


®® Within two months of starting a clinical trial testing a drug
called osimertinib (Tagrisso), | had my voice back. 39




In fact, phase III clinical trials showed that two different
EGFR-targeted therapeutics, afatinib and necitumumab
(Portrazza), improved survival for patients with advanced
squamous NSCLC (140, 141). These two molecularly
targeted therapeutics were approved by the FDA in April
2016 and November 2015, respectively. Of note, afatinib
isapproved as a stand-alone treatment for patients whose
disease has progressed despite treatment with a platinum-
based cytotoxic chemotherapeutic. Necitumumab is
approved for use in combination with the cytotoxic
chemotherapeutics gemcitabine and cisplatin for treating
patients who have not previously received medication
specifically for their advanced squamous NSCLC.

Progress against lung cancer in the 12 months from Aug. 1,
2015 to July 31, 2016, is not limited to the five molecularly

targeted therapeutic FDA approvals highlighted here (see
Figure 13). During this period, the FDA also approved two
immunotherapeutics for treating certain patients with the
disease (see Releasing Brakes on the Inmune System, p.
83).Inaddition, the first liquid biopsy test was approved
by the FDA for use in identifying which patients with
metastatic NSCLC may benefit from treatment with the
EGFR therapeutic erlotinib.

A biopsy is the removal of cells or tissues from a patient
for testing to help physicians diagnose a condition such
as cancer or monitor how it changes in response to
treatment. Traditionally, biopsies are invasive procedures.
However, research has shown that during the course of
cancer development and treatment, tumors routinely shed
detectable cells, lipid-encapsulated sacs called exosomes,
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Lung cancer is the leading cause of cancer-related death
in the United States (3). In the 12 months covered by the
report, from Aug. 1, 2015, to July 31, 2016, the U.S. Food
and Drug Administration (FDA) made eight decisions that
have provided new hope for many patients diagnosed
with lung cancer. In October 2015, the FDA approved
two immunotherapeutics that work by releasing the PD-1
brake on immune cells called T cells for treating certain
patients with non-small cell lung cancer (NSCLC). The first
was pembrolizumab (Keytruda), which was approved for
treating advanced NSCLC that has progressed after other
treatments and tests positive for the protein PDL1using the
PD-L1IHC 22C3 pharmDx test—a companion diagnostic
that was approved alongside the immunotherapeutic. The
second was nivolumab (Opdivo), which was approved
for treating patients with advanced NSCLC that has
progressed after treatment with a platinum-based traditional
chemotherapeutic. In November 2015, the FDA approved
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the molecularly targeted therapeutic osimertinib (Tagrisso)
for treating advanced NSCLC that tests positive for EGFR
mutations using the cobas EGFR Mutation Test v2 and that
has become resistant to other EGFR-targeted therapeutics.
The FDA also approved necitumumab (Portrazza) for treating
advanced squamous NSCLC. Alectinib (Alecensa) is a
molecularly targeted therapeutic that was approved by the
FDA for treating advanced NSCLC fueled by ALK mutations
that has become resistant to the ALK-targeted therapeutic
crizotinib (Xalkori) in December 2015. In March 2016, the
approved uses of crizotinib were expanded to include the
treatment of advanced NSCLC fueled by ROS1 mutations.
Another treatment for advanced squamous NSCLC, the
molecularly targeted therapeutic afatinib (Gilotrif), was
approved in April 2016. The cobas EGFR Mutation Test v2 was
approved by the FDA for testing plasma, the colorless liquid
component of blood, for the presence of EGFR mutations
in June 2016.
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and free DNA into a patient’s blood. Researchers have
shown in clinical trials that it is possible to use a blood
sample, or liquid biopsy, rather than a traditional tissue
biopsy, to obtain material that can be analyzed to provide
information about the genomic alterations in a patient’s
cancer. Liquid biopsies have the potential to transform
patient care across the clinical cancer care continuum.

The revolution in cancer diagnosis and monitoring began
in June 2016, when the FDA approved the first liquid biopsy
companion diagnostic test for identifying whether or not
a patient with metastatic NSCLC is eligible for treatment
with the EGFR-targeted therapeutic erlotinib. The cobas
EGFR Mutation Test v2 was already approved by the FDA
for testing tumor tissue samples obtained by a traditional
biopsy. The new approval allows the test to be used to
analyze plasma, the colorless liquid component of blood.

Triggering Leukemia Cell Death

CLLis the second most common type of leukemia diagnosed
in the United States, with almost 19,000 new cases projected
tobe diagnosed in 2016 (3). Tremendous progress has been
made against CLL in the past 2 years, with several new
molecularly targeted therapeutics approved by the FDA for
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treating patients with the disease, like David Rampe [who
was featured in the AACR Cancer Progress Report 2014 (1)].

Although the new therapeutics benefit many patients with
CLL, notaall patients have a response to these treatments.
Moreover, many patients whose CLL initially responds
eventually have disease progression. Patients who have
CLL characterized by a genetic mutation called the 17p
deletion are particularly prone to poor outcomes.

In April 2016, the FDA approved the molecularly targeted
therapeutic venetoclax (Venclexta) for treating CLL shown
to have a 17p deletion with the Vysis CLL FISH Probe Kit
companion diagnostic. This approval provided new hope
to patients like Brian Parkinson (see p. 76).
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Venetoclax (Venclexta) is a molecularly targeted therapeutic
that works by blocking the protein BCL2, which promotes
cell survival by preventing cells from undergoing a natural
self-destruct process called apoptosis. It is currently the
only anticancer therapeutic of its kind to be approved by
the U.S. Food and Drug Administration (FDA). Many years
of basic, translational, and clinical research underpinned the
development of venetoclax. The term apoptosis was first coined

in1975. A decade later, researchers discovered BCL2 and then
went on to show that its function was to prevent apoptosis.
The development of the first BCL2-targeted therapeutic to
enter clinical trials, navitoclax, was hampered by the fact that it
causes platelet death, which limits the dose that can be given.
Venetoclax was approved for treating patients with chronic
lymphocytic leukemia (CLL) shown to have a 17p deletion with
the Vysis CLL FISH Probe Kit companion diagnostic in April 2016.
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€® Venetoclax offered me the better chance
to maintain my quality of life ... 99
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CLIMBING MOUNTAINS
THANKS TO VENETOCLAX

BRIAN PARKINSON

ITIS ESTIMATED
THAT 18,960
NEW CASES

OF CHRONIC
LYMPHOCYTIC
LEUKEMIA
WILL BE
DIAGNOSED

IN THE UNITED
STATES IN 2016

AGE60  MILAN, ILLINOIS

hen my chroniclymphocytic

leukemia (CLL) relapsed,

I was training to climb

Mount Denali, in Alaska.
My doctor told me I had a choice of more
chemotherapy or the last spot in a clinical
trial testing venetoclax (Venclexta), which
at the time was called ABT-199. After lots of
research, I chose the clinical trial, although
it meant postponing my climb. I felt that the
clinical trial would give me the best chance for
maintaining my quality of life, and it has. 'm
offto climb Mount Elbrus, an 18,500-foot peak
in Russia, in a few weeks.

I was first diagnosed with CLL in 2010, but
my journey with leukemia began the previous
fall, during what was a cold and wet harvest
season on the farm. Thad a cold that would just
not go away. I hadn’t seen a doctor in decades.
So, after Thanksgiving, I went to alocal urgent
care center. They told me I had pneumonia and
gave me antibiotics. Unfortunately, one course
was not enough, and only after several courses
did I finally feel better.

At that point, I decided I should have a
routine physical. As part of the check-up, I
had ablood test. The doctor called the next day
to tell me the blood test had found a problem
and that he had scheduled an appointment
for me with an oncologist for that day. When
I reached the oncologist’s office, he told me,
“You arereally sick, and I have an appointment
made for you at the hospital. You have to be
there in half an hour because if we wait any
longer than that, you may die”

Itturned out the reason I needed to get to the
hospital quickly was that my blood was so full
ofleukemia cells that they could have blocked
my blood vessels at any moment, causing me
to have a stroke.

In the hospital, I underwent leukopheresis
to clean up my blood. Then, I had to decide
whether to be treated locally or at alarge center
farther away. After researching the options, I
chose to be treated at Northwestern Memorial

Hospital in Chicago because it was a leading
research hospital that gave me access to world-
renowned doctors and clinical trials.

A battery of tests at Northwestern finally led
to a diagnosis of CLL. After a 6-month course
of chemotherapy, my doctor told me there
were no signs of leukemia in my body, but he
was very careful not to say that I was cured.

Sure enough, 4 years later, one of my routine
blood tests revealed that the leukemia was back.

My doctor told me that in the 4 years since
my initial diagnosis, research had led to a
large number of treatments for people in my
situation who were being tested in clinical
trials. He also told me there was one spot left
in a clinical trial he was involved with that
was testing venetoclax or that I could be
treated with chemotherapy, but a stronger
chemotherapy than before.

The first chemotherapy treatment I had
received had not given me many side effects,
apart from losing my appetite. However, I
did not want to start down the road of taking
stronger and stronger chemotherapies and
lose my quality of life. Venetoclax offered me
abetter chance to maintain my quality of life,
so I opted for the clinical trial.

I continue to take venetoclax every day. I
take four pills in the morning after breakfast.
Once every 3 months, I go to Northwestern for
follow-up appointments. They do some blood
tests, and I usually have a CT scan. ThenI see
the doctor, who tells me I'm doing great and to
keep up the good work. I can take advantage
of the trip to the city and do something fun,
like sail on Lake Michigan.

AsfarasI'maware, I have no side effects from
venetoclax. I am alittle stiffin the morning, but
I'm 60 years old, and once I'm up and about,
I'm great. Really, really great.

