
with squamous NSCLC, but also those with the more
common nonsquamous NSCLC like Donna Fernandez (see
p. 86) (128). Pembrolizumab and an immunotherapeutic
that targets PD-L1—atezolizumab (previously known as
MPDL3280A)—have also been shown to benefit patients
with both types of NSCLC (129, 130), and the FDA has
granted both of these agents breakthrough designation for
the treatment of NSCLC. Thus, it is likely that we will hear
more about targeting PD-1 and PD-L1 as a treatment for
NSCLC in the very near future.
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is the leading cause of cancer-related death in the United States and worldwide.
158,040

1,732,185

deaths are anticipated to be attributable to the disease in 2015.
Beyond melanoma and NSCLC, pembrolizumab,
nivolumab, and atezolizumab are being tested in clinical
trials as a potential treatment for many other types of
cancer. Results are available for only some of them. For
example, clinical trial results show one or more of these
PD-1/PD-L1–targeted immunotherapeutics benefit some
patients with bladder cancer (131, 132), gastric (stomach)
cancer (133), head and neck cancer (134), Hodgkin
lymphoma (135), and renal cell carcinoma (136). Although
many of the results are preliminary, results for nivolumab
as a potential treatment for Hodgkin lymphoma and for
atezolizumab as a potential treatment for bladder cancer
are sufficiently promising that the FDA has granted them
breakthrough therapy designations.
Despite the spectacular successes, treatment with ipilimumab
and PD-1/PD-L1–targeted immunotherapeutics does not
yield remarkable and long-term responses for all patients. In
an effort to increase the number of patients who may benefit
from these immunotherapeutics, researchers are testing
combinations of checkpoint inhibitors and combinations
of immunotherapeutics that work in different ways. In fact,
treatment of metastatic melanoma with a combination
of ipilimumab and nivolumab is currently under priority
review at the FDA (see sidebar on FDA’s Expedited Review
Strategies, p. 60) after it was shown to benefit significantly
more patients than ipilimumab alone (137).
In addition, recent research suggests that traditional
chemotherapeutics and certain forms of radiotherapy may
themselves be immunostimulatory. Therefore, researchers
are investigating whether the utility of immune-checkpoint
inhibitors can be expanded by combining members of this
burgeoning class of immunotherapeutics with traditional
chemotherapeutics and radiotherapy.
American Association for Cancer Research

Boosting the Killing Power of the Immune System
Another approach to cancer immunotherapy is to enhance
the ability of T cells to eliminate cancer cells. If we think
of checkpoint inhibitors as releasing the brakes on the
immune system, these immunotherapeutics step on the
accelerator, and they work in several ways (see sidebar
on How Immunotherapeutics Work, p. 83). These cancer
treatments are showing great promise for improved patient
care; however, all the breakthroughs discussed here are still
in clinical development and have not yet been approved by
the FDA.
One way to boost the killing power of the immune system
is through adoptive T-cell therapy. During this complex
medical procedure, T cells are harvested from a patient,
expanded in number and/or genetically modified in the
laboratory, and then returned to the patient, where they
attack and potentially eliminate the cancer cells (see sidebar
on Types of Adoptive T-Cell Therapies, p. 88).
CAR T–cell therapy is a form of adoptive T-cell therapy that
has been particularly successful for adults and children with
acute lymphoblastic leukemia (ALL) that has progressed
despite several other forms of treatment. In fact, recent
reports indicate that about 90 percent of patients with
relapsed ALL who receive CAR T–cell therapy experience
complete remissions (138, 139). Even though only some
patients have remained in remission long term, these
results provide hope for a group of patients who have few
treatment options, and the FDA has granted two CAR T–
cell therapies, CTL019 and JCAR015, breakthrough therapy
designation for the treatment of ALL.
Motivated by the success of CAR T–cell therapy as a
treatment for ALL, researchers are working to develop CAR
85

Surviving Lung
Cancer Thanks To
Immunotherapy
Donna Fernandez // Age 61 // Rowlett, TeXas
I was diagnosed with stage 4 nonsquamous non–small cell
lung cancer in 2012. Chemotherapy made me really sick
and nobody expected me to be alive today, much less still
doing well. But I’m receiving an immunotherapy called
nivolumab (Opdivo) through a clinical trial and it has
given me my life back. I feel great and I’m rarely at home
because I have a very full calendar that keeps me out and
about doing things that I think are fun.
My journey with cancer began when I went to a primary
care physician for the first time in 10 years at the end of
October in 2012. I had always been skinny, so after putting
on a lot of weight I thought I had a thyroid problem and
decided to make an appointment.
During the exam, the doctor felt a knot on my collarbone
and ordered a CT scan. The scan results showed that I
didn’t have a thyroid problem but there were some “funny
cells” that needed checking out with a PET scan.
I didn’t think to ask what a PET scan was but I read on the
internet later that it is often used to detect cancer. Even
though I had had an inkling I might have cancer, I still
cried a few tears when the doctor called to tell me that
the PET scan showed I had stage 4 lung cancer. I had
been hoping that it was going be anything but lung cancer
because my experience with the disease had not been
good. My dad had died of lung cancer at age 49.
Even though the primary care physician was not a doctor
I knew before this journey began, she took me and my
husband under her wing and really guided us through the
whole process. I call her my angel doctor. When she called
to tell me that I had lung cancer, she had already set up
an appointment for me the next day with an oncologist
and we went back to visit her after each oncologist
appointment. When we told her that the oncologist had
arranged for a biopsy appointment several weeks after we
saw him, she got on the phone and had the appointment
moved to that very day.

The biopsy showed that I had nonsquamous non–small
cell lung cancer, and I immediately started on a cocktail
of chemotherapy—carboplatin, pemetrexed (Alimta), and
bevacizumab (Avastin). The tumors did respond to the
chemotherapy, but the treatment also made me really sick.
During my chemotherapy it was difficult for me to walk
from my living room to my kitchen. Eventually my body
couldn’t handle it anymore and the oncologist switched
me to a maintenance therapy.
But that still made me sick, so after about eight weeks I
stopped all treatments and the tumors began to grow
immediately. At that point, my oncologist told me I had
two options. One was chemotherapy that he said usually
didn’t work as well as the chemotherapy I had already
received and had worse side effects. The other was a
clinical trial. I thought for about one minute and I chose
the clinical trial.
I began the clinical trial in July 2013, at The University
of Texas Southwestern Medical Center, and I’m still on
it. I’ve had a really excellent response to nivolumab. My
tumors haven’t gone away, but they haven’t changed
since I started nivolumab, they just sit there. Sometimes
the radiologist who reads the CT scans I have every six
weeks calls them scars, although my oncologist doesn’t
agree with that.
Nivolumab has been a miracle drug for me, especially
compared with chemotherapy. The only side effect I have,
ironically, is that my thyroid stopped working so I have
to take a pill for that every day. I live my life like I did
before my diagnosis, I run drills with my dogs several days
a week, and I barely realize that I’m being treated for lung
cancer anymore.
I’ve heard that adult participation in clinical trials is
extremely low, but I tell anybody who will listen that being
in a clinical trial has saved my life.
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T cells that will target other types of cancer, including some
types of non-Hodgkin lymphoma, multiple myeloma, and
some solid tumors (140, 141). This research is in the very
early stages, but there are promising signs that CAR T–cell
therapies will emerge as a viable treatment option in the
future for patients with a variety of cancer types.
Another way to boost the killing power of the immune
system is with therapeutic cancer vaccines. These
immunotherapeutics train a patient’s T cells, while they
are inside the patient’s body, to recognize and destroy the
patient’s cancer cells. One therapeutic cancer vaccine,
sipuleucel-T (Provenge), has been available since 2011 for
the treatment of some patients with prostate cancer, but
there are many therapeutic cancer vaccines now being
tested in clinical trials, although results are not currently
available for most of these vaccines.
One clinical trial that has recently reported results found
that a combination of two therapeutic cancer vaccines,
CRS-207 and GVAX Pancreas, extended survival for
patients with advanced pancreatic cancer (142), and this
combination of immunotherapeutics has been granted
breakthrough therapy designation by the FDA for the
treatment of this deadly condition.

2%

of patients with advanced
pancreatic cancer survive
five years after diagnosis (6).

Directing the Immune System to Cancer Cells
An immune cell must find a cancer cell before it can destroy
it. Many therapeutic antibodies that have been approved by
the FDA for the treatment of various types of cancer (see
Appendix Table 1, p. 122) work, at least in part, by helping
immune cells find cancer cells. The most recent therapeutic
antibody to be added to this group of immunotherapeutics
is dinutuximab (Unituxin), which works by attaching to a
protein, GD2, on neuroblastoma cells and flagging them
for immune cells, which upon attaching to another part of
dinutuximab are triggered to destroy the neuroblastoma cells.
Dinutuximab, which was previously called ch14.18, was
approved by the FDA in March 2015 for treating children
with high-risk neuroblastoma that has progressed after
responding to prior treatments. The approval was based
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Therapeutic
antibodies
are proteins that have a
therapeutic effect when they
attach to a specific molecule in
the body. They are effective in the
treatment of numerous cancer
types and function in several
different ways.

on clinical trial results showing that adding dinutuximab
and two immune system–boosting agents—granulocytemacrophage colony-stimulating factor and interleukin-2
(see sidebar on How Immunotherapeutics Work, p. 83)—to
standard 13-cis-retinoic acid (RA) treatment significantly
extended overall survival (143).

Neuroblastoma
About 710 U.S. children are
diagnosed with neuroblastoma
each year, making it the third most
common childhood cancer (144).
About half of neuroblastoma
cases are classified as
high-risk disease (143).
Among children with high-risk
neuroblastoma, the five-year
survival rate is about 40 - 50%,
even with aggressive therapy.
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Children like Elizabeth Buell-Fleming (see p. 90) have
benefited from dinutuximab; however, treatment with this
immunotherapeutic is associated with significant toxicities.
These toxicities can be so severe that some children do not
complete the course of treatment. Consequently, researchers
are looking to identify ways to pinpoint more precisely
those children most likely to benefit from dinutuximab, so
that those unlikely to respond can be spared the potential
adverse effects of this treatment.
Because of the effectiveness and promise of antibody-based
immunotherapeutics, many researchers have been working
to develop both new as well as improved versions of this
important class of anticancer therapeutics.
One such therapeutic is the first of a new class of antibodybased immunotherapeutics called bispecific T cell–engager
(BiTE) antibodies, blinatumomab (Blincyto) was approved
by the FDA in December 2014 for treating certain patients
with a type of ALL called B-cell ALL.
BiTE antibodies function as a connector, bringing T cells
into close proximity with cancer cells, which are then
eliminated by the T cells. Blinatumomab attaches to a
molecule called CD3 on T cells and to CD19, a molecule
found on the surface of most B-cell ALL cells. By attaching
to these molecules on the different cells, blinatumomab
brings the two cell types together, directing the T cells to
home in on the B-cell ALL cells.
The approval of blinatumomab for treating adults who
have precursor B-cell ALL that has progressed despite a
prior form of treatment and that has a molecular profile
characteristic of poor outcomes (it lacks the Philadelphia
chromosome) was based on results from a clinical trial
showing that the novel immunotherapeutic was effective
in more than 30 percent of patients (145). Historically,
precursor B-cell ALL that has progressed following initial
treatment has been extremely challenging to treat. In fact,
even with intensive therapy, the median survival is between
three and six months. Thus, the approval of blinatumomab
provides patients like Sergio Ramirez (see p. 92) with new
treatment options and new hope.

Living With or Beyond Cancer
Research is powering advances in cancer detection, diagnosis,
and treatment that are helping more and more people to
survive longer and lead fuller lives after a cancer diagnosis.
According to the latest estimates, almost 14.5 million U.S.
residents with a history of cancer were alive on Jan. 1, 2014,
compared with just 3 million in 1971, and this number is
projected to rise to 19 million on Jan. 1, 2024 (3, 5). About 3
percent of these individuals, including Jay Steiner (see p. 96),
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Enjoying a Normal
Childhood Thanks to
Dinutuximab
Elizabeth Buell-Fleming // Age 11 // Wilmington, DelAware
A message from Martha Buell and Boyd Fleming,
Elizabeth’s parents:
Our daughter Elizabeth was diagnosed with high-risk
neuroblastoma when she was just 2 years old. After an
aggressive chemotherapy regime and an autologous bone
marrow transplant, the cancer was found in her bone
marrow. This made her ineligible for the clinical trial we had
just enrolled her in, which was testing a groundbreaking
immunotherapy called ch14.18. But her oncologists at
Children’s Hospital of Philadelphia [CHOP] went to bat for
her and she received the treatment through compassionate
release. It is now six-and-a-half years since she finished
treatment and there is no doubt in our minds that she is
alive today, living the life of a normal 11-year old, because
of ch14.18 [now dinutuximab (Unituxin)] and the research
that led to it.
Elizabeth’s diagnosis came the day after Christmas in 2006. We
had taken her to the pediatrician on Christmas Eve because
she had a cold and we wanted her checked before the holidays.
The pediatrician felt something unusual in her abdomen and
recommended that we take Elizabeth for an ultrasound at
Alfred I. duPont Hospital for Children. On the pediatrician’s
advice we went that very day. We could see on the ultrasound
something the size of a grapefruit. But even though we asked,
“What is that?” the technician couldn’t tell us. We had to wait to
find out until the doctor called.
When he called, the day after Christmas, he said, “Elizabeth has
a mass on her kidney and you have to come to the emergency
room now.” We had no idea what was going on. It still didn’t
sink in when, after a number of tests, we were sent up to the
Hematology and Oncology floor. It wasn’t until we were there
that we heard the word “cancer.” It was crazy, everything had
seemed normal up until that phone call and here we were, new
members of a club that no one wants to be in.
A scan revealed that Elizabeth had neuroblastoma. During
surgery, right after New Year’s Day, the surgeons removed the
whole tumor. But because one of the four lymph nodes that they
removed showed signs of cancer, the diagnosis was stage 2b.
Further analysis of the tumor showed amplification of the MYC
oncogene, which meant that Elizabeth had high-risk disease.

We took her to CHOP to get a second opinion on the best
course of treatment. The oncologists there recommended
following their new treatment protocol for high-risk
neuroblastoma. Elizabeth had six rounds of induction
chemotherapy, a stem cell transplant, a course of high-dose
cis-retinoic acid, and radiation therapy directed toward the
site of the tumor.
At that point, we began considering clinical trials because we
knew that being in a clinical trial was a good idea; you get
better monitoring and the outcomes are often better. We chose
to sign Elizabeth up for a trial that was just starting at Alfred I.
duPont Hospital for Children, testing whether treating with a
monoclonal antibody treatment called ch14.18 at the end of the
standard high-risk neuroblastoma treatment protocol would
improve outcomes.
To be eligible for the trial, Elizabeth had to have no evidence
of cancer in her body. To check this, she had a series of tests,
including an MIBG scan and bone marrow biopsy. We were
devastated when the results showed that there was cancer in
Elizabeth’s bone marrow. Not only had the cancer appeared in
a place where it had not been before, which meant her chance
of survival had gone down dramatically, but now she would
no longer be part of the clinical trial. We feared the worst.
But Elizabeth’s doctors at CHOP advocated for her to receive
the monoclonal antibody through compassionate use, and we
are so thankful to them for that. Elizabeth was the first patient
who was not part of the clinical trial to receive ch14.18, and we
absolutely believe that without it she would not be alive today.
Although the ch14.18 treatments were painful, Elizabeth was
lucky—she did not experience the excruciating pain that some
other children do, and she was able to complete the full course.
There has been no evidence of the disease since Elizabeth
finished treatment in January 2010. She is now monitored just
once a year for any late effects of the treatments she received.
At this point, Elizabeth has experienced no long-term
problems and we are so grateful that cancer research made
ch14.18 available just when Elizabeth needed it. We were on
the edge of a cliff and there will never be enough words to
express the feeling that we felt when we were pulled back from
the edge.
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Neuroblastoma is the third most common
cancer diagnosed in U.S. children ages 0–15
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Beating Acute
Lymphoblastic Leukemia
Thanks to Research
Sergio Ramirez // Age 33 // Los Angeles, California
When I was diagnosed with acute lymphoblastic leukemia
(ALL) in 2009, I was terrified. I had just turned 27, I had
three beautiful boys, a beautiful wife, a job that I loved,
and to us, the word “cancer” was a death sentence because
we knew nothing about the disease. Participating in a
clinical trial testing the drug blinatumomab saved my life.
In 30 days blinatumomab did what years of chemotherapy
couldn’t: it put me in remission, allowing me to have a
stem cell transplant. I am now recuperating and hope to
go back to work in the future.

was still there. In fact, 82 percent of the cells in the biopsy
were leukemia cells, which meant that the chemotherapy
wasn’t doing anything to the leukemia anymore.

My journey with cancer began just after we returned from
a family vacation in Central America. All my family and
friends were telling me I was very pale, but I felt fine so I
didn’t listen to them or worry. Then, on my 27th birthday,
we went to the park to play football with the kids. As soon
as I started going for the ball my head started spinning,
I got really dizzy. Realizing that something was wrong, I
went to my physician the next day.

I was also terrified when I learned that I was just the 104th
person to receive blinatumomab. I had imagined that
there would be thousands of other people in the clinical
trial, and to learn that I was just the 104th was scary. But
being in the trial saved my life.

I told my physician all my symptoms and how everyone
had been telling me I didn’t have any color and he said
to me, “Sure, you look as white as a sheet of paper.” He
immediately ordered some blood tests, and they showed
that my hemoglobin levels were half what they should have
been. After some more tests I received the diagnosis of ALL.
My treatment started immediately. It was a threeyear treatment plan. The first year was very intensive
chemotherapy and I practically lived in the hospital. I
found this really hard; I couldn’t work, couldn’t go outside
and play with my kids. It made me feel like a bird that had
been caught and trapped in a cage, but my faith and my
family helped me through.
Then came two years of less-intensive chemotherapy.
At the end of the three years I was really happy when I
learned that the leukemia was in remission. But it didn’t
last long. After 6 months the leukemia came back and
it was more aggressive than ever. I immediately started
even stronger chemotherapy than before, but after about
a month, a bone marrow biopsy showed that the leukemia

At that point, my doctor told me I had about a 15 percent
chance of survival and that my only option was a clinical
trial testing blinatumomab. To be in the trial, I had to be
treated at City of Hope, and when I first went there I was
terrified. Up to then, I had been treated at a small hospital.
City of Hope was huge, it was like a small city, but everyone
there did an amazing job.

The trial lasted only 30 days. I was admitted to the hospital
for the first two weeks and then able to go home and spend
time with my family, which was huge for me. The only
thing was that I had a little pouch that let the medicine
run 24 hours a day and I had to go back every two days to
have the pouch changed.
After the 30 days, I had a bone marrow biopsy. It took a
week to get the results and I was really anxious, I couldn’t
sleep, I felt that it was my last chance to survive. But as
soon as I saw the doctor I knew the results were good
because he had a big smile on his face. Learning that there
was no sign of leukemia was one of the happiest days of
my life. It gave me new hope.
I did another 30 days of blinatumomab and then the focus
turned to a stem cell transplant. I was lucky that they found
three potential donors so that there was no wait involved.
I was in the hospital for 42 days for the transplant and it
was tough, but my family was there for me 24 hours a day.
I am now happier than ever before. I appreciate waking up
in the morning, hugging my kids, and playing sports with
my kids. The whole experience was very tough on them,
especially the eldest, but research saved my life and my
kids know that Daddy’s back.
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More than 90%
of U.S. children and adolescents
diagnosed with cancer are
treated within the
Children’s Oncology Group,
part of the NCI clinical trials network.

received their cancer diagnosis as a child or adolescent (ages
0–19) (144) (see sidebar on Surviving a Cancer Diagnosis as a
Child or Adolescent, p. 94).
Every cancer survivor has a unique experience and outlook,
which can range from successful treatment and living cancer
free for the remainder of his or her life to living continuously
with cancer for the remainder of life. Therefore, not all
people who receive a cancer diagnosis identify with the now
commonly used term “cancer survivor.”
Cancer survivorship encompasses three distinct phases:
the time from diagnosis to the end of initial treatment,
the transition from treatment to extended survival, and
long-term survival. Recent progress in treating cancer was
discussed in the previous two sections of the report (see
Treatment With Molecularly Targeted Therapeutics, p. 63,
and Treatment With Immunotherapeutics, p. 82). Here,
the discussion focuses on recent advances that can help
improve outcomes and quality of life for individuals in each
distinct phase of cancer survivorship and highlights some of
the challenges they continue to face.
Each phase of cancer survivorship can be challenging
for different reasons (see sidebar on Life After a Cancer
Diagnosis in the United States, p. 98). Moreover, the issues
facing each cancer survivor are unique and depend on
many factors, including gender, age at diagnosis, type of

cancer diagnosed, general health at diagnosis, and type
of treatment received. Importantly, it is not just cancer
survivors who are affected after a cancer diagnosis, but
also their caregivers. In fact, research has shown that
caregivers are at risk for poor health outcomes, with one
recent study finding that the health and well-being of cancer
survivors can be affected by the mood and quality of life of
their spouses, who are often the primary caregivers (148).
As such, incorporating caregiver care into survivorship
programs may improve outcomes and quality of life for
cancer survivors.
Molecularly Targeting a Side Effect of Advanced Cancer
One side effect of cancer experienced at some point during
the course of their disease by up to 30 percent of individuals
who receive a cancer diagnosis is hypercalcemia of malignancy
(149). Hypercalcemia, or elevated levels of calcium in the
blood, is particularly common among patients with advanced
cancer and indicates a particularly poor outlook. If left
untreated, hypercalcemia of malignancy leads to kidney failure,
progressive mental impairment, coma, and ultimately death.
The discovery that hypercalcemia of malignancy is often
caused by cancer-driven release of calcium from bone led
researchers to test whether the condition could be treated
using the therapeutic antibody denosumab (Xgeva), which
targets a protein called RANKL on certain bone cells,
ultimately causing a decrease in calcium release. After
clinical trials showed that denosumab rapidly lowered blood
calcium levels in more than half of patients and that the
response lasted about 3.5 months (150), in December 2014
the FDA approved the molecularly targeted therapeutic for
the treatment of hypercalcemia of malignancy that is not
responding to standard treatments.
As a result of the effects of denosumab on bone, the
molecularly targeted therapeutic had previously been
approved for treating postmenopausal women with
osteoporosis who are at high risk for fractured bones and
individuals with giant cell tumor of bone, as well as for
the prevention of fractures caused by cancer metastases to
the bone. Thus, the FDA approval of denosumab for the

Jay Steiner, 40-Year Childhood Cancer Survivor and
Past Caregiver for His Soul Mate

a caregiver, it’s important to take care of yourself. It might
“ Assound
selfish, but taking care of yourself will enable you to
be a better person and, in turn, be there for your loved one.
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I like to think there was no turning back
“when
I was declared cancer-free at age 11,
but that’s not really true—my experience
made me the person that I am today.