One thing I always tell people, and I've found
myself counseling alot of patients on the cancer
floor at Northwestern over the years, is that
having cancer is not an excuse to do nothing—
you have to go out there and kick some butt.
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RECENT ADVANCES AGAINST MULTIPLE MYELOMA

Daratumumab (Darzalex) is an
immunotherapeutic that was
approved by the FDA in November
2015 for treating multiple
myeloma that has progressed
despite treatment with at least
three prior therapies, including

a proteasome inhibitor and an
immunomodulatory agent.

Elotuzumab (Empliciti) is an
immunotherapeutic that was
approved by the FDA in November
2015 for use in combination with
lenalidomide (Revlimid) and
dexamethasone for multiple
myeloma that has progressed
despite treatment with one

to three prior treatments.

Ixazomib (Ninlaro) is a proteasome
inhibitor that was approved by the
FDA in November 2015 for use in
combination with lenalidomide

and dexamethasone for treating
multiple myeloma that has
progressed despite treatment with
at least one prior treatment.

Venetoclax is the first in a new class of anticancer
therapeutics called BCL2 inhibitors. BCL2 is a protein that
promotes cell survival by preventing cells from undergoing
anatural self-destruct process called apoptosis (see Figure
14,p.75). CLL cells often express elevated levels of BCL2,
and by blocking this protein, venetoclax triggers the cells
to die by apoptosis.

The approval of venetoclax by the FDA was based on phase
II clinical trial results showing that venetoclax benefited
the majority of patients with CLL with a 17p deletion that
had progressed despite treatment with at least one other
therapeutic (142).

Each of the four new molecularly targeted therapeutics
approved for treating CLL in the past 3 years—
obinutuzumab, ibrutinib (Imbruvica), idelalisib (Zydelig),
and venetoclax—targets a different molecule involved
in CLL biology. This highlights how our increasing
knowledge of a given cancer, which is gained through
research, can yield multiple new approaches to treatment.

Making Treatment More Convenient

The number of treatment options for patients with
multiple myeloma—one of the most commonly diagnosed
hematological malignancies, or blood cancers, in the United
States—has dramatically increased in the past decade.

Two of the molecularly targeted therapeutics approved by
the FDA for treating multiple myeloma in this period target
the proteasome. The proteasome is a machine naturally

found in cells that breaks down proteins the cell no longer
needs. This process helps control cell division and survival.
By preventing the natural breakdown of proteins, these
two therapeutics, bortezomib (Velcade) and carfilzomib
(Kyprolis), are highly toxic to myeloma cells, causing
them to die.

Bortezomib and carfilzomib are administered to
patients by injection, either into the veins or, in the case
of bortezomib, under the skin. In November 2015, the
FDA approved the first proteasome inhibitor that can be
taken by mouth, ixazomib (Ninlaro), providing patients
with multiple myeloma with a more convenient treatment
option.

Ixazomib is intended for use in combination with the
immunomodulatory agent lenalidomide (Revlimid) and
the steroid dexamethasone to treat patients with multiple
myeloma that has progressed despite treatment with at
least one prior therapy. Its approval was based on the fact
that adding ixazomib to lenolidamide and dexamethasone
significantly increased the average time before disease
progressed for patients enrolled in a phase III clinical
trial (143).

Ixazomib is just one of three new therapeutics approved
in November 2015 for treating multiple myeloma (see
sidebar on Recent Advances Against Multiple Myeloma).
The other two therapeutics work by exploiting the power
of the immune system and are discussed in Directing the
Immune System to Cancer Cells (see p. 90).
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Combining Therapeutics to

Improve Outcomes

Melanoma is the deadliest form of skin cancer: It accounts
for only 1 percent of all U.S. skin cancer cases but the
majority of skin cancer deaths (3). Before Jan. 1, 2011,
the FDA had not approved a new systemic treatment for
melanoma in more than 20 years. Since that time, the
agency has approved a wide array of molecularly targeted
therapeutics and immunotherapeutics, for use as single
agents or in combination, to treat patients with metastatic
melanoma (see Figure 15).

The most recent of these approvals came in November
2015, when the FDA approved a combination of
molecularly targeted therapeutics, cobimetinib (Cotellic)
and vemurafenib (Zelboraf), for treating metastatic
melanoma fueled by certain mutations in the BRAF gene.

About 50 percent of melanomas are driven by genetic
mutations that lead to an abnormal protein called BRAF
V600E (144). This knowledge led to the development and
subsequent FDA approval of two BRAF V600E-targeted
therapeutics, vemurafenib and dabrafenib (Tafinlar).
Although these molecularly targeted therapeutics benefit
many patients with melanoma fueled by the BRAF V600E
protein, the majority of those whose cancers initially
respond to vemurafenib and dabrafenib have disease
progression within a year of starting treatment owing to
treatment resistance (145, 146).

Trametinib and cobimetinib block the activity of two
proteins, MEK1 and MEK2, that function in the same
signaling network as abnormal BRAF proteins. Trametinib
is FDA approved for use alone or in combination
with dabrafenib for treating patients with metastatic
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The DNA synthesis inhibitor hydroxyurea was the first
therapeutic for the systemic treatment of metastatic melanoma
approved by the U.S. Food and Drug Administration (FDA).
Its approval in 1968 was followed by the approval of the DNA-
damaging agent dacarbazine (DTIC) in 1975. Twenty-three
years passed before another systemic therapeutic, theimmune
system stimulator recombinant interleukin-2 (aldesleukin;
Proleukin), was approved for the treatment of melanoma.
In 2011, ipilimumab (Yervoy) became the first immune-
checkpoint inhibitor approved by the FDA and the first new
systemic treatment for melanomain 23 years. That year also
saw the approval of vemurafenib (Zelboraf), a therapeutic
that selectively inactivates the mutant form of the protein
BRAF that occurs in approximately 50 percent of melanomas.
In 2013, the FDA approved a second mutant BRAF-targeted
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agent, dabrafenib (Tafinlar), as well as trametinib (Mekinist), a
therapeutic that targets other proteins in the BRAF signaling
pathway, MEK1and MEK2. The combination of dabrafenib
and trametinib was FDA approved in 2014, as were two new
immune-checkpoint inhibitors, nivolumab (Opdivo) and
pembrolizumab (Keytruda). In 2015, the FDA approved the
use of ipilimumab and nivolumab in combination, as well
as a new MEK-targeted therapeutic, cobimetinib (Cotellic),
for use in combination with vemurafenib for the treatment
of BRAF-mutant metastatic melanoma. Note: this timeline
focuses on systemic, primary treatments for regional and
metastatic melanoma; other therapeutics have been approved
for the prevention of disease recurrence or the treatment of
localized lesions (see Supplemental Table 2, p. 131).

Figure adapted from Ref. (24)
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62,700

new cases of kidney and
renal pelvis cancer are expected
to be diagnosed in the United
States in 2016 (3). Renal cell
carcinoma is the most common
form of kidney cancer diagnosed
in U.S. adults.

melanoma shown to be fueled by either BRAF V600E or
another abnormal BRAF protein called BRAF V600K.
The combination of dabrafenib and trametinib almost
doubles the length of time before metastatic melanoma
becomes resistant to treatment and progresses compared
with either molecularly targeted therapeutic used alone (147).

Similarly, adding cobimetinib to vemurafenib significantly
increased the time before disease progressed for patients
with metastatic melanoma fueled by BRAF V600E or
BRAF V600K, as determined in a phase III clinical trial
using the FDA-approved companion diagnostic cobas
4800 BRAF V600 Mutation Test (144).

The combinations of dabrafenib and trametinib, and
cobimetinib and vemurafenib, are the first molecularly
targeted therapeutic combinations to have been approved by
the FDA for treating any type of cancer. As our understanding
of the biology of cancer continues to grow, it is highly likely
that combinations of molecularly targeted therapeutics will
become an integral part of cancer treatment in the near future.

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. Ithasalsoled to the identification of many molecules
that control the growth of the newblood and lymphatic vessels
within a tumor, as well as the development of anticancer
therapeutics that specifically target these molecules. These
molecularly targeted therapeutics are sometimes referred to
asantiangiogenic therapeutics. Currently, there are 11 such
therapeutics to have been approved by the FDA.

In many cases, antiangiogenic therapeutics not only
target molecules that stimulate blood and lymphatic
vessel growth, but they also target molecules that promote
tumor growth and cancer progression in other ways, such
as triggering cancer cell multiplication.

Many antiangiogenic therapeutics are approved by the
FDA for treating a number of different types of cancer.

In April 2016, the FDA increased the number of types of
cancer for which the antiangiogenic agent cabozantinib
can be used as a treatment, when it approved a tablet form
of the molecularly targeted therapeutic (Cabometyx) for
treating patients with advanced renal cell carcinoma that
has progressed despite treatment with at least one other
antiangiogenic therapeutic. This approval was based on
results froma phase III clinical trial comparing cabozantinib
with everolimus (Afinitor)—a recommended treatment
for patients with renal cell carcinoma who have previously
received one or more antiangiogenic therapeutics (see
Expanding the Use of an Anticancer Therapeutic) (148).
The trial showed that cabozantinib increased the time
before disease progressed and improved survival. The April
2016 approval followed the November 2012 FDA approval
ofa capsule form of cabozantinib (Cometriq) for treating
patients with metastatic thyroid cancer.

In May 2016, the FDA approved a second use for the
antiangiogenic therapeutic lenvatinib (Lenvima), when
itapproved it for use in combination with everolimus for
treating patients with advanced renal cell carcinoma that
has progressed despite treatment with at least one other
antiangiogenic therapeutic. The approval was based on
the fact that adding lenvatinib to everolimus increased the
time before disease progressed and improved survival for
patients enrolled in a phase II clinical trial (149). The first
use for lenvatinib was approved by the FDA in February
2015: It was approved for treating patients with metastatic
differentiated thyroid cancer like Lori Cuffari [who was
featured in the AACR Cancer Progress Report 2015 (24)].

SURVIVING
HURTHLE CELL
CANCER THANKS
TO CLINICAL
TRIALS 4).