The five-year survival rate for childhood
acute lymphoblastic leukemia is now 90 percent
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40-Year Childhood
Cancer Survivor and Past
Caregiver For His Soul mate
Jay Steiner // Age 45 // Fort Collins, COlorado
I am a long-term survivor of childhood acute lymphoblastic
leukemia (ALL). I like to think there was no turning back
when I was declared cancer-free at age 11, but that’s not
really true—my experience made me the person that I am
today. I learned not to sweat the small stuff, and striking a
balance in life is really important to me. My number-one
priority is to be a good father for my children, but I’m also
very driven professionally and I love to play, travel, and go
on adventures.
I was 5 years old, living a normal childhood, having lots
of fun, when I was diagnosed with ALL. I don’t remember
much about my diagnosis because I was so young, but I
do recall my parents taking me to the doctor after I had an
accident, just your typical childhood fall in which I hurt
my leg, and my parents telling the doctor I also didn’t seem
to possess the same amount of energy that I had had in the
past. They ran some tests and ultimately I was diagnosed
with ALL.
I really didn’t understand what was happening to me,
but I did know that it was a serious situation because
of the ways my parents were reacting. It was doom and
gloom—at that time, in the mid-1970s, survival rates for
childhood ALL were much lower than they are today. I
also remember my parents telling me that if they could
trade places with me they would, in a heartbeat. I never
doubted that commitment. So, even though my cancer
diagnosis was an unfortunate thing, it made our already
close family even closer.
At the time, we lived in Wichita, Kansas, but I was referred
to The University of Texas MD Anderson Cancer Center
in Houston, and so my parents decided to relocate the
family to Houston on a permanent basis. From the
ages of 5 to 8, I had lots of chemotherapy and radiation
treatments. Initially I was treated in the hospital. Then,
after about a month, I was treated as an outpatient. At first
I was going in a couple times a week, and then it became
once a week, and then there was more and more time in
between sessions. I remember dreading the appointments,
but we would celebrate afterward.
After my treatment ended, at age 8, a bone marrow biopsy
showed no cancer, but it wasn’t until I was 11 that I was

officially declared cancer free. At that point, I made up for
time I’d lost to my treatments. I recall playing tag, baseball,
or basketball outside with my friends until it was too dark
to see, and even to this day, I feel that I’m a big kid who
loves to play as an adult.
I’ve had no long-term health consequences as a result of
my journey with cancer, but my experience really made
me appreciate life. It’s so easy to get caught up with life’s
frustrations and daily responsibilities, but I try to take
the time to stop and smell the roses. My experience also
made me want to give back, and I feel an important
responsibility as a survivor is being there for others facing
their own battle.
It is so challenging to watch someone you love go
through a journey with cancer. Sometimes you don’t
feel there is anything you can do to make a difference,
but there always is. Sometimes it’s as simple as holding
their hand as you sit in silence, just being there for them.
But as a caregiver, it’s important to take care of yourself.
It might sound selfish, but taking care of yourself will
enable you to be a better person and, in turn, be there
for your loved one.
I say this not as a cancer survivor, but as a husband of
a wife diagnosed with breast cancer at age 37. My wife
Monica’s journey was a difficult one for our whole family;
our kids were just 3 and 5 when she was diagnosed. I was
proud to be right there at her side throughout her journey.
We never gave up hope, but as her time was approaching,
it was very difficult. I had to tell our kids that today was
the day they were going to lose their mom. It had a huge
impact on my life, but I’m thankful for everything, for
every moment, that we had.
I am also extremely thankful for all the clinical trials that
were available to Monica during her journey; without
them I feel cancer would have taken her much sooner.
That’s why funding cancer research and clinical trials is
so important. I don’t want anyone else’s children to have
to grow up without a mom or a dad and other adults to
have to face the rest of their life without their soul mate
at their side.

©2015 Nick Teti
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treatment of hypercalcemia of malignancy not only benefits
patients with this lethal condition, but also increases the
return on prior investments in biomedical research.

further advances are made will be accelerated by
enhanced patient engagement throughout the continuum
of research and care.

Modifying Behaviors to Improve Outcomes
Major concerns for all cancer survivors who successfully
complete their initial treatment include whether their
cancers will return or cause their death and whether
their cancers and/or cancer treatment will diminish their
quality of life. Many factors related to lifestyle that increase
a person’s risk of developing cancer can also increase risk
of cancer recurrence, reduce survival time, and negatively
affect quality of life for cancer survivors (see Figure 8, p.
34). Thus, modifying behaviors to eliminate or avoid these
risk factors can improve outcomes and quality of life for
cancer survivors.

The phase of the biomedical research cycle in which patient
engagement is highest is clinical trials. In addition to direct
measurements of patient status, a growing number of trials
also include a patient-reported outcome endpoint. Patientreported outcomes are reports of the status of a patient’s
health condition directly from the patient. Such reports
are valuable not only to the treating physicians, but also
to regulators and drug developers. The importance of this
aspect of clinical trials is increasingly being recognized as
integral to the success of a clinical trial, and in November
2011, the FDA approval of (Jakafi) ruxolitinib for the
treatment of myelofibrosis was based in part on patient
reports of the positive impact of the molecularly targeted
therapeutic on their symptoms (160).

For example, research shows that quitting smoking can
improve outcomes for cancer survivors; it reduces risk of
death from cancer and it also reduces risk for developing
a second cancer (36). Even in the face of this knowledge,
a recent study found that 9 percent of cancer survivors
continued to smoke (151). Therefore, enhanced provision
of cessation assistance to all patients with cancer who use
tobacco or who have recently quit, and further research to
improve our understanding of how best to help individuals
quit smoking is urgently needed (152).

Improved implementation of patient-reported outcomes
into all phases of care of cancer survivors is essential if
we are to gain a more complete picture of the safety and
efficacy of newly approved anticancer therapeutics (see
Increasing Patient Participation in Precision Medicine
Initiatives, p. 106).

Evidence is also beginning to emerge that obesity can
increase risk of cancer recurrence among survivors of
several types of cancer including breast, colorectal, prostate,
and urothelial bladder cancers (153-156), whereas regular
aerobic exercise can reduce recurrence and mortality in
survivors of early breast, prostate, and colorectal cancers
(157). More recently, results from a clinical trial show
that breast cancer survivors who participated in a weight
training program had increased muscle strength and
experienced less deterioration of physical function (158,
159). This is important because deterioration of physical
function and loss of muscle strength have been linked to
increased risk for bone fractures and other health issues that
limit quality of life.
Unfortunately, modifying behavior can be as difficult for
cancer survivors as it is for otherwise healthy individuals,
and more research is needed to understand how best to help
cancer survivors improve their chances of good outcomes.
The Importance of Patient-reported Outcomes
As researchers are learning more about the biology of
cancer and translating this knowledge into new and
improved ways to prevent, detect, and treat cancer, it
is becoming increasingly clear that the pace at which
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What Progress and Promise Does the Future Hold?

What Progress and Promise
Does the Future Hold?
I n t h i s s e c t i o n y o u w i ll l e a r n :

• Research, in particular cancer
genomics research, will continue
to revolutionize precision medicine,
including expanding the more precise
use of existing therapies.
• Liquid biopsies hold great promise for
cancer detection, monitoring patient

Research has powered spectacular advances against cancer,
and many more people are living longer and leading fuller
lives after a cancer diagnosis than ever before. Even with
this progress, it is estimated that in 2015 alone more than
1.65 million U.S. residents will receive a cancer diagnosis
and more than 589,000 will die from the disease (6).
Worldwide, it is predicted that in 2015 there will be 15.2
million new cases of cancer and 8.9 million deaths from
this insidious disease (7). Given this enormous burden of
cancer, it is clear that more research is required if we are to
make future lifesaving progress.
Many researchers, however, including AACR President
(2015–2016) José Baselga, MD, PhD (see p. 102), think that

the best is yet to come, as the explosion of new knowledge
about cancer and the exciting technological advances, along
with our ever-increasing understanding of how to apply
them, will further revolutionize cancer care.
Research in cancer genomics and its application in the
clinic are the foundation of precision medicine. Cancer
genomics research has dramatically increased the number
of known cancer-associated genomic alterations and has
thereby yielded an explosion of potential targets for the
development of novel precision anticancer therapeutics. The
pace of this progress is expected to not only continue, but
also accelerate in the coming years, and it will be essential
to engage computational biology and bioinformatics
researchers more fully if we are to efficiently analyze
the information and identify the targets with the most
therapeutic potential (see Going Big, p. 30).

status, predicting patient outcomes,
and changing therapeutic strategies
in real time.
• Research advances may eventually
enable the development of precision
medicines for all potential
therapeutic targets.

Computational
biology

is the development and application
of data-analytical and theoretical
methods, mathematical modeling,
and computational simulation
techniques to the study of
biological, behavioral, and
social systems.

Bioinformatics

is the research, development, or
application of computational tools
and approaches for expanding the
use of biological, medical,
behavioral, or health data,
including those to acquire, store,
organize, archive, analyze, or
visualize such data.
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In addition to identifying new potential therapeutic targets,
cancer genomics research may help identify markers of
response to all forms of treatment (see Retooling, p. 28).
This information has the potential to change patient care,
because it could allow physicians to more precisely identify
those patients most likely to benefit from a given treatment,
including our current toolkit of anticancer agents.
Moreover, those patients identified as unlikely to respond
could be spared the potential harm of the treatment and
immediately start an alternative treatment, saving them
precious time in their race to find an effective therapy.
One area where genomics holds immense promise
is in increasing the precision with which we
use immunotherapeutics (see Treatment With
Immunotherapeutics, p. 82), in particular immunecheckpoint inhibitors, where markers predictive of response
have been challenging to identify. Two recent studies
have highlighted the exciting potential of this approach,
although they are early studies that need further validation
before the results can be translated into the clinic. In the
first study, large-scale genomics was used to identify a
genetic signature of melanoma response to ipilimumab
(161), whereas in the other, the presence of certain genetic
mutations in colorectal cancers predicted response to
pembrolizumab (162).
Despite immense progress, many tumors eventually develop
resistance to current treatments, and the disease progresses
(see sidebar on The Challenge of Treatment Resistance, p.
70). Cancer genomics research has the potential to help
physicians manage the care of patients during the course of
their treatment by identifying markers that are predictive
of the emergence of tumor resistance. The power of this
information to transform patient care could be dramatically
enhanced by pairing knowledge of genetic markers of
tumor resistance with emerging technologies, sometimes
called liquid biopsies.

and, if it is developing resistance, what treatment might be
the most appropriate next option.
Although there are currently more than 50 FDA-approved
therapeutics that target specific molecules involved in
the development and progression of cancer, for other
potential therapeutic targets identified by cancer genomics
research or other fields of research it has proven extremely
challenging to develop precision medicines with which to
modify them for patient benefit. There are many reasons
for this; however, numerous initiatives aim to expand
our understanding of these potential targets, which are
sometimes referred to as undruggable, and to develop
ways to overcome the challenges of developing effective
therapeutics that could be used to treat the patients whose
tumors harbor them. The goal of one such initiative,
the RAS Initiative—launched by the NCI in 2013—is to
improve treatment, diagnosis, and prevention of cancers
driven by mutant RAS genes (163). Given that RAS genes
are among the most frequently mutated genes in human
cancers (164), including almost all pancreatic ductal
adenocarcinomas (165), this initiative, if successful, has
the potential to improve the lives of millions of individuals
worldwide.
These are only a few examples of the extremely bright future
of precision medicine.

Research has shown that during the course of cancer
development and treatment, tumors routinely shed
cells, lipid-encapsulated sacs called exosomes, as well
as free DNA into a patient’s blood. Liquid biopsies use
technological advances to capture and analyze these bloodborne tumor derivatives, including any cancer-associated
genomic alterations that may be contained within them.
In this way, a blood sample, rather than a biopsy of the
tumor tissue itself, could be used to more easily analyze
genomic alterations in a patient’s cancer. Currently, liquid
biopsies are predominantly used in clinical research, but
they provide great hope that physicians may soon have
noninvasive ways to repeatedly sample the genome of a
cancer so that they can tell quickly whether a cancer is
responding to treatment or becoming treatment resistant
American Association for Cancer Research
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these are exciting times and ... the pace of
“…discovery
and application of new knowledge
to patient care is rapidly accelerating.

”
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Envisioning Future
Progress Against Cancer
on Multiple Fronts
José Baselga, MD, PhD // AACR President, 2015–2016
Physician-in-Chief, Memorial Sloan Kettering Cancer Center // New York, New York
Since I started working in the field of oncology about three decades
ago, there has been a sea change in our basic understanding of
what cancer is—from the systematic discovery of oncogenes, to
the increased understanding of metastases, cancer immunology,
and metabolism, to name a few—and in the way that we treat
patients with cancer. This has led to significant decreases in
cancer mortality rates on an annual basis.
The majority of cancer researchers agree that these are exciting
times and that the pace of discovery and application of new
knowledge to patient care is rapidly accelerating. Remarkable
advances are occurring in multiple fields. The advent of nextgeneration tumor DNA sequencing is enabling the identification
of driver genomic alterations that can be targeted with precision
therapeutics that are highly active and display limited toxicity.
Going forward, we will need to devise combination therapeutics
or therapeutic cocktails that will delay or prevent the appearance
of resistance to therapy. On top of this, newer tumor detection
technologies, such as the identification of circulating tumor
DNA in the blood, will provide us with new tools to monitor
response to therapy, the emergence of resistance, and early
disease recurrence.
We now recognize that, in addition to genetic mutations, aberrant
epigenetic regulation of gene expression is frequent in tumors and
can also be therapeutically targeted. In fact, epigenome-targeted
therapeutics are showing great promise in some hematologic
malignancies, and we are eagerly awaiting their effective
application in solid tumors. The same applies to the understanding
and targeting of the unique metabolism of cancer cells.
Perhaps most striking are the tremendous advances that are
occurring in the field of immunology. Immune checkpointblockade strategies that permit the patient’s own immune system
to attack his or her tumor have led to in almost miraculous
results in multiple tumor types, including melanoma and
lung cancer, to name just two of the most difficult tumors to
treat. In the future we envision that these treatments will
be administered in combination, agonist immune therapies
will also be incorporated, and engineered T cells (CAR-T
cells) will attack tumor cells with unprecedented efficacy. In
fact, the results with CAR-T cells in some forms of leukemia
and lymphoma are astonishing. And as a result of precision
medicine, predictive mutational signatures of response will
be identified so that these therapies are offered only to those
patients who are likely to benefit from them.

Much progress is also occurring in all fields of medicine,
including surgery, with less invasive techniques, radiation
therapy, and conventional chemotherapy. We may even come
to see conventional chemotherapy as targeted therapy if we
use it in the right setting and in the right tumor type. We will
improve the way we work together so that we can integrate the
knowledge from all the different areas of cancer science.
The practice of cancer medicine, as we know it today, will
substantially change. The days that the physician is in the room
with the patient making complex decisions with the support of a
(simple) electronic medical record will be gone. Millions of data
points for each patient and his or her tumor will be extracted and
analyzed at the time of decision making. Many of these data points
will be generated through increased use of genomics, but others
will come from information about the presentation of the tumor,
exposures, and outcomes of prior treatments, and yet even more
from the patient’s own preferences. The power of computer and
information science will integrate all the pertinent information,
mine vast databases that will contain information on outcomes
from similar patients, and will finally provide decision support
tools that will result in tailored treatment choices.
Decision support tools will be particularly important because
80 percent of cancer care today is provided in the community
setting. We will need to ensure that the knowledge generated
in specialized cancer centers gets disseminated quickly to the
community via data sharing and outcomes research.
Although many efforts are needed to care for those diagnosed
with cancer, it would be tremendously shortsighted if we did
not increase our efforts in the field of cancer prevention and
early cancer interception. This last concept is important, as
the detection of tumors at a very early stage using noninvasive
techniques to find circulating tumor DNA in blood or other
samples could redefine early detection and therapy.
Unfortunately, at this time of great excitement and progress
on so many fronts, we are facing several threats that cloud the
promise of cures for patients with some types of cancer. The
largest by far is the decline in NIH funding. Since 2004, NIH
funding in real dollars has decreased by 25 percent, and some
of the many brilliant ideas and projects simply cannot obtain
federal funding. Another unintended consequence of this lack
of funding is that careers in science are becoming less attractive
to our most talented college graduates. Therefore, there is an
urgent need to increase research funding so that our scientific
community will be able to continue to make the breakthroughs
that will deliver more cures to cancer patients.

Photo courtesy of Memorial Sloan Kettering Cancer Center

Building Blocks to Further Precision Medicine

Building Blocks to Further
Precision Medicine
I n t h i s s e c t i o n y o u w i ll l e a r n :

• Increasing federal support for
biomedical research is crucial to
advancing precision medicine and
making continued progress against
cancer.
• Regulatory science and policy play
a key role in advancing precision
medicine and making continued
progress against cancer.

• Federal support is needed to continue
to develop and train the biomedical
research workforce of tomorrow.
• P
 atient and caregiver perspectives
need to be considered as an integral
part of advancing precision medicine.
• P
 recision medicine can play an
important role in the prediction and
prevention of disease.

Thanks to the efforts of countless researchers across the
entire biomedical research continuum, we have made
great progress in our understanding of the molecular and
genetic mechanisms underlying the collection of diseases
that we call cancer, which in turn has made possible the
development of new methods for preventing, detecting,
diagnosing, and treating cancer.

Nowhere is this progress more apparent than in the
emerging field of precision medicine. At its very essence,
precision medicine is treating patients based on the
characteristics that distinguish that individual from other
patients with the same disease, and the field of oncology
has been leading the way in the development of precision
treatments (see Treating Cancer More Precisely, p. 23).

In fact, in the 12 months between Aug. 1, 2014, and July 31,
2015, the FDA approved nine new anticancer therapeutics,
one new cancer prevention vaccine, and one new cancer
screening test (see Table 1, p. 10). During this period, the
FDA also approved new uses for six previously approved
anticancer therapeutics and one imaging agent.

On Jan. 30, 2015, President Obama announced plans for a
new Precision Medicine Initiative that would capitalize on
the existing foundation of precision oncology, with the goal
of extending precision medicine treatments to all forms
of cancer and many other diseases. Making this a reality
will require robust, sustained, and predictable funding
increases for the NIH and NCI, who are leading this
effort. Additionally, it is essential to develop mechanisms
to involve patients more directly in the development of

This progress would not have been possible without federal
support for the NIH, NCI, and FDA.

President Barack Obama, White House briefing on precision medicine, Jan. 30, 2015

“

What if matching a cancer cure to our genetic code
was just as standard [as a blood transfusion]? …
[T]he time is right to unleash a new wave of
advances in this area, in precision medicine.

”
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new treatments (see sidebar on Building Blocks to Further

Precision Medicine).

Robust, Sustained, and
Predictable Funding Increases for
Biomedical Research
Federal grants from the NIH and NCI represent the
lifeblood of biomedical research and form the foundation
upon which the majority of scientific and medical
discoveries are made. Bipartisan support for the NIH and
NCI since President Nixon signed the National Cancer Act
into law 44 years ago has resulted in extraordinary progress
against cancer, as detailed in this report. In addition to
saving lives, the federal investments in cancer research have
also spurred our economy by creating jobs and establishing
entirely new industries, such as the biotechnology industry.

69% of voters
say increasing federal funding for
medical research should be a
top priority for Congress.
Source: A 2015 national survey conducted on behalf of the AACR
by Hart Research Associates and Public Opinion Strategies.

Although prior federal investments in the NIH and NCI
have led to significant progress, the purchasing power of
the NIH has decreased by 25 percent since 2004 (see Figure
18, p. 106). To regain momentum and accelerate the pace
of progress, we must provide the NIH and NCI with the
resources it needs to continue to fund lifesaving research.

Enhancing Support for
Regulatory Science and
Policy Activities at the FDA
The FDA represents an integral part of the biomedical
research community (see sidebar on The Biomedical
Research Community, p. 9), and the support of this
critical agency through government funding is crucial in
continuing our progress against cancer and the delivery of
safe, effective, and precise medicines to patients residing in
the United States.
To keep pace with the rapid progress we are seeing in
biomedical research, particularly in the area of precision
medicine, the FDA is increasingly focused on advancing
regulatory science, which is the study of developing new
tools, standards, and approaches to assess the safety, efficacy,
quality, validity, and performance of medical products.
The regulatory science initiatives of the FDA are aimed
at promoting and developing evidence-based regulatory
policies that balance innovation and the expedited approval
of medical products with patient safety (166).
It is imperative that the FDA is supported in its efforts
to keep abreast of the latest scientific and technological
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progress through discourse, cooperation, and collaboration
with academia, industry, patient advocacy groups, and the
government.
Therefore, to achieve the aforementioned goals, Congress
and the administration must equip the FDA with the
resources the agency needs to support the regulatory
processes and professional development of staff.

Increasing Patient Participation in
Precision Medicine Initiatives
The significant progress made in our understanding of
the biology of cancer has led to the advent of precision
medicine (see Figure 5, p. 27; Transforming Lives Through

Precision Medicine, p. 53). To fully realize the promise
of precision medicine, patients should be equal partners
in this initiative. Patients are already involved in various
aspects of biomedical research through their participation
in activities including clinical trials and grant review, and as
members of Institutional Review Boards (IRB) and advisory
committees. To make the development of new precision
medicine treatments more patient-centric, we need to
better understand how patients are engaged in their own
treatment decisions.