These new approvals both expand the number of patients
who may benefit from the antiangiogenic therapeutics and
increase the return on prior investments in biomedical
research.

Expanding the Use of an Anticancer Therapeutic
Everolimus is another molecularly targeted therapeutic to
have its use in clinical cancer care expanded by the FDA
in the 12 monthsleading up to July 31, 2016. In February
2016, it was approved for treating certain patients with
neuroendocrine tumors—those with progressive, well-
differentiated, nonfunctional, neuroendocrine tumors
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of gastrointestinal or lung origin that cannot be removed
by surgery or that have progressed. The latest approval
came almost 7 years after the first, which was for treating
patients with renal cell carcinoma that has progressed
despite treatment with an antiangiogenic therapeutic (see
Blocking the Blood Supply to Tumors, p. 80).

Everolimus targets a protein called mTOR, which research
has shown is part of a signaling network that promotes
several important cellular processes, including cell
multiplication. Research has also shown that the mTOR
signaling network is excessively active in many types of
cancer. Thus, one rationale for testing everolimus as an
anticancer therapeutic is that it can dampen the excessive
mTOR signaling network activity that helps fuel cancer
cell multiplication.

In fact, blocking mTOR with everolimus almost tripled the
time before disease progressed, compared with placebo, for
patients with advanced, progressive, well-differentiated,
nonfunctional, neuroendocrine tumors of gastrointestinal
or lung origin enrolled in a phase III clinical trial (150).

Neuroendocrine tumors are a group of cancers that form
from neuroendocrine cells, which are cells that release
hormones into the blood in response to a signal from

the nervous system. Although they can arise anywhere
in the body that there are neuroendocrine cells, more
than 80 percent arise in the gastrointestinal tract, lungs,
or pancreas (151). The new approval for everolimus,
combined with its May 2011 approval for treating patients
with advanced, progressive neuroendocrine tumors of
pancreatic origin, made it the first molecularly targeted
therapeutic to have shown anticancer activity across much
of the spectrum of neuroendocrine tumor types.

Treatment With Immunotherapeutics

In the past 5 years, immunotherapy has emerged as one
of the most exciting new approaches to cancer treatment
that has ever entered the clinic. This is in part because
some of the patients who have been treated with these
revolutionary anticancer treatments have had remarkable
and durable responses, raising the possibility that they
might be cured, and also in part, because some of the
immunotherapeutics have been shown to benefit patients
with an increasing number of types of cancer (see Figure
16). In fact, one immunotherapeutic, nivolumab (Opdivo),
was recently approved by the FDA for four new uses in
just 12 months (see Releasing Brakes on the Inmune
System, p. 83).

THE EXPANDING SCOPE OF CANCER IMMUNOTHERAPEUTICS

AS OF JULY 31,2016, THE FOLLOWING CHECKPOINT INHIBITORS WERE:

Cancer immunotherapeutics are
anticancer therapeutics that work by

FDA approved

Hodgkin lymphoma:
nivolumab (Opdivo)

Lung cancer:
nivolumab (Opdivo)
and pembrolizumab

(Keytruda)

Kidney cancer:
nivolumab (Opdivo)

Bladder cancer:
atezolizumab
(Tecentriq)

Melanoma:
ipilimumab (Yervoy),
nivolumab (Opdivo),

pembrolizumab

(Keytruda),

and combination
of ipilimumab
and nivolumab

Not FDA
approved

but granted
breakthrough
designation

Head and neck cancer:

nivolumab (Opdivo)

Hodgkin lymphoma:
pembrolizumab
(Keytruda)

Colorectal cancer:
pembrolizumab
(Keytruda)

Bladder cancer:
nivolumab (Opdivo)

unleashing the power of a patient’s
immune system to fight cancer the
way it fights pathogens like the virus
that causes flu and the bacterium that
causes strep throat. One class of cancer
immunotherapeutics works by releasing
the brakes on the natural cancer-fighting
power of immune cells called T cells.
These revolutionary anticancer agents
are called checkpoint inhibitors. They
have yielded remarkable and durable
responses for some patients with an
increasingly broad array of cancer
types. As of July 31, 2016, the FDA has
approved four checkpoint inhibitors:
atezolizumab (Tecentriq), ipilimumab
(Yervoy), nivolumab (Opdivo), and
pembrolizumab (Keytruda). The cancers
for which these immunotherapeutics
have been approved or have been
granted FDA breakthrough designation
are highlighted in the figure.
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HOW IMMUNOTHERAPEUTICS WORK

The way in which different immunotherapeutics work to benefit patients varies:

Some release the brakes
on the natural cancer-
fighting power of the
immune system, for
example, atezolizumab
(Tecentriq) (see
Releasing Brakes on the
Immune System, p. 83).

Some increase the
killing power of the
immune system by
providing more
cancer-targeted
immune cells called
T cells; these are
called adoptive
T-cell therapies, for
example CTLO19 and
JCAROI15 [for more
information on these
immunotherapeutics
see the AACR Cancer
Progress Report 2015 (24)].

Some boost the killing
power of the immune
system by enhancing
T-cell function, for
example, interleukin-2
(Aldesleukin).

Adapted from (1)

Some enhance the
cancer-killing power
of the immune
system by triggering
cancer-fighting

T cells; these are
called therapeutic
cancer vaccines, for
example, sipuleucel-T
(Provenge).

Some flag cancer
cells for destruction
by the immune
system, for example,
daratumumab
(Darzalex) and
elotuzumab
(Empliciti) (see
Directing the
Immune System to
Cancer Cells, p. 90).

Some comprise a virus that
preferentially infects and kills
cancer cells, releasing molecules
that trigger cancer-
fighting T cells; these
are called oncolytic
virotherapeutics, for
example, talimogene
laherparepvec (T-Vec;
Imlygic) (see Boosting
the Killing Power of
the Immune System,
p.90).
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Cancer immunotherapy refers to therapeutics that
can unleash the power of a patient’s immune system
to fight cancer the way it fights pathogens. These
therapeutics are called immunotherapeutics. Not all
immunotherapeutics work in the same way (see sidebar
on How Immunotherapeutics Work, p. 82).

Given that our scientific understanding of the immune
system and how it interacts with cancer cells is rapidly
increasing, there are many novel immunotherapeutics
in development and new ways being tested to use those
that we already have. The new agents and treatment
strategies that are on the horizon hold extraordinary
promise for the future. A glimpse of this future is discussed
in Anticipating Future Progress (see p. 100). Here, we
focus on immunotherapeutics that were approved by
the FDA in the 12 months covered by this report, Aug. 1,
2015 to July 31, 2016.

Releasing Brakes on the Inmune System
Research has shown that immune cells called T cells are
naturally capable of destroying cancer cells (see sidebar
on Key Players in the Immune System, p. 86). It has also
shown that some tumors evade destruction by T cells
because they have high levels of proteins that attach to and
trigger brakes on T cells, stopping them from attacking
the cancer cells. Brakes on the surface of T cells are called
immune-checkpoint proteins.

This knowledge has led researchers to look for ways to
release the brakes on T cells.

As of July 31, 2016, the FDA has approved four
immunotherapeutics that work by releasing brakes on
the immune system for treating certain patients with a
growing array of cancer types (see Figure 16, p. 81). In
March 2011, ipilimumab (Yervoy) was the first of these
agents to be approved, after it was shown to be the first
treatment ever to extend overall survival for patients
with metastatic melanoma (see Figure 15, p. 79) (152).
Ipilimumab targets the immune-checkpoint protein
CTLA-4, protecting it from the proteins that attach to it
and trigger it to put the brakes on T cells.

Nivolumab and pembrolizumab (Keytruda) are the second
and third immunotherapeutics that work by releasing
brakes on the immune system. They target an immune-
checkpoint protein called PD-1, which applies brakes to
T cells after attaching to PD-L1 or PD-L2. Nivolumab
and pembrolizumab work by preventing PD-1 from
attaching to PD-L1 and PD-L2, thereby releasing the
brakes on T cells. They were both approved by the FDA for
treating patients with metastatic melanoma in late 2014.
Longer follow-up of patients enrolled in some of these
clinical trials recently revealed that more than one third

of patients who received nivolumab are still alive 5 years
after starting treatment and that 49 percent of patients
who received pembrolizumab are still alive 2 years after
starting treatment (153). These numbers are extremely
exciting given that the 5-year relative survival rate for
patients with metastatic melanoma diagnosed between
2005 and 2011 was just 17 percent (3).

In 2015, nivolumab and pembrolizumab were both
approved by the FDA for treating certain patients with
advanced lung cancer whose disease has progressed during
or after other treatments. In the case of nivolumab, it was
approved in March of that year for treating patients with
the squamous cell type of NSCLC and in October 2015, for
patients with the more common nonsquamous cell type of
NSCLC, like Donna Fernandez [who was featured in the
AACR Cancer Progress Report 2015 (24)]. These approvals
were based on the fact that in phase III clinical trials,
nivolumab extended overall survival for patients compared
with the cytotoxic chemotherapeutic docetaxel, which
is standard of care for patients with advanced NSCLC
that has progressed during or after initial chemotherapy
(154, 155).

_ DONNA FERNANDEZ  AGE 62

SURVIVING
LUNG CANCER
THANKS TO

IMMUNOTHERAPY
24).

In October 2015, pembrolizumab was approved for treating
patients with advanced NSCLC that has progressed
during or after other treatments. At the same time, the
FDA also approved the PD-L1 IHC 22C3 pharmDx test,
a companion diagnostic for identifying those patients
for whom pembrolizumab is a treatment option—those
whose tumors have the PD-L1 protein on their surface.
These decisions were based on clinical trial results showing
that pembrolizumab treatment led to tumor shrinkage in
more than 40 percent of patients with advanced NSCLC
positive for PD-L1 using the PD-L1 IHC 22C3 pharmDx
test (156). Subsequent results from another clinical trial
showed that the immunotherapeutic improved overall
survival compared with docetaxel (157).