Through its Patient-focused Drug Development initiative
(169), the FDA has formally started gathering patient
and caregiver perspectives related to his or her disease
burden, impact on quality of life, and unmet needs.
Efforts such as these, which better integrate the patient

106	AACR Cancer Progress Report 2015

perspective into research, clinical trials, and the review
and approval processes, should be encouraged so that
patients can become equal partners in our joint quest for
better treatments.

Leadership in the Local and
Global Economies
The impact of federal support for the NIH, NCI, and FDA
reaches well beyond the research laboratory and the clinic.
The medical research enterprise supports hundreds of
thousands of jobs in communities across the United States,
and for every dollar invested in the NIH, an estimated $2.21
is returned in the form of local economic growth (170). The
discoveries that are fueled by these investments have led
to the remarkable progress that we have seen in areas such
as precision medicine. For example, the sequencing of the
human genome has been hailed by many as the landmark
scientific achievement of the 20th century. These types of
breakthroughs have positioned the United States as the
world leader in biomedical research.
This leadership position, however, is in jeopardy, as federal
investments in biomedical research have been flat since
2004, while other countries are investing significantly in
science, technology, and biomedical research (171). Thus,
to maintain the pace of scientific progress for patient
benefit, we must follow suit. Such a renewed investment
in biomedical research would strengthen the position
of the United States as the global leader in science and
technology and would ensure U.S. economic leadership in
the 21st century.

Developing and Training the
Workforce of Tomorrow
Performing world-class research requires recruiting,
training, and retaining the best minds across multiple
disciplines, and this means providing adequate support in
the form of training and research grants that will support

Elizabeth H. Blackburn, PhD, recipient of the 2009 Nobel Prize in Physiology or Medicine

came to the United States in the mid-1970s after I
“ Ihad
done my PhD training in the United Kingdom,
and I simply came because I knew that it was here
in the United States that the world’s most exciting
science was being done.
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individual researchers at all stages of their careers. Since
2003, stagnant funding for the NIH and NCI has resulted in
a steady decline in the ability of these institutions to award
research grants. In fact, in 2014, a grant application to the
NCI had a one-in-seven chance of being funded, one of the
lowest “success rates” on record for the NCI (172).
For researchers who are just beginning their careers,
securing a federally funded grant is essential for their
ability to continue a career in research. For more
established researchers, failure to renew their grant
funding can leave them unable to support new graduate
students, postdoctoral scientists, and expert laboratory
staff. This entire situation underscores the importance of
providing robust, sustained, and predictable increases to
the NIH and NCI.

Precision Prevention
It has been estimated that more than 50 percent of all U.S.
cancer cases could be prevented through a combination
of lifestyle modification and regular screening (173).
Therefore, the best way to reduce death and disability due
to these particular cancers is to take some of the necessary
steps to prevent the disease from happening in the first
place (see Preventing Cancer From Developing, p. 33). Just
as we are using precision medicine to determine which
patients are likely to respond to which drugs, we are also
becoming more sophisticated in using individual and
population-wide data to predict the risk of a particular
person developing cancer.

increasing popularity of e-cigarettes and other electronic
nicotine delivery systems (ENDS). Researchers are still
working to understand the full impact of e-cigarettes on
health (see sidebar on E-cigarettes: What We Know and
What We Need to Know, p. 38). However, a significant
concern is that ENDS may be harmful, particularly to
youth, if they increase the likelihood that nonsmokers or
former smokers will use combustible tobacco products, or if
they discourage smokers from quitting (41).
The prevention of skin cancer also remains a critical issue
where significant additional progress can be made (see
Protect Skin From UV Exposure, p. 39). The majority of skin
cancers, including as many as 90 percent of melanomas, are
caused by exposure to UV light (69). Despite the evidence
implicating sun exposure and indoor tanning as risk factors
for skin cancer, the incidence of melanoma in the United
States continues to increase (6). To reverse this trend,
policymakers must work on common-sense policies and
educational campaigns that will help reduce an individual’s
exposure to UV light, especially for those under 18 years of
age, who are at the greatest risk for developing melanoma as
a result of this exposure.

One of the best-known examples of using an individual’s
genetic information to predict his or her chances of
developing cancer is the connection between certain
mutations in the BRCA1 and BRCA2 genes and hereditary
breast and ovarian cancers. Behavioral and environmental
data can also provide a wealth of information that can
be used in cancer prevention and control. In addition, in
those cases where the cause of a particular cancer is well
understood, precise strategies aimed at reducing cancer
risk can result in preventing cancer before it even starts. A
good example of this is the HPV vaccine, which has been
directly linked to reducing the risk of developing cervical
cancer (see sidebar on How Do the Three FDA-approved HPV
Vaccines Differ? p. 61).
One of the biggest and most well-studied risk factors for
cancer is tobacco use, and thanks to the wealth of research
demonstrating the health consequences of tobacco use, we
have seen dramatic progress in the area of tobacco control
through the implementation of policies and educational
initiatives aimed at preventing use and facilitating cessation
(see Figure 9, p.35). One relatively recent development is the

108	AACR Cancer Progress Report 2015

The AACR Call to Action

The AACR Call to Action
I n t h i s s e c t i o n y o u w i ll l e a r n :

The AACR respectfully urges Congress and the administration to prioritize the
growth of the NIH, NCI, and FDA budgets, which will require working together in
a bipartisan fashion to reach a comprehensive budget agreement that eliminates
sequestration and raises current caps on federal spending.

Following more than a decade of budget stagnation and
outright funding cuts, thus far in 2015, the administration
and a bipartisan majority of members of Congress have
demonstrated a strong commitment to increasing the
budgets for the NIH, NCI, and FDA.
During this time of unprecedented promise in biomedical
research, robust, sustained, and predictable investments in
the NIH and NCI are urgently needed. This is a sentiment
shared by the majority of American voters, as a 2015
national survey conducted on behalf of the AACR by Hart
Research Associates and Public Opinion Strategies found
that three out of every four voters favor increasing federal
funding of cancer research

7%
per
year

NIH budget

7%
per
year

NCI budget

7%
per
year

FDA budget

Therefore, the AACR respectfully urges Congress and the administration to:
• Implement a strategy for robust, sustained,
and predictable growth in funding for the
NIH and NCI by providing annual budget
increases of at least 7 percent. This level of
funding would represent strong growth in excess of
the biomedical inflation rate, resulting in fiscal year
(FY) 2020 funding levels for the NIH and NCI of $42.5
billion and $7 billion, respectively.

• Increase the FDA budget in FY 2016 by
$200 million above its FY 2015 level (a
7 percent increase from $2.6 billion to
$2.8 billion) and ensure that the agency
receives comparable annual percentage
increases thereafter.

American Association for Cancer Research

Achieving these goals will require Congress to work in
a bipartisan fashion to enact a broad-based budget deal
that raises the discretionary funding caps for FY 2016
and beyond. This would allow our nation’s policymakers
to invest in priority areas, such as biomedical research,
cancer research, and regulatory science, which will speed
innovation and accelerate the pace of development of
products that are safe, effective, and ultimately advance
public health.
By committing to provide the NIH, NCI, and FDA with
annual funding increases that are robust, sustained, and
predictable, we will transform cancer care, spur innovation
and economic growth, maintain our position as the global
leader in science, biomedical, and cancer research, and, most
importantly, bring hope to patients and their loved ones.
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Acute lymphoblastic leukemia (ALL) An aggressive (fast-

growing) type of leukemia (blood cancer) in which too
many lymphoblasts (immature white blood cells) are
found in the blood and bone marrow. Also called acute
lymphocytic leukemia.

antibody attaches to a specific protein on the target cell
type, for example, cancer cells, while the other antibody
attaches to a specific protein on immune cells called T cells
(see T cell). Thus, the BiTE acts as a connector, bringing T
cells into close proximity with the target cell type.

Anaplastic large cell lymphoma (ALCL) A rare type of

Body mass index (BMI) Calculated as a person’s weight in

non-Hodgkin lymphoma that usually arises from T cells
(see T cell). The cells accumulate in the lymph nodes,
skin, bones, soft tissues, lungs, or liver. In some cases, the
anaplastic large cell lymphoma cells have the protein ALK
(see Anaplastic lymphoma receptor tyrosine kinase) on
their surface.
Anaplastic lymphoma receptor tyrosine kinase (ALK) The

ALK gene makes the ALK protein, which is found on the
surface of some cells. The protein can initiate a variety
of signaling pathways (see Signaling pathway/signaling
network), causing proliferation of the cells on which it is
found. The ALK gene is altered in several types of cancer,
including some non–small cell lung carcinomas (see
Non–small cell lung carcinoma); some neuroblastomas
(see Neuroblastoma); and some lymphomas, in particular
anaplastic large cell lymphomas (see Anaplastic large
cell lymphoma).
Angiogenesis The process of growing new blood vessels
from the existing vasculature. Angiogenesis is important for
numerous normal body functions, as well as tumor growth
and metastasis.
Antibody–drug conjugate A therapeutic comprising

an antibody chemically linked to a traditional
chemotherapeutic. The antibody binds to specific proteins
on certain types of cells, including cancer cells. The linked
traditional chemotherapeutic enters these cells and kills
them without harming nearby cells.

Basal cell carcinoma A form of skin cancer that begins in
a type of cell in the skin that produces new skin cells as old
ones die off. It is the most common cancer, but it rarely
metastasizes (spreads to other parts of the body). Also
called basal cell cancer.
BCR-ABL A protein made from pieces of two unrelated

genes that are joined together. It is found in most patients
with chronic myelogenous leukemia (CML; see Chronic
myelogenous leukemia), and in some patients with acute
lymphoblastic leukemia (ALL; see Acute lymphoblastic
leukemia) or acute myelogenous leukemia (AML). Inside
the leukemia cells, the ABL gene from chromosome 9 joins
to the BCR gene on chromosome 22 to form the BCR-ABL
fusion gene, which makes the BCR-ABL fusion protein.
Biomedical inflation Biomedical inflation is calculated

using the annual change in the Biomedical Research and
Development Price Index (BRDPI), which indicates how
much the NIH budget must change to maintain purchasing
power. In general, the biomedical inflation rate outpaces the
economy-wide inflation rate.

Bispecific T cell–engager (BiTE) antibody A therapeutic

engineered from two flexibly linked antibodies. One
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kilograms divided by height in meters. BMI provides an
indicator of body fatness for most people, and it is often
used to determine whether a person is underweight, of
healthy weight, overweight, or obese.

BRAF The BRAF protein is generated from the BRAF gene.

It is found inside certain cell types, where it is involved in
sending signals that direct cell proliferation. Mutations in
the BRAF gene have been associated with various cancers,
including some non-Hodgkin lymphomas, colorectal
cancers, melanomas, thyroid cancers, and lung cancers.

BRCA1/2 (Breast Cancer Resistance Genes 1 and 2) Genes
that produce proteins that are involved in repairing
damaged DNA. Females who inherit certain mutations
(see Mutation) in a BRCA1 or BRCA2 gene are at increased
risk of developing breast cancer, ovarian cancer, and some
other types of cancer. Males who inherit certain BRCA1 or
BRCA2 mutations are at increased risk of developing breast
cancer, prostate cancer, and some other types of cancer.
Breast cancer Cancer that forms in tissues of the breast. The

most common type of breast cancer is ductal carcinoma,
which begins in the lining of the milk ducts (thin tubes
that carry milk from the lobules of the breast to the nipple).
Another type of breast cancer is lobular carcinoma, which
begins in the lobules (milk glands) of the breast. Invasive
breast cancer is breast cancer that has spread from where it
began in the breast ducts or lobules to surrounding normal
tissue. Breast cancer occurs in both men and women,
although male breast cancer is rare.

Cancer A term for diseases in which abnormal cells divide
without control and can invade nearby tissues. Cancer
cells can also spread to other parts of the body through the
blood and lymph systems. There are several main types of
cancer. Carcinomas begin in the skin or in tissues that line
or cover internal organs. Sarcomas begin in bone, cartilage,
fat, muscle, blood vessels, or other connective or supportive
tissue. Leukemias arise in blood-forming tissue, such as the
bone marrow, and cause large numbers of abnormal blood
cells to be produced and enter the blood. Lymphomas and
multiple myeloma originate in the cells of the immune
system. Central nervous system cancers arise in the tissues
of the brain and spinal cord. Also called malignancy.
Carcinogen Any substance that causes cancer.
Cervical cancer A term for cancers arising in the cervix

(the area where the uterus connects to the vagina). The two
main types of cervical cancer are squamous cell carcinoma
and adenocarcinoma. Most cervical cancers are caused
by persistent infection with certain strains of human
papillomavirus (HPV; see Human papillomavirus). Normal
cells of the cervix do not suddenly become cancerous;
they first gradually develop precancerous changes, then
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later turn into cancer. These changes can be detected by
the Papanicolaou (Pap) test and treated to prevent the
development of cancer.

be reported for people who have a certain disease; who live
in one area of the country; or who are of a certain gender,
age, or ethnic group.

Chemotherapy The use of different drugs to kill or slow the

Deoxyribonucleic acid (DNA) The molecules inside cells that
carry genetic information and pass it from one generation
to the next.

growth of cancer cells.

Chromosome Structure within the nucleus of a cell that

contains genetic information (DNA) and its associated
proteins (see Deoxyribonucleic acid and Epigenetics).
Except for sperm and eggs, nearly all nondiseased human
cells contain 46 chromosomes.

Chronic lymphocytic leukemia (CLL) The most common

type of leukemia (blood cancer) diagnosed among adults
in the United States. CLL arises in lymphocytes, most
commonly B lymphocytes, in the bone marrow, which then
enter the blood. It is usually slow-growing, but in some
people it can be fast-growing.

Drug resistance The failure of cancer cells, viruses, or
bacteria to respond to a drug used to kill or weaken them.
The cells, viruses, or bacteria may be resistant to the drug
at the beginning of treatment or may become resistant after
being exposed to the drug.
Electronic cigarette (e-cigarette) A battery-powered device
that delivers nicotine by vaporizing a nicotine solution,
rather than by combusting tobacco as do traditional
cigarettes and cigars.

type of leukemia (blood cancer) in which too many white
blood cells (not lymphocytes) are made in the bone marrow.
Also called chronic granulocytic leukemia and chronic
myeloid leukemia.

Endpoint In clinical trials, an event or outcome that can be
measured objectively to determine whether the intervention
being studied is beneficial. The endpoints of a clinical trial
are usually included in the study objectives. Some examples
of endpoints are survival, improvements in quality of life,
relief of symptoms, and disappearance of the tumor.

Clinical trial A type of research study that tests how well

Epigenetics The study of heritable changes in gene

Chronic myelogenous leukemia (CML) A slowly progressing

new medical approaches work in people. These studies test
new methods for screening, preventing, diagnosing, or
treating a disease. Also called clinical study.

Colonoscopy Examination of the inside of the colon using a
colonoscope that is inserted into the rectum. A colonoscope
is a thin, tube-like instrument with a light and a lens for
viewing. It may also have a tool to remove tissue to be
checked under a microscope for signs of disease.
Colorectal cancer A group of cancers that start in the colon

or the rectum. More than 95 percent of colorectal cancers
are adenocarcinomas that arise in cells forming glands that
make mucus to lubricate the inside of the colon and rectum.
Before a colorectal cancer develops, a growth of tissue or
tumor usually begins as a noncancerous polyp on the inner
lining of the colon or rectum. Most polyps can be found—
for example, through colonoscopy—and removed before
they turn into cancer.

Computational biology The development of data-analytical

and theoretical methods, mathematical modeling, and
computational simulation techniques and their application
to the study of biological, behavioral, and social systems.

Computed tomography (CT) A series of detailed pictures

of areas inside the body taken from different angles. The
pictures are created by a computer linked to an X-ray
machine. Also called CAT scan, computerized axial
tomography scan, and computerized tomography.

Cyclin-dependent kinases (CDK) A family of proteins that
have important roles in controlling a number of cell processes,
including cell multiplication. To function effectively, CDKs
must attach to a small protein called a cyclin.
Death rate/mortality rate The number of deaths in a certain

group of people in a certain period of time. Death rates may

expression or cellular phenotype caused by mechanisms
other than changes in DNA sequence. Examples of such
changes might be DNA methylation or histone deacetylation,
both of which serve to suppress gene expression without
altering the sequence of the silenced genes.

Erdheim-Chester disease A rare multisystem disorder
characterized by histiocytosis, a condition in which
the immune system produces excess numbers of white
blood cells called histiocytes. The histiocytosis leads
to inflammation that can damage organs and tissues
throughout the body; this tissue damage can lead to
organ failure. Bone pain is the most frequent symptom of
the disease.
Epigenetic mark A chemical mark on DNA (see
Deoxyribonucleic acid) and histones (see Histone) that

can control the accessibility of genes. The collection of
epigenetic marks across the entire genome is referred to as
the epigenome.
Familial adenomatous polyposis (FAP) An inherited
condition in which numerous polyps (see Polyp) can

develop in the colon and rectum. It increases the risk of
colorectal cancer. Also called familial polyposis.

Five-year survival rate The percentage of people in a specific

group, for example, people diagnosed with a certain type
of cancer or people who started a certain treatment, who
are alive five years after they were diagnosed with or started
treatment for a disease, such as cancer. The disease may or
may not have come back.

Gastric cancer Cancer that arises in cells lining the stomach.

Cancers starting in different sections of the stomach
may cause different symptoms and often have different
outcomes. Infection with the bacterium Helicobacter pylori
(see Helicobacter pylori) is a major cause of gastric cancer,
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except for gastric cancers arising in the top portion of the
stomach, called the cardia.
Gastroesophageal junction adenocarcinoma Cancer that

at abnormally high levels on the surface of many types of
cancer cells, including some breast cancer cells, so these cells
may divide excessively. Also called ERBB2 and NEU.

arises in cells located where the esophagus (the tube that
connects the throat and stomach) joins the stomach. This
gastroesophageal junction includes the top portion of the
stomach, called the cardia.

accessible for reading.

Gene The functional and physical unit of heredity passed
from parent to offspring. Genes are pieces of DNA (see
Deoxyribonucleic acid), and most genes contain the
information for making a specific protein.

Histone deacetylase (HDAC) A type of protein that removes
epigenetic marks (see Epigenetic mark) called acetyl groups
from histones (see Histone). This changes the way the
histones bind to DNA (see Deoxyribonucleic acid) and may

Glioblastoma multiforme (GBM) A fast-growing type

of central nervous system tumor that forms from glial
(supportive) tissue of the brain and spinal cord, and
has cells that look very different from normal cells.
Glioblastoma usually occurs in adults and affects the brain
more often than the spinal cord. Also called glioblastoma
and grade IV astrocytoma.
Hedgehog signaling pathway This signaling pathway
is a key regulator of embryo development. It gives cells
information about what type of cell they should become
and is particularly important for limb development. It is
also active in cells in the adult. Inappropriate activation
of the hedgehog signaling pathway has been implicated in
the development of several types of cancer, including some
brain, lung, breast, prostate, and skin cancers.
Helicobacter pylori (H. pylori) A type of bacterium that

causes inflammation and ulcers in the stomach or small
intestine. People with Helicobacter pylori infections may
be more likely to develop cancer in the stomach, including
mucosa-associated lymphoid tissue (MALT) lymphoma.

Hepatitis B virus (HBV) A virus that causes hepatitis

(inflammation of the liver). It is carried and passed to
others through the blood and other body fluids. Different
ways the virus is spread include sharing needles with an
infected person and being stuck accidentally by a needle
contaminated with the virus. Infants born to infected
mothers may also become infected with the virus. Although
many patients who are infected with HBV may not have
symptoms, long-term infection may lead to cirrhosis
(scarring of the liver) and liver cancer.

Hepatitis C virus (HCV) A virus that causes hepatitis

(inflammation of the liver). It is carried and passed to
others through the blood and other body fluids. Different
ways the virus is spread include sharing needles with an
infected person and being stuck accidentally by a needle
contaminated with the virus. Infants born to infected
mothers may also become infected with the virus.
Although patients who are infected with HCV may not
have symptoms, long-term infection may lead to cirrhosis
(scarring of the liver) and liver cancer. These patients
may also have an increased risk for certain types of nonHodgkin lymphoma.

HER–2 (human epidermal growth factor receptor 2) A protein

found on the surface of some cells that can initiate a variety of
signaling pathways, causing the cells to proliferate. It is found
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Histone A type of protein found in chromosomes
(see Chromosome). Histones attach to DNA (see
Deoxyribonucleic acid) and help control which genes are

affect which genes are accessible for reading.

Hormone One of many chemicals made by glands in the
body. Hormones circulate in the bloodstream and control
the actions of certain cells or organs. Some hormones can
also be made in the laboratory.
Human papillomavirus (HPV) A type of virus that can cause
abnormal tissue growth (e.g., warts) and other changes to
cells. Infection for a long time with certain types of HPV
can cause cervical cancer (see Cervical cancer). Human
papillomaviruses also play a role in some other types of
cancer, including anal, oropharyngeal, penile, vaginal, and
vulvar cancers.
Hurthle cell cancer A rare type of thyroid cancer (see
Thyroid cancer).
Immune system A diffuse, complex network of interacting
cells, cell products, and cell-forming tissues that protects
the body from invading microorganisms and other foreign
substances, destroys infected and malignant cells, and
removes cellular debris. The immune system includes the
thymus, spleen, lymph nodes and lymph tissue, stem cells,
white blood cells, antibodies, and lymphokines.
Immunotherapy Treatment designed to produce immunity
to a disease or enhance the resistance of the immune system
to an active disease process, such as cancer.
Leukemia Cancer that starts in blood-forming tissue, such
as the bone marrow, and causes large numbers of blood cells
to be produced and enter the bloodstream.
Lymphatic vessels The thin tubes that carry lymph and

white blood cells. Lymphatic vessels branch and grow, like
blood vessels, by a process called lymphangiogenesis into all
the tissues of the body. Lymphatic vessels are an important
part of the metastatic process.

Magnetic resonance imaging (MRI) A noninvasive medical

test that produces detailed pictures of areas inside the body
through the use of radio waves and a powerful magnet
linked to a computer. MRI is particularly useful for imaging
the brain, spine, soft tissue of joints, and inside of bones.
Also called nuclear magnetic resonance imaging (NMRI).