The number of cancer types for which nivolumab is an
FDA-approved treatment option was recently expanded
to include renal cell carcinoma and Hodgkin lymphoma,
providing new hope for patients like Philip Prichard (see p.
84).In November 2015, it was approved for treating patients
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LOOKING FORWARD TO THE FUTURE
THANKS TO NIVOLUMAB

PHILIP PRICHARD

KIDNEY
CANCER

IS THE
SEVENTH
MOST
COMMONLY
DIAGNOSED
CANCER
AMONG

U.S. MEN

AGE 51  MEMPHIS, TENNESSEE

n February 2013, I was told that I had
about 18 months to live because my

kidney cancer had spread throughout

my body. After seeking out a second
opinion at The University of Texas MD
Anderson Cancer Center in Houston, I started
receiving nivolumab (Opdivo) through a clinical
trial. There is now no evidence of cancer in my
body, and I'm looking forward to enjoying life,
building a new company, and traveling the world
with my wife.

My journey with kidney cancer began in
July 2012 when my wife insisted that I go to
the doctor. Thad been really tired and lethargic
for a while, sleeping the weekends away, and
my blood pressure had risen dramatically. But
the deciding factor for my wife was when I saw
blood in my urine.

During the exam, the doctor felt around my
abdomen and said, “That’s not supposed to be
there” He went on to explain to my wife and
me that T had alarge mass on my kidney and I
needed a CT scan immediately. I was in shock,
even more so when the scan confirmed I had
kidney cancer. This all happened on a Monday.
That Friday, I had surgery here in Memphis,
and the surgeon removed my right kidney and
a 3.8-pound tumor.

Tests showed that the tumor was a type of
kidney cancer called renal cell carcinoma.
This finding led my oncologist to start me on
pazopanib (Votrient). Despite this, after I had
recovered from surgery, I felt pretty good and
went back to work.

Then, in November 2012, a routine follow-up
scan showed that the cancer had spread, and
there was a tumor wrapped around my adrenal
gland. We scheduled a second surgery but had
to put it off after I developed a blood clot in my
lung. I'spent 5 days in the hospital over the New
Year being treated with blood thinners.

Once the blood clot had been treated, I was
able to schedule the surgery again. By this time,
it was February 2013. When I woke up from the

operation, all the surgeon would say was, “We
will talk later” I knew things were not good. It
turned out that he hadn’t been able to remove
the tumor because it had spread throughout my
abdomen. It was not just on my adrenal gland
but also wrapped around my vena cava [the
large blood vessel that carries blood back to the
heart] and in my liver.

At this point, my health was deteriorating
rapidly. I waslosing weight and feeling extremely
lethargic. I was down to just 190 pounds and
could barely get around by myself.

It looked as if chemotherapy was my only
option, but it offered me no hope. So my wife
and I decided we would get a second opinion and
went to the University of Texas MD Anderson
Cancer Center in Houston. The doctor there, Dr.
Tannir, confirmed that surgery was notan option
for me but told us about a clinical trial testing a
new drug that would turn on my immune system
to fight the cancer. This new information gave us
some hope, and I had no hesitation in enrolling
in the nivolumab clinical trial.

Istarted receiving nivolumab in March 2013
and was treated every 2 weeks. Within a month
or so, I began feeling better. I was less tired, I
could feel myself getting stronger, and I started
gaining weight. After the first 3 months, scans
showed that the tumors had reduced by 30
percent. This news lifted my spirit. My spirit has
lifted even more with every scan since, because
each one showed that the tumors were shrinking
more and more.

Currently, there is no evidence of disease,
just a little scar tissue in my liver, which I will
have surgically removed in the near future. I
am so healthy that 3 years after I started taking
nivolumab, Dr. Tannir decided that I do not
need to take it anymore.

I'm living proof that immunotherapy works,
and I can't stress enough how much the research
funding thatled to drugs like nivolumab means
to me. Nivolumab gave me hope again. I can live
life and see the future.
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KEY PLAYERS IN THE IMMUNE SYSTEM

White blood cells are the cells of the immune system that work together to protect the body from pathogens.

They can also cooperate to attack and destroy cancer cells. Here, we describe briefly the unique functions of
the white blood cells that have a central role in these processes.

B cells make antibodies that help the immune system function.
Some remain as memory B cells to make the same antibody

again later, if it is needed.
Lo
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CD4+ T cells help manage the immune response.
Some remain as memory T cells to fight again later.

CD8+ T cells kill infected, damaged, and cancer cells.
Some remain as memory T cells to fight again later.

Dendritic cells educate T cells about what kinds of cells
they should and should not attack.
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Macrophages eat foreign materials.
«, Macrophage,

Mast cells release chemicals against pathogens
and stimulate the immune system.

Neutrophils, basophils, and eosinophils release chemicals
against pathogens and stimulate the immune system.
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with advanced renal cell carcinoma that has progressed
despite treatment with at least one antiangiogenic
therapeutic after it was shown to improve overall survival
for patients enrolled in a phase III clinical trial compared
with everolimus, a recommended treatment in this situation
(158) (see Blocking the Blood Supply to Tumors, p. 80).
The approval for Hodgkin lymphoma came in May 2016,
after results from early-stage clinical trials showed that
it caused partial or complete shrinkage of tumors in the
majority of patients with classical Hodgkin lymphoma
that had relapsed or progressed despite treatment with an
autologous hematopoietic stem cell transplant and post-
transplantation brentuximab vedotin (Adcetris) (159).

Hodgkin
lymphoma

is arare type of cancer;
it is expected that there will be

8,500 new cases

of the disease diagnosed
in the United States in 2016.

The fourth immunotherapeutic to be approved by the FDA
that works by releasing brakes on the immune system is
atezolizumab (Tecentriq). Atezolizumab targets PD-L1,
preventing it from attaching to PD-1 and triggering its
brake function. It also prevents PD-L1 from attaching to
and triggering another brake on T cells called B7.1 (160).
In May 2016, atezolizumab was approved for treating
patients with locally advanced or metastatic urothelial
carcinoma that has progressed despite treatment with a
platinum-based cytotoxic chemotherapeutic. The decision

was based on the fact that atezolizumab treatment led to
partial shrinkage or complete disappearance of tumors
for patients enrolled in a phase Il clinical trial (161). This
approval provides tremendous hope for patients with
urothelial carcinoma because atezolizumab is the first
new treatment shown to improve outcomes for patients,
like Dave Maddison (see p. 88), in 30 years.

The spectacular successes highlighted here have
motivated researchers to begin testing these revolutionary
immunotherapeutics as a potential treatment for numerous
other types of cancer. Results are not yet available for
most of these clinical trials. However, initial results show
that nivolumab and pembrolizumab may benefit some
patients with head and neck cancer (162, 163), and that
pembrolizumab may benefit a subgroup of patients with
colorectal cancer (164).

Despite the tremendous achievements, treatment with FDA-
approved immunotherapeutics that work by releasing brakes
on the immune system does not yield remarkable and long-
term responses for all patients. As a result, researchers are
testing various ways to help increase the number of patients
who may benefit from these immunotherapeutics, including
evaluating how well they work in combination. The FDA
approved the first of these combinations, ipilimumab and
nivolumab, in September 2015, after it was shown ina phase IT
clinical trial that adding nivolumab to ipilimumab increased
the percentage of patients with metastatic melanoma to have
tumor shrinkage or disappearance more than five-fold (165).

The concept of combining members of this burgeoning
class of immunotherapeutics with immunotherapeutics
that work in different ways, as well as other types of
anticancer treatments, including radiotherapy, cytotoxic
chemotherapeutics, and molecularly targeted therapeutics,
is also being tested in clinical trials for a wide array of
types of cancer.

Urothelial carcinoma

is the most common type of bladder cancer, which is the

fifth most commonly diagnosed cancer

in the United States (3)

and the

ninth most commonly diagnosed cancer

worldwide ().
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SURVIVING BLADDER CANCER
THANKS TO RESEARCH

DAVE MADDISON \\ AGE 70 \\ BISHOPSTEIGNTON, UNITED KINGDOM

BLADDER
CANCER IS THE
SIXTH MOST
COMMONLY
DIAGNOSED
CANCER
AMONG MEN
WORLDWIDE

was diagnosed with bladder cancer
in February 2009. After 5 years in

which I had three major surgeries and

what seemed like endless months of
radiotherapy and chemotherapy, which made
me really, really sick, I was told to put my
affairs in order. But then, I was offered a spot
in a clinical trial testing an immunotherapy
called atezolizumab (Tecentriq), and 'm now
the picture of health. I start work at 7:15 each
morning and spend my spare time in the garden,
doing jobs around the house, and building
memories with my family.

My journey with bladder cancer started very
suddenly, toward the end of 2008, when I noticed
my urine was bright red. It was a huge shock,
and I immediately made an appointment with
my physician. About 8 weeks later, after lots of
poking, prodding, tests, and scans, I was told that
Thad a tumor on the tube [ureter] that connected
my right kidney to my bladder.

I'was filled with fear. Fear of suffering, fear of
pain, and fear of dying.

After a9 % hour surgery to remove the tumor
and my right kidney, the doctors told me there
was no sign that the cancer had spread and that
I didn’t need to have chemotherapy.

But 6 to 8 months after the surgery, a follow-
up scan showed that a tumor had developed
where the kidney had been removed. So my
oncologist started me on a 4-month course of
chemotherapy—gemcitabine and cisplatin. The
day after my first infusion, I collapsed at home
and had to be taken to the hospital, as I was so
sick. That was just the first day of 4 months of hell.
Icouldn’t keep food down, one particular brand
of grapefruit juice made up about 60 percent of
my diet, I had extreme constipation, and my
quality of life was about 15 percent of normal.