Mammography The use of film or a computer to create a

picture of the breast.

Melanoma A form of cancer that begins in melanocytes

(cells that make the pigment melanin). It may arise in a
mole (skin melanoma), but it can also originate in other
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pigmented tissues, such as the eye (uveal melanoma) or the
intestines (mucosal melanoma).

form from cells on the surface of the ovary, and malignant
germ cell tumors, which form from egg cells.

Metastasis The spread of cancer from one part of the

Pancreatic cancer A group of cancers that start in cells of

body to another. A tumor formed by cells that have
spread is called a “metastatic tumor” or a “metastasis.” The
metastatic tumor contains cells that are like those in the
original (primary) tumor. The plural form of metastasis is
metastases.

Mutation Any change in the DNA (see Deoxyribonucleic
acid) of a cell. Mutations may be caused by mistakes during

cell proliferation or by exposure to DNA-damaging agents
in the environment. Mutations can be harmful or beneficial,
or have no effect. If they occur in cells that make eggs or
sperm, they can be inherited; if mutations occur in other
types of cells, they are not inherited. Certain mutations may
lead to cancer or other diseases.
National Cancer Institute (NCI) The largest of the 27
research-focused institutes and centers of the National
Institutes of Health. The NCI coordinates the National
Cancer Program, which conducts and supports research,
training, health information dissemination, and other
programs with respect to the cause, diagnosis, prevention,
and treatment of cancer; rehabilitation from cancer; and the
continuing care of cancer patients and their families.
Neuroblastoma A type of cancer that arises from immature
nerve cells, most frequently those in the adrenal gland,
but also those in the abdomen, chest, or near the spine.
Neuroblastoma most often occurs in children younger than
age 5.
Non-Hodgkin lymphoma A term for a large group of cancers
that arise in B cells or T cells (see T cell). Non-Hodgkin

lymphomas can be aggressive (fast-growing) or indolent
(slow-growing) types. B-cell non-Hodgkin lymphomas
include Burkitt lymphoma, diffuse large B-cell lymphoma,
and mantle cell lymphoma. Anaplastic large cell lymphoma
is one example of a T-cell non-Hodgkin lymphoma (see
Anaplastic large cell lymphoma).
Non–small cell lung carcinoma (NSCLC) A group of lung
cancers that are named for the kinds of cells found in
the cancer and how the cells look under a microscope.
The three main types of non–small cell lung cancer are
squamous cell carcinoma, large cell carcinoma, and
adenocarcinoma. Non–small cell lung cancer is the most
common kind of lung cancer.
Oncology The branch of medicine that focuses on cancer
diagnosis and treatment.
Oncolytic virus A virus that can preferentially infect and
lyse (break down) cancer cells. Oncolytic viruses can occur
naturally or can be made in the laboratory by changing
other viruses.
Ovarian cancer Cancer that arises in tissues of the ovary

(one of a pair of female reproductive glands in which the
ova, or eggs, are formed). The most common types of
ovarian cancer are ovarian epithelial carcinomas, which

the pancreas, an organ located behind the stomach. Most
pancreatic cancers begin in cells that make the digestive
fluids, and the most common of these cancers are called
adenocarcinomas. Cancers that arise in the pancreatic cells
that help control blood sugar levels are called pancreatic
neuroendocrine tumors.

Patient-reported outcome A report on the status of a
patient’s health condition that comes directly from the
patient.
Precision cancer medicine The tailoring of treatments to the

individual characteristics—in particular, the genetics—of
each patient and her or his cancer. Also called personalized
cancer medicine, molecularly based cancer medicine,
individualized cancer medicine, tailored cancer medicine,
and genetic cancer medicine.

Polyp A benign growth that protrudes from a mucous

membrane; most typically associated with the colon.

Prevalence The number or percent of people alive on a
certain date in a population who previously had a diagnosis
of a particular disease. It includes new and preexisting cases,
and it is a function of both past incidence and survival.
Programmed death-1 (PD-1) A protein on the surface of
immune cells called T cells (see T cell). When PD-1 attaches
to programmed death-ligand 1 (PD-L1) on other immune
cells, it sends signals into the T cells to tell them to slow
down and stop acting aggressively. Thus, PD-1 acts as an
immune checkpoint protein.
Protein A molecule made up of amino acids that is needed

for the body to function properly.

Radiation Energy released in the form of particle or

electromagnetic waves. Common sources of radiation
include radon gas, cosmic rays from outer space, medical
X-rays, and energy given off by a radioisotope (unstable
form of a chemical element that releases radiation as it
breaks down and becomes more stable).
Radiotherapy The use of high-energy radiation from

X-rays, gamma rays, neutrons, protons, and other sources
to kill cancer cells and shrink tumors. Radiation may come
from a machine outside the body (external-beam radiation
therapy), or it may come from radioactive material placed
in the body near cancer cells (internal radiation therapy).
Systemic radiotherapy uses a radioactive substance, such
as a radiolabeled monoclonal antibody, that travels in the
blood to tissues throughout the body. Also called irradiation
and radiation therapy.

Receptor A protein in a cell that attaches to specific
molecules, such as hormones, from outside the cell, in a
lock-and-key manner, producing a specific effect on the
cell—for example, initiating cell proliferation. Receptors
are most commonly found spanning the membrane
surrounding a cell but can be located within cells.
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Signaling pathway/signaling network A group of molecules
in a cell that work together to control one or more cell
functions, such as cell proliferation or cell death. After the
first molecule in a pathway receives a signal, it alters the
activity of another molecule. This process is repeated until
the last molecule is activated and the cell function involved
is carried out. Abnormal activation of signaling pathways
can lead to cancer, and drugs are being developed to block
these pathways. These drugs may help prevent cancer cell
growth and kill cancer cells.
Standard of care The intervention or interventions

generally provided for a certain type of patient, illness,
or clinical circumstance. The intervention is typically
supported by evidence and/or expert consensus as
providing the best outcomes for the given circumstance.

T cell A type of immune cell that protects the body from

invading microorganisms and other foreign substances and
that destroys infected and malignant cells. A T cell is a type
of white blood cell. Also called T lymphocyte.

Therapeutic vaccine A type of therapy that uses a substance

or group of substances to stimulate the immune system
to destroy a tumor or infectious microorganisms, such as
bacteria or viruses.

Thyroid cancer Cancer that arises in the thyroid gland (a
gland at the base of the neck that makes hormones that help
control heart rate, blood pressure, body temperature, and
weight). The four main types of thyroid cancer—papillary,
follicular, medullary, and anaplastic—are named for the
kind of cells found in the cancer and how the cancer cells
look under a microscope.
Tumor An abnormal mass of tissue that results when cells
divide more than they should or do not die when they
should. Tumors may be benign (not cancer) or malignant
(cancer). Also called neoplasm.
Tumor microenvironment The cells, molecules, and blood
vessels that surround and feed a cancer cell. A cancer can
change its microenvironment, and the microenvironment
can affect how a tumor grows and spreads.
Vaccine A substance or group of substances meant to

cause the immune system to respond to a tumor or to
microorganisms such as bacteria or viruses. A vaccine
can help the body recognize and destroy cancer cells or
microorganisms.

Waldenström macroglobulinemia A rare, indolent (slow-

growing) type of non-Hodgkin lymphoma that arises in B
cells. The lymphoma cells accumulate in the bone marrow,
lymph nodes, and spleen. Also called lymphoplasmacytic
lymphoma.
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FDA-Approved Therapeutics for the Treatment of Cancer
	DNA-synthesis Inhibitors (Antimetabolites)
Approved Indication

Generic Name

testicular and
lung cancers

Trade Name

etoposide	Etopophos;
phosphate
Topusar, VePesid

multiple cancers

5-fluorouracil (5FU)	Adrucil

certain leukemias

idarubicin	Idamycin PFS

certain leukemias

6-mercaptopurine

Purinethol

multiple cancers

ifosfamide	Ifex

capecitabine

Xeloda

	breast and
colorectal cancers

	colon, lung and
irinotecan	Camptosar,
rectal cancers 		Campostar
brain tumors

	certain leukemias,
cladribine
Litrak,
lymphoma		Movectro
certain leukemias

multiple cancers
			

clofarabine	Clolar

lomustine	CeeNU
mechlorethamine	Mustargen
hydrochloride

multiple cancers

melphalan	Alkeran

certain lymphomas

methoxsalen	Uvadex

floxuridine	FUDR

multiple cancers

mitoxantrone	Novantrone

	certain leukemias,
lymphoma

fludarabine	Fludara

colon cancer

oxaliplatin	Eloxatin

I

	breast, lung, ovarian,
and pancreatic cancers

gemcitabine	Gemzar

testicular cancer

plicamycin	Mithracin

n

certain lymphomas

procarbazine	Matulane

c

pancreatic cancer

streptozocin	Zanosar

	certain leukemias,
cytarabine	DepoCyt,
lymphoma		Cytosar-U
stomach cancer

	melanoma, certain
brain cancers

mitomycin	Mutamycin

e

	certain leukemias,
lymphoma

nelarabine	Arranon

certain leukemias
thioguanine
				

	lung and ovarian
cancers, mesothelioma

pemetrexed	Alimta

a s

hydroxyurea	Droxia

r

certain leukemias

multiple cancers
methotrexate	Rheumatrex,
				
Trexall
multiple cancers

i

certain leukemias

pentostatin	Nipent

n

certain lymphomas

pralatrexate	Folotyn

g

altretamine	Hexalen

certain leukemias

arsenic trioxide

Trisenox

multiple cancers

bendamustine

Treanda

bleomycin sulfate	Blenoxane

Generic Name

Trade Name

cabazitaxel

Jevtana

multiple cancers

docetaxel

Taxotere

breast cancer

eribulin mesylate	Halaven

breast cancer

ixabepilone	Ixempra

multiple cancers

chlorambucil

Leukeran

multiple cancers

cisplatin

Platinol-AQ

multiple cancers

cyclophosphamide	Cytoxan

vinblastine	Velban
vincristine	Oncovin

	certain leukemias
and lymphomas

vincristine sulfate	Marqibo
liposomes

n

carmustine	BiCNU

multiple cancers

o

	brain tumors,
certain lymphomas

Paraplatin,
Paraplat

paclitaxel albumin-	Abraxane
bound particles

	certain leukemias
and lymphomas

	breast and lung cancers

vinorelbine tartrate	Navelbine

i

	breast, lung and
carboplatin
ovarian cancers		

multiple cancers
			

s

certain leukemias
busulfan	Myleran,
				Busulfex

	Cell Cytoskeleton–modifying Agents

i

	certain lymphomas,
squamous cell and
testicular cancers

valrubicin	Valstar

e c

ovarian cancer

	Antinutrients
Approved Indication

Generic Name

certain leukemias

asparaginase	Elspar, Kidrolase

Trade Name

	Gene-transcription Modifiers

	melanoma, certain
brain cancers

dacarbazine	DTIC-Dome

multiple cancers

dactinomycin	Cosmegen

certain leukemias
		daunomycin

daunorubicin;	Cerubidine

certain leukemias
			

multiple cancers
			

doxorubicin	Adriamycin PFS,
hydrochloride
Adriamycin RDF

	Radiation-emitting Drugs

	certain leukemias, breast epirubicin	Ellence
and stomach cancers
hydrochloride

Thioplex

topotecan	Hycamtin

r

Trade Name

Thioguanine
Tabloid

prostate cancer

p

Generic Name

bladder cancer

thiotepa

Temodar

Approved Indication

	DNA-damaging Agents
Approved Indication

multiple cancers
	ovarian and small
cell lung cancers

temozolomide

Approved Indication

Generic Name

Trade Name

certain lymphomas

bexarotene

Targretin

Approved Indication
	prostate cancer
bone metastases

tretinoin (all-trans	Vesanoid
retinoic acid)