Over the next few years, I had radiotherapy
and more chemotherapy in an effort to keep my
cancer at bay. But by February 2014, T had 11
tumors in my body, nine in my right lung, one
in my lymph system above my stomach, and
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the primary tumor in my pelvis, which was the
size of a grapefruit. My oncologist told me there
was nothing more she could do and that T had
8 months to a year left to live.

To make sure she left no stone unturned, she
referred me to another oncologist who she said
would know about all the oncology clinical trials
being conducted. I saw him 2 months later,
and he connected me with Professor Thomas
Powels at Barts Cancer Institute in London
who he said had a clinical trial that would be a
perfect fit for me.

After speaking with Professor Powels, I
jumped at the 50/50 chance of living he said
that the trial offered me. I've been receiving
atezolizumab through the trial for the past 2 ¥
years. I go to London every 3 weeks fora 1-hour
infusion of the immunotherapy, and I've never
had a single side effect, except a little fatigue in
the afternoon.

After just nine infusions of atezolizumab, the
doctors could no longer see 10 of my 11 tumors,
and the primary tumor in my pelvis had shrunk
to the size of a thumbnail. I was later offered
the chance to stop taking atezolizumab, but I
chose to continue with it. Why would I want to
stop when it has turned my life around? Before
I started taking atezolizumab, I was preparing
for death. Now I can’t get enough of life, and
I'm so thankful to have been given the chance
to share moments with my grandson that by
all predictions should not have been possible.

For me, enrolling in the atezolizumab clinical
trial was my last chance for life, and I got it.
Today, I try to give back by telling my story.
I speak to a lot of people at Barts who are
considering a clinical trial. I tell them about
my experience and answer their questions.

Talso share my experience because I knowIam
the lucky beneficiary of research. Atezolizumab
only came about because of immunotherapy
research and the hard work and money that
supported it, and I have no doubt research saved
my life.




The U.S. multiple myeloma
incidence rate has risen about 0.7%
each year for the past 2 decades ).

Directing the Inmune System to Cancer Cells

Before an immune cell can destroy a cancer cell, it must find
it. Many therapeutic antibodies that have been approved by
the FDA for treating patients with a wide range of cancer
types (see Supplemental Table 2, p. 131) work, at least in
part, by helping immune cells find cancer cells. The most
recent additions to this group of immunotherapeutics are
daratumumab (Darzalex) and elotuzumab (Empliciti),
which were both approved by the FDA in November 2015 for
treating patients with multiple myeloma that has progressed
despite treatment with a number of other therapeutics.

Multiple myeloma is one of the most commonly diagnosed
hematological malignancies, or blood cancers, in the
United States, with 30,330 new cases expected to be
diagnosed in 2016 (3). In recent years, the development
and FDA approval of new therapeutics—including
proteasome inhibitors like bortezomib and carfilzomib
and immunomodulatory agents like lenalidomide—have
improved outcomes for patients like Congressman Bob
Carr, who was featured in the AACR Cancer Progress Report
2012 (87). Despite the advances, many patients whose
disease initially responds to the new therapeutics eventually
relapse owing to treatment resistance.

CONGRESSMAN M. ROBERT CARR AGE 73

SURVIVING
MULTIPLE
MYELOMA
THANKS TO
CANCER
RESEARCH ).

Daratumumab works by attaching to a protein called CD38,
which is found at high levels on the surface of myeloma cells.
This attachment has several effects on the myeloma cells,
most notably flagging them for immune cells, which upon

attaching to another part of daratumumab are triggered to
destroy the myeloma cells. Daratumumab was approved by
the FDA after it was shown in early-stage clinical trials to
lead to tumor shrinkage or disappearance in a significant
number of patients whose multiple myeloma had relapsed
despite several other treatments (167). It is hoped that
future studies will reveal that the immunotherapeutic also
extends survival for patients.

Elotuzumab attaches to another protein that is found at
high levels on the surface of myeloma cells, SLAM7F. This
protein is also found at high levels on immune cells called
natural killer cells (see sidebar on Key Playersinthe Immune
System, p. 86). Elotuzumab has distinct effects on myeloma
cells and natural killer cells after attaching to SLAM7F on
their surfaces, thus providing a two-pronged attack on
multiple myeloma. It directly activates natural killer cells,
enhancing their ability to kill myeloma cells, and it flags
myeloma cells for a number of immune cell types, which
once directed to the myeloma cells, attack and destroy them.

Elotuzumab was approved for use in combination with
lenalidomide and dexamethasone for treating patients
who have multiple myeloma that has worsened despite
treatment with other therapeutics. This decision was
based on phase III clinical trial results, which showed that
adding elotuzumab to lenalidomide and dexamethasone
significantly increased the number of patients who had
their tumors shrink or disappear, as well as the time before
disease progressed (168).

These approvals, together with the November 2015
approval of ixazomib (see sidebar on Recent Advances
Against Multiple Myeloma, p. 78), have provided patients
with multiple myeloma, like Stephen Herz (see p. 92), not
only new treatment options, but also new hope.

Boosting the Killing Power

of the Inmune System

Another approach to cancer immunotherapy is to enhance
the ability of T cells to eliminate cancer cells. If we use
the analogy of a car, this approach is like stepping on the
accelerator, and it can be done in a number of ways (see
sidebar on How Immunotherapeutics Work, p. 82).

One form of immunotherapy that appears to work, in
part, by boosting the killing power of the immune system
is oncolytic virotherapy. Oncolytic viruses are viruses,
which may or may not be genetically modified in some
way, that can infect and destroy cancer cells. As the cancer
cells are destroyed, they release molecules that can trigger
immune cells that have the natural potential to destroy
yet more cancer cells. These immunotherapeutics are
injected directly into patients’ tumors, rather than being
given orally or by intravenous infusion.

90
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More than

0

4%

of the U.S. population
are cancer survivors.

In October 2015, the first oncolytic virotherapeutic,
talimogene laherparepvec (Imlygic), was approved by the
FDA for the treatment of melanomalesions in the skin and
lymph nodes that cannot be removed completely by surgery.

The new immunotherapeutic, which was called T-Vec
during development, is a herpes simplex virus (HSV) type
1 that has been genetically modified in a number of ways
so that it is less able to cause disease, is more selective for
cancer cells, and is more likely to promote an anticancer
immune response. One of these modifications is the
addition of a gene that provides the instructions for making
an immune system-boosting factor called GM-CSE.

The exact way in which T-Vec works has not been
definitively determined by researchers and remains an
area of active investigation. However, it appears that
after injection directly into melanoma lesions, T-Vec
enters cancer cells, where it multiplies and promotes the
production of GM-CSE As it multiplies, T-Vec causes the
cancer cells to rupture and die. Rupturing cancer cells
release GM-CSF and cell contents that together can boost
the killing power of the immune system.

T-Vec was approved after it was shown in a phase III
clinical trial to significantly increase the number of patients
who had skin and lymph node melanoma lesions shrink
or disappear compared with GM-CSF (169). Even though
T-Vec has not been shown to improve overall survival or
to have an effect on melanoma that has spread to other
parts of the body; it provides patients like Bob Ribbans
(see p. 94) 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, more than
15.5 million U.S. adults and children with a history of
cancer were alive on Jan. 1, 2016, compared with just 3
million in 1971, and this number is projected to rise to
20.3 million by Jan. 1, 2026 (4, 169).

Each of these people 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 cancer treatment
was discussed in the previous three sections of the
report (see Treatment With Surgery, Radiotherapy,
and Cytotoxic Chemotherapy, p. 61, Treatment With
Molecularly Targeted Therapeutics, p. 67, and Treatment
With Inmunotherapeutics, p. 81). Here, the discussion
focuses primarily on other 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 (see sidebar on
Life After a Cancer Diagnosis in the United States, p. 96).

Each phase of cancer survivorship is accompanied by a
unique set of challenges. Moreover, the issues facing each
survivor vary, depending on many factors, including
gender, age at diagnosis, type of cancer diagnosed, general
health at diagnosis, and type of treatment received.
Survivors of cancer diagnosed during childhood or
adolescence (ages 0-19), like Jameisha (Meisha) Brown,
[who was featured in the AACR Cancer Progress Report
2014 (1)], are particularly at risk for critical health-related
problems because their bodies were still developing at
the time of treatment (see sidebar on Surviving a Cancer
Diagnosis as a Child or Adolescent, p. 97). In addition,
those diagnosed with cancer as adolescents (ages 15-19)
and young adults (ages 20-39) have to adapt to long-term
cancer survivorship while beginning careers and thinking
about starting families of their own.

JAMEISHA (MEISHA) BROWN AGE 26

18-YEAR
CHILDHOOD
CANCER
SURVIVOR AND
CANCER HEALTH
DISPARITIES
RESEARCHER o).

Importantly, it is not just cancer survivors who are affected
after a cancer diagnosis, but also their caregivers, and this
population is growing proportionally with the number
of cancer survivors. Caregivers are at risk for poor health
outcomes, and this is often compounded by the fact thata
subset of caregivers are already cancer survivors themselves.

AMERICAN ASSOCIATION FOR CANCER RESEARCH
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BEATING MULTIPLE MYELOMA
THANKS TO IMMUNOTHERAPY

STEPHEN (STEVE) HERZ

ince my multiple myeloma relapsed in
2010, I have participated in a clinical trial
testing an immunotherapeutic called
elotuzumab (Empliciti) together with
lenalidomide (Revlimid) and dexamethasone. The
experience is so different from the one I had when
I was initially treated 17 ¥ years ago. Back then, I
could barely leave the house for 3 years. Now, L have
days when I can easily walk the 5-mile round trip to
Fire Island Lighthouse on Long Island.

My long journey with cancer began in February
1998. I was trying to teach my daughter to figure
skate. It was our first time out on the ice together,
and I fell, breaking my hip into 17 pieces.

Shattering your hip into 17 pieces is not something
that is supposed to happen to a 43-year-old man. So,
while I was in the hospital having my hip screwed
back together, the doctors ran a number of tests and
discovered that I had stage 3 multiple myeloma. I
had lytic bone lesions in several of my neck and
back vertebrae and in my skull. I put my diagnosis
down to being exposed to radiation when I was on
abusiness trip to the town next to Three Mile Island
during the accident in 1980.

Back when I was diagnosed, there was no
standard treatment for multiple myeloma. My local
hospital first put me on vincristine, doxorubicin
(Adriamycin), and dexamethasone. But that
chemotherapy regimen gave me serious heart
problems, and after a month, they switched me to
cyclophosphamide.

I was so sick that in May, the doctors told me I
would be dead by Thanksgiving.

I was not satisfied with that answer and began
looking for a second opinion. I ended up seeing Dr.
Ken Anderson at Dana-Farber Cancer Institute. Dr.
Anderson gave me a 5-year plan and told me, “If
we can’t cure you, we'll come up with the next best
thing to keep you going until we find something
that will give us a positive result”

I had a stem cell transplant on November 13,
1998. The high-dose chemotherapy and total-body
radiation that preceded the transplant were brutal.
My immune system was decimated, and I had to
have all my routine childhood vaccinations again

to rebuild my immune system. Life was extremely

AGE 61

tough for 3 years, but 'm glad I did it.

After that, the only treatment I received until
2010 was thalidomide, in 1999, for some lytic bone
lesions in my shoulder and pamidronate (Aredia)
to strengthen my bones.

Then, in 2010, when I was helping out one of the
patients that Dr. Anderson had asked me to mentor
by driving him to Dana-Farber for treatment, I
thought it would be a good time to have my blood
checked because I had not had it done for a couple
of years. Three days later, the doctor, Dr. Paul
Richardson, called and said, “We have a problem.

I was back where I had started, with stage 3
multiple myeloma.

Dr. Richardson told me that treatment had
changed alot since my initial diagnosis and suggested
I consider a clinical trial for an immunotherapy
called elotuzumab. He explained that the drug would
use my immune system to kill the cancer cells and
that it was nothing like the radiation, chemotherapy,
or stem cell transplant I had previously received.
I trusted him implicitly and enrolled in the trial.

For the first 2 years, my M-spike, which is
how the doctors keep track of how my disease is
responding to treatment, kept going up and down.
Then, in 2012, Dr. Richardson added intravenous
immunoglobulin to my treatment plan, and my
M-spike started falling. Last summer, it was so low
that they did abone marrow biopsy to see what was
going on. They couldn’t find any trace of cancer.

I'm currently taking a break from 73 months
of treatment with elotuzumab, lenalidomide,
and dexamethasone to give my body a rest. My
M-spike numbers are staying low; and it seems that
elotuzumab really did get my immune system to
kill off the cancer cells.

I consider myself very blessed in so many ways
and I want to give back. When I was diagnosed with
multiple myeloma, the only person Thad heard of who
had the disease was Lenny Zakim. So I was delighted
when Dr. Anderson asked me to bea mentor to other
patients. It has given me a chance to help others
navigate the disease. We have the tools to treat this
devastating disease and give patients a better quality
of life, as well as the realization that the diagnosis

of multiple myeloma is no longer a death sentence.

ITIS ESTIMATED
THAT 30,330
NEW CASES

OF MULTIPLE
MYELOMA WILL
BE DIAGNOSED
IN THE UNITED
STATES IN 2016

WEST BABYLON, NEW YORK
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LIVING WITH CONFIDENCE
AFTER MELANOMA THANKS TO T-VEC

t the end of 2009, when my
melanoma spread to new areas
of my skin, I felt like I was out of
options. But my wife refused to give
up and found out about a clinical trial testing a
new type of treatment, an immunotherapy that
is injected into individual melanoma lesions.
I jumped at the chance to enroll in the trial,
and thankfully, it was a success for me. As far
as ’'m concerned, I'm cured. I feel so confident
that I'm hoping to be around to hold my great-
grandchildren in my arms; my grandsons are
still only 13 and 10.

Thave spent most of mylife outdoors. Iwas in the
golf course industry for 36 years and worked on
our farm in my spare time and since my retirement
in 2006. I never wore a hat, and I'm sure that is
one reason why I developed melanoma. Since my
diagnosis, I always wear a hat and take great care
to protect my skin from the sun.

It all started in the summer of 2008 when I
noticed a scab on the top of my head. It wouldn’t
go away, so my wife encouraged me to see a
dermatologist. I had a biopsy done at my first
appointment, and it was just days later that I got
a call from the dermatologist who told me that I
had melanoma.

I didn’t know much about melanoma—I knew
it was skin cancer, but that was all. limmediately
started looking on the internet for the cure for
melanoma. I couldn’t find one, and that was when
I realized how serious things were.

My wife and I looked at my options, and we
decided together that I would go to Memorial
Sloan Kettering Cancer Center in New York for
treatment. I had surgery to remove the melanoma
lesions on my head and the surrounding skin.
During the surgery, they removed an area of
skin that was about 4 inches in diameter, but
they covered that with a skin graft taken from
the inner part of my left thigh.

Less than a year later, some melanoma lesions
appeared inside the skin graft. Surgery was not
an option, so I had radiation treatment. I went
three times over a 6-week period. The lesions
disappeared.

BOB RIBBANS  AGE 67
Six months later, however, four melanoma
lesions appeared on my forehead, outside the
area of radiation.

At this point, the doctor told me there were no
localized treatment options; chemotherapy was
my only choice. Fortunately, my wife, who works
in the area of drug approvals, learned about a
clinical trial at St. Luke’s University Hospital in
Bethlehem, Pennsylvania, through a business
acquaintance. The trial was testing a new local
treatment for melanoma called T-Vec (Imlygic).

We immediately made an appointment with the
doctor at St. Luke’s, and 3 weeks later, by which
time two more lesions had appeared, I received
my first treatment with T-Vec. Iwent for treatment
every 2 weeks from January 2010 to April 2010.
Each time, the T-Vec was injected directly into
each melanoma lesion. At the end of that time,
all of the lesions had disappeared.

One reason I am confident that my treatment
with T-Vec was successful is that about 2 months
after my final injections, I felt alump on my neck
the size of a dime. It was a lymph node, and a
biopsy showed that although there were some
viable melanoma cells present, most of the
melanoma cells present were dead.

The T-Vec injected into the lesions in my skin
had activated my immune system such that it could
attack the melanoma in my lymph node. Erring on
the side of caution, my doctors suggested I have
several injections of T-Vec into the melanoma
lesions in my lymph node. When a follow-up
biopsy found all the melanoma cells were dead, I
had the lymph node surgically removed.

Since then, I've been free of melanoma. I do
have CT scans every 6 months and see my local
dermatologist and the dermatologist at St. Luke’s
every 6 months, but my health is good. I feel very
blessed to be around and credit the incredible
support from my wife. During my experience,
she was a huge pillar to lean on. She had every
confidence in the world that T-Vec was going to
work, and it has. I couldn’t be more thankful for
her support or more grateful for the research and
clinical trial that led me to T-Vec because without
it, Iwould not be here.

RINGOES, NEW JERSEY

THE NUMBER
OF NEW
MELANOMA
CASES
DIAGNOSED
EACH YEARIN
THEU.S. WILL
RISE FROM
65,647 IN 2011 TO
112,000 IN 2030
IF CURRENT
LIRS

CONTINUE

©
Vers laMdfc/;@



®® | couldn’t be more ... grateful for the research and clinical trial
that led me to T-Vec, because without it, | would not be here. 59




LIFE AFTER A CANCER DIAGNOSIS
IN THE UNITED STATES

When an individual becomes a cancer survivor, his or her life is changed irrevocably. Cancer survivors often
face serious and persistent adverse outcomes, including physical, emotional, psychosocial, and financial
challenges, as a result of the cancer diagnosis and treatment.

Among the challenges experienced from the time from diagnosis to the end of initial treatment are (170):

managing side effects of cancer

choosing a physician(s) choosing among a variety of and cancer treatment, many
and treatment facility; treatment options; and of which persist long term.

Many challenges experienced by cancer survivors begin during cancer treatment and continue long term,
but others can appear months or even years later. These long-term and late effects include, but are not limited to (170):

bone density loss (osteoporosis); INFERTILITY  infertility;

cognitive impairment, sometimes lung (pulmonary) damage;
known as “chemo brain”;

lymphedema: swelling, most
often in the arms or legs, that
can cause pain and problems in
functioning;

diagnosis with a new
form of cancer(s);

distress, which can interfere with

DISTRESS aperson’s ability to cope effectively
with cancer and its treatment;

pain;

not relieved by rest;

recurrence of

FEAR fear of cancer recurrence; original cancer; and
3

‘1 i
premature
FATIGUE fatigue that is severe and often aging;

" heart damage (cardiotoxicity); DYSSFELj(liIJéII'_I ON sexual dysfunction.

Although all cancer survivors face challenges, some segments of the population experience more
than others (see sidebar on Surviving a Cancer Diagnosis as a Child or Adolescent, p. 97).

Adapted from (1)
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Optimizing Quality of Life Across

the Continuum of Cancer Care

In recent years, numerous changes have been made across
the continuum of cancer care in an effort to improve the
quality oflife of people who are receiving cancer treatment
or living long term with no evidence of disease. Many
efforts have focused on reducing the risk of long-term
and late effects of treatment, and a recent study found
that these changes are bearing fruit for survivors of cancer
diagnosed in childhood (173). The researchers found that
far fewer survivors were dying as a result of late effects of
cancer treatment, such as a second cancer or heart disease,
compared with 3 decades ago.

Among the changes in treatment that are helping to reduce
the short-term effects of treatment as well as the long-
term and late effects of treatment, and thereby improve
quality of life for the duration of the patient’s life, is the
increasing development and use of molecularly targeted
therapeutics (see Treatment With Molecularly Targeted
Therapeutics, p. 67). Because these anticancer therapeutics
more precisely target a patient’s cancer compared with
cytotoxic chemotherapeutics, this has helped reduce the
adverse effects of treatment for some patients.