Generic Name

Trade Name

radium Ra 223
dichloride

Xofigo
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FDA-Approved Therapeutics for the Treatment of Cancer
	Hormones/Antihormones
Approved Indication Generic Name
	prostate cancer

abarelix

	DNA-repair Inhibitors
Approved Indication

Trade Name
Plenaxis

prostate cancer

abiraterone acetate	Zytiga

breast cancer

anastrozole	Arimidex

prostate cancer

bicalutamide	Casodex

prostate cancer

degarelix	Firmagon

prostate cancer

enzalutamide

Xtandi

prostate cancer

estramustine	Emcyt, Estracyt

breast cancer

exemestane	Aromasin

prostate cancer

flutamide	Eulexin

	certain form of
ovarian cancer*

letrozole	Femara

melanoma

prostate cancer

triptorelin pamoate Trelstar Depot

Trade Name

interferon alfa-2b	Intron A

Trade Name
Xgeva

Generic Name

kidney cancer

axitinib	Inlyta

	colon, kidney, lung,
certain forms of cervical,
ovarian, fallopian tube,
and peritoneal cancers

Trade Name

bevacizumab	Avastin

aldesleukin

Proleukin

	myelodyspalstic
syndrome,
certain lymphomas

lenalidomide	Revlimid

thyroid cancer

	certain type of
thyroid cancer

cabozantinib	Cometriq
lenvatinib

Lenvima

	kidney cancer,
pazopanib	Votrient
soft tissue sarcomas,
gastrointestinal stromal
tumors

p

	melanoma,
kidney cancer

Pomalyst

Trade Name

multiple myeloma

carfilzomib

Kyprolis

Approved Indication Generic Name

sorafenib	Nexavar

	gastrointestinal stromal sunitinib	Sutent
tumors, kidney cancer,
some pancreatic cancers

n

Protein-translation Inhibitors

	kidney cancer, certain
type of thyroid cancer

o

bortezomib	Velcade

i

multiple myeloma

Trade Name

	certain type of leukemia	Omacetaxine	Synribo
mepesuccinate

thyroid cancer

vandetanib	Caprelsa

colorectal cancer

ziv-aflibercept	Zaltrap

	Cell-lysis Mediators

	Epigenome-modifying Agents
Approved Indication Generic Name

	colorectal cancer, 	Regorafenib 	Stivarga
gastrointestinal
stromal tumors

s

Approved Indication Generic Name

ramucirumab	Cyramza

i

Proteosome Inhibitors

	certain types of lung
and stomach cancers

e c

pomalidomide

r

multiple myeloma

Generic Name
denosumab

Approved Indication

g

multiple cancers

Keytruda

	Angiogenesis Inhibitors

n

Approved Indication Generic Name

pembrolizumab

i

	Immune-system Modifiers

Approved Indication
	potentially lethal
complication of
advanced cancers*

a s

tamoxifen	Nolvadex

nivolumab	Opdivo

	Bone-remodeling Inhibitors

e

breast cancer

Yervoy

	melanoma, certain
form of lung cancer

r

	breast and
megestrol acetate	Megace, Megace
endometrial cancers		Oral Suspension

Trade Name

ipilimumab

c

prostate cancer
leuprolide acetate	Eligard, 		
Lupron, Viadur
				

Generic Name

melanoma

n

breast cancer

Approved Indication

I

goserelin acetate	Zoladex
implant

Trade Name
Lynparza

	Immune-checkpoint Inhibitors

	metastatic breast cancer fulvestrant	Faslodex
	prostate and
breast cancers

Generic Name
olaparib

Trade Name

Approved Indication

Generic Name

Trade Name

myelodysplastic
syndrome

azacitidine	Vidaza

certain lymphomas

belinostat	Beleodaq

certain leukemias
alemtuzumab	Campath
certain types of leukemia blinatumomab	Blincyto
certain lymphomas
brentuximab vedotin	Adcetris

decitabine	Dacogen

neuroblastoma

dinutuximab 	Unituxin

certain lymphomas
certain form of leukemia
certain leukemias
certain lymphomas

ibritumomab	Zevalin
obinutuzumab	Gazyva
ofatumumab	Arzerra
rituximab	Rituxan

	myelodysplastic
syndrome
multiple myeloma

panobinostat	Farydak

certain lymphomas

romidepsin	Istodax

certain lymphomas

vorinostat	Zolinza
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FDA-Approved Therapeutics
for the Treatment of Cancer
Therapeutic Vaccines
Approved Indication Generic Name

Trade Name

prostate cancer

Provenge

sipuleucel-T

	Cell-signaling Inhibitors
Approved Indication

Generic Name Trade Name

I
n
c
r
e
a s
i
n
g
p
r
e c
i
s
i
o
n

HER–2+ breast cancer ado-trastuzumab Kadcyla
		
emtansine
certain type of lung cancer afatinib	Gilotrif
certain type of leukemia bosutinib 	Bosulif
	certain type of metastatic ceritinib	Zykadia
ALK-positive lung cancer
	colon cancer*,
cetuximab	Erbitux
head and neck cancer
specific lung cancers* crizotinib
Xalkori
some leukemias
dasatinib 	Sprycel
	certain type
dabrafenib
Tafinlar
of melanoma*
	some lung cancers*,
erlotinib
Tarceva
pancreatic cancer
	some pancreatic cancers, everolimus	Afinitor
kidney cancer; noncancerous kidney tumors,
HER–2+ breast cancers
lung cancer
gefitinib
Iressa
	certain form of
ibrutinib	Imbruvica
lymphoma and
non-Hodgkin lymphoma
	certain types of
idelalisib	Zydelig
leukemia and lymphoma
	some leukemias,
imatinib	Gleevec,
stomach cancer, certain		Glivec
type of skin cancer
	HER–2+ breast cancers lapatinib
Tykerb
some leukemias
nilotinib
Tasigna
	certain subtype of
palbociclib	Ibrance
breast cancer
colon cancer
panitumumab	Vectibix
	HER–2+ breast cancer pertuzumab
Perjeta
certain types of leukemia ponatinib	Iclusig
ruxolitinib
Jakafi
myelofibrosis
	most common type
sonidegib	Odomzo
of skin cancer
	certain types
trametinib	Mekinist
of melanoma*
	HER–2+ breast cancer trastuzumab	Herceptin
kidney cancer
temsirolimus
Toricel, Torisel
thyroid cancer
vandetanib	Caprelsa
melanoma*
vemurafenib	Zelboraf
	most common type
vismodegib	Erivedge
of skin cancer

supplemental Table 2

FDA-Approved Therapeutics
for Cancer Risk Reduction
or Treatment of
Precancerous Conditions*
	Cancer Risk Reduction
Condition

Generic Name

Breast cancer

raloxifene	Evista

		

Trade Name

tamoxifen	Nolvadex

	Cervical, vulvar,	Human Papillomavirus	Gardasil
vaginal, and anal	Quadrivalent Vaccine
cancers and
(Types 6, 11, 16, and 18)
dysplasia,
genital warts
	Cervical, vulvar,	Human Papillomavirus	Gardasil 9
vaginal, and anal 9-valent Vaccine
(Types 6, 11, 16, 18,
cancers and
31, 33, 45, 52, and 58)
dysplasia,
genital warts
	Cervical cancer and	Human Papillomavirus	Cervarix
cervical dysplasia	Bivalent Vaccine
(Types 16 and 18)

Treatment of Precancerous Conditions
Condition

Generic Name

Actinic keratosis 	Ingenol mebutate

Trade Name
Picato

		

fluorouracil	Adricil

		

diclofenac sodium	Voltaren

		
		
		

5-aminolevulinic acid
+ photodynamic
therapy (PDT)

		Masoprocol/	Actinex
		
nordihydroguaiaretic
		
acid
	Bladder dysplasia bacillus calmet
		
guerin/BCG	
		Valrubicin	Valstar
	Esophageal
dysplasia

porfimer sodium +
photodynamic
therapy (PDT)

Photofrin

	*Adapted from Wu X, Patterson S, Hawk E. Chemoprevention –
History and general principles. Best Practice Research
Clinical Gastroenterology. 2011;25:445-59.

* includes companion diagnostic
	Some drugs are available in multiple formulations,
these have been listed only once.
	Where multiple trade names are used, only the most common
have been listed
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Surgical and Radiotherapy
Treatments for Cancer
	Surgical Treatments
Used to Treat
Procedure
breast cancer	Mastectomy
breast cancer
Lumpectomy
testicular cancer	Orchiectomy
	multiple head, neck,	Video-assisted thoracoscopic
and chest cancers
surgery (VATS)
	
variety of abdominal cancers Laparoscopic surgery
	sarcoma and	Reconstructive and
other cancers
limb-sparing surgeries
kidney cancer
Partial nephrectomy
pancreatic cancer
The Whipple/modified
		
Whipple procedure
	stomach-sparing
Pancreatodudenectomy
pancreatic surgery for
pancreatic cancer
rectal cancer
Total mesorectal excision
prostate cancer	Nerve-sparing prostatectomy
rectal cancer
Transanal endoscopic
		
microsurgery (TEM)
testicular cancer	Modified retroperitoneal
		
lymph node dissection
	breast, melanoma,	Sentinel lymph node biopsies
and colorectal cancer
	breast cancer, 	Neoadjuvant chemotherapy
laryngeal cancer,
and anal/rectal cancer
multiple cancers	Robotic or computer		
assisted surgeries

	Radiotherapy Treatments
Used to Treat
Procedure
	prostate, cervical, and	Brachytherapy
other cancers
multiple cancers	Image-guided radiation
		
therapy (IGRT)
multiple cancers	Intensity modulated
		
radiation therapy (IMRT)
brain metastases	Stereotactic radiosurgery
liver and lung cancers	Stereotactic body
		
radiation therapy
multiple cancers	Neoadjuvant and adjuvant
		
radiotherapy combined
with radiation therapy
		
head and neck cancers	Radiation therapy combined
		
with molecularly targeted
		
therapy (cetuximab)
prostate cancer	Radiation therapy combined
		
with androgen deprivation
prostate cancer	Adjuvant radiotherapy
pediatric cancers
Proton therapy
	unresectable glioblastoma,	Concurrent chemotherapy
lung cancer, head and neck and radiation therapy
cancer, esophagus cancer,
pancreas cancer
	anal cancer, head	Radiation with
and neck cancer
chemotherapy can produce
cure with organ preservation
	breast cancer	Radiation and surgery (with
or without chemotherapy)
can produce cure with
organ preservation
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