Researchers are also looking for ways to increase the
precision with which we use radiotherapy and cytotoxic
chemotherapy to achieve maximal patient benefit with
minimal harm. One promising approach is to use genomics
to more precisely distinguish those patients with a given
type of cancer who need aggressive treatment from those
who would not gain benefit from it. To this end, in one
recent phase III clinical trial, the use of a 70-gene signature
MammaPrint genetic test identified 46 percent of a group
of patients with early-stage breast cancer traditionally
classed as at high risk for disease recurrence as unlikely to
benefit from adjuvant cytotoxic chemotherapy (cytotoxic
chemotherapy given after surgery) (173). In this case, the
use of a genetic test has the potential to spare many patients
from an aggressive treatment they will not benefit from.

One approach that can be used across the continuum of
cancer care to improve the quality oflife for patients and
their families is palliative care (see sidebar on Palliative
Care, p. 98). Palliative care can be given throughout a

About

3%
of cancer survivors in the United
States received their cancer
diagnosis as a child or adolescent

(ages 0-19) qs).

patient’s experience with cancer, beginning at diagnosis and
continuing through treatment, follow-up, survivorship,
and end-of-life care. The goal is not to treat the patient’s
cancer but to provide an extra layer of care that prevents
or treats the symptoms and adverse effects of the disease
and its treatment, as well as addresses the psychological,
social, and spiritual challenges that accompany a cancer
diagnosis. Thus, palliative care specialists are trained to
manage patient concerns such as anxiety, pain, nausea,
vomiting, fatigue, difficulty sleeping, loss of appetite, and
how to navigate the health care system.

A

SURVIVING A CANCER
DIAGNOSIS AS A CHILD
OR ADOLESCENT

of cancer

380,000 E

by the age of 19, when they were a child or
adolescent, were alive on Jan. 1, 2010 (18).
Individuals in this group face long-term physical
and emotional health challenges. For example:

Almost 380,000
survivors

98 percent of
adult survivors
9 8 % of childhood
cancer have one
or more chronic
health conditions and 68 percent have severe/
disabling or life-threatening conditions (171).

5 percent of
survivors of
a cancer
diagnosed

in childhood
develop a second cancer between 5 and 30 years
after their initial diagnosis (172).

5%

The Children’s Oncology Group “Long-Term
Follow-Up Guidelines for Survivors of Childhood,
Adolescent, and Young Adult Cancers” were
developed to help standardize and enhance the
lifelong follow-up care of individuals who were
diagnosed with cancer as a child, adolescent,

or young adult. For more information, see
http://survivorshipguidelines.org/.

Adapted from (24)

AMERICAN ASSOCIATION FOR CANCER RESEARCH

97



Research shows that in addition to increasing quality of
life, providing palliative care administered by a specialist
palliative care team to patients who are being treated for
cancer can also improve survival and that the sooner
palliative is initiated after a cancer diagnosis, the more
patients benefit (175, 176). Moreover, a recent study found
that family caregivers of cancer patients who received
palliative care had a better quality of life and fewer
symptoms of depression compared with family caregivers
of those patients who did not receive palliative care (176).

Despite the growing evidence that specialist palliative care
has tremendous benefits for patients with cancer and their
families, there is a need for additional carefully designed
clinical trials to more clearly determine the best time to
initiate palliative care after a cancer diagnosis and the best
way to deliver the care to achieve the maximum benefit for
patients and their families (177). Two ongoing randomized
clinical trials, which recently reported early data indicating
that integrating specialist palliative care during the early
stages of cancer care improved quality of life, should help

|

WHAT IS PALLIATIVE CARE?

Itis specialized care that provides an extra layer of support to patients with serious illnesses such as cancer and their families.

It is not the same as hospice care, because it can be given throughout a patient’s experience with cancer,
beginning at diagnosis and continuing through treatment, follow-up, survivorship, and end-of-life care.

It can be given in addition to cancer treatment or to those with no curative treatment options;
palliative care given near the end of life is usually referred to as hospice care.

Palliative care addresses many of the challenges that can affect quality of life after a cancer diagnosis, including:

- emotional challenges such as anxiety and depression;

- physical symptoms and adverse effects of the disease and its treatment,
such as pain, nausea, vomiting, fatigue, difficulty sleeping, and loss of appetite;

- practical challenges such as navigating the health care system; and

- spiritual challenges.

WHO PROVIDES PALLIATIVE CARE?

Any health care provider can provide primary palliative care by addressing the adverse effects
and emotional issues facing a patient with cancer, but some specialize in this area of patient care.

Palliative care specialists usually work as part of multidisciplinary team that includes doctors,
nurses, registered dieticians, pharmacists, social workers, psychologists, and chaplains.

The palliative care team works alongside the physicians treating the patient’s cancer.

WHO CAN RECEIVE PALLIATIVE CARE?

Any patient diagnosed with a serious illness, such as cancer, including children.

The family members and friends of a patient diagnosed with a serious illness can receive palliative care

to help provide them the support they need.

WHERE CAN PATIENTS RECEIVE PALLIATIVE CARE?

Palliative care is most widely available in hospital settings, but a team can also provide it at home,

over the phone, or in an outpatient clinic.
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provide insight in this regard (179, 180). Moreover, it is
imperative that we increase awareness among both the
general public and health care providers of the important
role that palliative care can play across the continuum of
clinical cancer care, because there are still many patients who
do not receive palliative care or even know what it is (180).

Hairlossis one adverse effect of treatment with many cytotoxic
chemotherapeutics that has been reported to negatively affect
quality of life, especially for women with breast cancer (181).
In December 2015, the FDA approved a medical device to
help address this quality of life issue for women being treated
with cytotoxic chemotherapeutics after a breast cancer
diagnosis. The device, which is called the Dignitana DigniCap
Cooling System, is worn by the patient while chemotherapy
is administered. The cap cools the scalp, which is thought to
reduce hair loss in two ways: First, by reducing blood flow to
the scalp, which reduces the amount of chemotherapy that
reaches cells in the hair follicles (hair roots) and second, by
slowing down multiplication of cells in the hair follicles, which
makes them lessaffected by chemotherapy. The cooling system
was approved after it was shown to be effective at reducing
hair loss in numerous clinical trials (183).

Some forms of complementary and alternative medicine
have been shown to improve quality oflife for patients with
cancer. For example, studies have shown that yoga, yoga
breathing, acupuncture, and ginger reduce certain adverse
effects of chemotherapy and radiotherapy, including fatigue,
nausea, sleep disturbance, anxiety, and joint pain (184-187).
In addition, relaxing acupressure was recently shown in a
large randomized clinical trial to reduce fatigue and improve
sleep quality and quality of life among patients with breast
cancer who had completed cancer treatment (187). Other
forms of complementary and alternative medicine have
not been well studied, so we do not know if they are safe or
effective. Despite this, a recent study showed that U.S. out-
of-pocket spending on complementary health approaches
reached $30.2 billion in 2012 (188). Thus, it is clear that there
is an urgent need for more research in this area.

Modifying Behaviors to Improve Outcomes

A major concern for all cancer survivors who successfully
complete their initial treatment is whether their cancer will
return or cause their death. Many factors related to lifestyle
that increase a person’s risk of developing cancer can also
increase risk of cancer recurrence and reduce survival
time (see Figure 3, p. 24). Thus, modifying behaviors to
eliminate or avoid these risk factors can improve outcomes
and quality of life for cancer survivors.

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 (34). Even in the face of this
knowledge, a recent study found that 9 percent of cancer
survivors continue to smoke (190). Therefore, enhanced

According to the NCI:

Complementary
medicine

refers to treatments that are used
alongside standard medical
treatments, but they are not
themselves considered standard
treatments, for example, using
acupuncture to help reduce
some of the adverse effects
of cancer treatment.

Alternative
medicine

refers to treatments that
are used in place of standard
medical treatments.

provision of cessation assistance to all patients with cancer
who use tobacco or who have recently quit smoking is
urgently needed, as is further research to improve our
understanding of how best to help individuals quit (191).

In addition to adversely affecting outcomes for patients with
cancer, tobacco use is an important source of variation in
cancer treatment clinical trials (191). Despite the fact that
tobacco use has the potential to affect both how a patient
might respond to the treatment being tested and the ability
of researchers to interpret the results of the trial, a trial
participant’s tobacco use and possible exposure to secondhand
smoke are often not recorded. Toaddress this issue, researchers
have developed a new tool that they hope willbe routinely used
by clinical trialists to help us gain a clearer understanding of
the significance of tobacco use and cessation in clinical trials
and for cancer patients more broadly (191).

Evidence is also beginning to emerge that regular aerobic
exercise can reduce recurrence and mortality in survivors
of early breast, prostate, and colorectal cancers (192). More
recently, clinical trial results showed that breast cancer
survivors who participated in a weight training program had
increased muscle strength and experienced less deterioration
of physical function (194, 195). This finding 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. However,
more research is required to confirm these observations
and fully understand whether and how changes in physical
activity after diagnosis might affect outcomes.
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ANTICIPATING FUTURE PROGRESS

In this section you will learn:

* The more we know about the biology of cancer and the individual in whom it occurs,
the more precisely we are able to prevent, detect, diagnose, and treat cancer.

» Research, in particular cancer genomics research, will continue to revolutionize cancer
treatment, including expanding the more precise use of existing therapies.

» Developing an even more comprehensive, whole-patient understanding of cancer
will accelerate the pace of progress toward precision cancer prevention.

We have made significant advances against cancer, with
many more people living longer and leading fuller lives
after a cancer diagnosis than ever before. Even with this
progress, however, it is estimated that in 2016 alone,
more than 1.68 million U.S. residents will receive a
cancer diagnosis, and more than 595,000 will die from
the disease (3).

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 @9s).

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 a9s).

Despite this enormous burden of cancer, many researchers,
including AACR President (2016-2017) Nancy E.
Davidson, MD (see p. 102), think the future is bright and
that through research, we will be able to power more
advances against cancer.

Research is the foundation on which progress against
cancer has been and continues to be made. We have found
that the more we know about the biology of cancer and
about an individual, the more precisely we are able to
prevent, detect, diagnose, and treat cancer for that person.
Thus, it is clear that more research that provides us with an
even more comprehensive understanding of the biology of
cancer and its causes is required if we are to make future
lifesaving progress.

Recently, 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
because the pace of progress in these areas is expected to
accelerate further.

As discussed in Biomedical Research (see p. 48), however,
if we are to efficiently analyze and use the explosion of
information generated by cancer genomics research
to identify new therapeutic targets and novel genomic
signatures of therapeutic response or prognosis, it will be
essential to more fully engage computational biology and
bioinformatics researchers who can help convert these
data into knowledge. Additionally, further progress will
be made by rapidly developing and incorporating new
research technologies across the entire biomedical research
cycle (see sidebar on CRISPR 101, p. 101).
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One use of cancer genomics research is to identify genomic
signatures that identify which patients are likely to respond
to a particular treatment. One area where this holds
immense promise is immunotherapy (see Treatment
With Immunotherapeutics, p. 81), in particular, the
use of immunotherapeutics that work by releasing the
brakes on the immune system, where markers predictive
of response have been challenging to identify. One study
highlighting the exciting potential of this approach showed
that the presence of certain genetic mutations in colorectal
cancers predicted response to pembrolizumab (164) and
led to the FDA granting pembrolizumab breakthrough
therapy designation for use in these patients. Several other
studies have used large-scale genomics to identify genetic
signatures of melanoma response to ipilimumab (198, 199),
although these are early studies that need further validation
before the results can be translated into the clinic.

Cancer genomics is not the only research discipline that has
the potential to pinpoint new markers that identify which
patients are likely to respond to a particular treatment. A
number of preclinical studies have shown that the bacterial
species in the intestinal microbiota—the microbes that
naturally colonize the intestines—of mice influences the
anticancer efficacy of cytotoxic chemotherapeutics and
immunotherapeutics (200, 201). Whether the intestinal
microbiota have similar effects on the efficacy of anticancer
therapeutics in humans has yet to be determined, but if it
does, it raises the possibility that manipulating a patient’s
microbiota may modulate the response of his or her cancer
to some types of treatment.

Preclinical research has also shown that one way in which
the intestinal microbiota can influence the immune system
in mice is through the metabolites produced by the bacteria
(202). Metabolites are the breakdown products of larger
nutrient molecules. Thus, metabolomics, which is the
simultaneous study of as many metabolites in a biological
system of interest as possible, such as the blood, urine or
atissue sample, is an area of interest as researchers look
for clues to understanding how the intestinal microbiota
might influence the response to anticancer therapeutics.

Because the way in which normal cells and tumor cells
convert or use energy is often different, metabolomics
also has the potential to improve our understanding of
cancer biology; to identify markers for cancer detection,
diagnosis, and monitoring of treatment response; and to
open new avenues of investigation for cancer prevention,
detection, diagnosis, and treatment (203).

As our knowledge of cancer biology grows, it is becoming
increasingly clear that we cannot study cancer in isolation.
We need to know more about the whole person in which
the cancer has developed. Nowhere is this more apparent

CRISPR 101

Investigating the effects of changing, or editing,
the genetic material of a cell is an important
part of biomedical research. It is particularly
vital during the discovery phase of biomedical
research and in therapeutic development

(see Figure 9, p. 49).

N CRISPR s a revolutionary
approach to gene editing

\ that has emerged in the past
\ 2 or 3years (197).

It provides a faster and more ‘
precise and efficient approach

to gene editing compared with

previous technologies.

The development of CRISPR
technology was based on
research into the immune
system of certain species

of bacteria.

CRISPR technology is being

used by researchers throughout .
the biomedical research
community in numerous ways
and is being investigated

as a potential way to treat s
certain genetic diseases and

to modify certain approaches w

to immunotherapy.
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than in the emerging area of precision prevention (see
Figure 2, p. 22). Precision prevention is a conceptual
framework that aims to tailor cancer prevention to the
individual patient by accounting for the various factors
that may play a role in developing a particular cancer
(26). As we develop an even more comprehensive, whole-
patient understanding of the way in which cancer starts,
progresses, and results in disease, we can expect to see an
acceleration in the pace of progress in precision cancer
prevention.
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us; the momentum couldn’t be greater. 79



FUTURE PROGRESS WILL COME FROM NEW INSIGHTS
ABOUT CANCER DISCOVERED BY A DIVERSE NEXT-
GENERATION CANCER RESEARCH WORKFORCE

NANCY E. DAVIDSON, MD = AACR PRESIDENT, 2016-2017
DIRECTOR, UNIVERSITY OF PITTSBURGH CANCER INSTITUTE, PITTSBURGH, PENNSYLVANIA
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ver the course of my career, cancer
mortality in the United States

has dropped about 1 percent

each year. It is impossible to
identify one thing that has single-handedly
contributed to this decrease in the burden of
cancer. Rather, the inroads we have made are a
result of advances across the spectrum of cancer
research from genetic testing to targeted therapy
to smoking cessation.

Everything we know today about how to take
care of people with cancer is built on decades
of research. Today’s research is the foundation
for tomorrow’s standard therapy.

Research has led to so many improvements
in treatment, including new systemic therapies,
new targeted therapies, new immunotherapies,
new surgical techniques, and new approaches
to radiotherapy. All of these have been vital in
reducing the burden of cancer.

Nor should we forget the importance of early
detection and prevention strategies as simple
as smoking cessation, which is the single most
important action we can take to reduce the
burden of cancer moving forward.

In cancer, I think that sometimes we have been
accused of overpromising and underdelivering.
This is something we must avoid. But I believe
that if we took the fruits of our knowledge—what
we know today—and put those into practice
right now for all individuals across our globe,
we would make an immediate and incredible
impact on the burden of cancer.

Despite the great progress we have made
against cancer, the number of people receiving a
cancer diagnosis each year in the United States
is expected to rise over the coming decades
because of a growing and aging population.
We must strive to do better for these individuals.

Going forward, it would be naive of us to think
that a single discovery is going to make all the
difference because cancer is such a complex
collection of diseases. Nonetheless, I think that

over the next few years, we will see a continuing

refinement of the way we use precision medicine
to select targeted therapies, improve the way that
we apply immunotherapy, and refine surgical
and radiotherapeutic techniques. I am certain
these areas will play a substantial role in cancer
therapy over the next few years.

Over thelong term, I truly believe that we are
going to see the impact of early detection and
cancer prevention strategies increase, and that
we will be able to come to the point where we can
enable the concept of personalized screening
and personalized cancer prevention.

However, continued progress is going to
require a sustained federal commitment to the
research agenda. To that end, we are very grateful
to President Obama and Vice President Biden
for putting cancer and cancer research on the
map again in the way that they have with the
National Cancer Moonshot Initiative. This is an
amazing time scientifically for us; the momentum
couldn’t be greater. So, we are delighted that they
have been able to galvanize attention about the
importance of cancer research. Of course, we
hope that ultimately, this will translate into the
crucial resources that are going to be required in
order to make an even bigger difference against
the complex diseases we call cancer.

Itis myhope that the momentum created by the
National Cancer Moonshot Initiative will energize
today’s cancer researchers and also galvanize
early-career investigators to come into the field.
It is clear that we will not solve the problem of
cancer in the next several years. So, it is absolutely
critical that we bring to bear our most important
resource, early-career investigators from across
all scientific disciplines with brilliant new ideas.

The AACR is committed to bringing to the
forefront this next generation of cancer researchers,
those who are basic scientists, computational
scientists, translational scientists, clinical
scientists, population scientists, implementation
scientists, and more. This is because they reflect

the full spectrum of research expertise that we will
need to make the next big leaps against cancer.
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BUILDING BLOCKS OF FURTHER

PROGRESS AGAINST CANCER

In this section you will learn:

* Increasing federal support for biomedical research and cross-cutting research initiatives
is crucial for furthering progress against cancer.

» Regulatory science and policy play a key role in making continued progress against cancer.

» Federal support is needed to develop and train the biomedical research workforce of tomorrow.

» Precision prevention and early detection have the potential to reduce the burden of cancer.

It is a transformational time in cancer research. As we
have delved deeper into the complexity of cancer, we have
experienced an explosion in our understanding of the
individual factors both inside and outside a cell that cause
cancer initiation, development, and progression. This
knowledge is beginning to unveil a clearer picture of how
these factors work together and are influenced by each
person’s unique biological characteristics.

Thanks to the efforts of countless researchers, physician-
scientists, patient advocates, and other representatives
from all sectors of the biomedical research community (see
sidebar on The Biomedical Research Community: Powering
Progress Together, p. 9), we are developing new methods
for preventing, detecting, diagnosing, and treating cancer.
More effective and less toxic interventions improve patient
quality of life and ultimately, save more lives from cancer.

Between Aug. 1,2015 and July 31,2016, the FDA approved
18 new medical products for use in oncology—13 new
anticancer therapeutics, one new cancer screening test, one
new diagnostic test, two new diagnostic imaging agents,
and a new medical device. During this same period, the
FDA also approved new uses for 11 previously approved,
anticancer therapeutics.

This progress would not have been possible without strong,
bipartisan leadership and federal support for the NIH, NCI,
and FDA and innovative programs, such as the Precision
Medicine Initative (PMI). As the National Cancer Moonshot
Initiative gets underway, it will be important that this
promising effort receives support and robust funding as
well (see sidebar on Building Blocks of Further Progress
Against Cancer).

BUILDING BLOCKS OF FURTHER PROGRESS AGAINST CANCER

To accelerate the pace of progress against cancer, we must:

Prioritize and Support Support
increase federal cross-cutting regulatory
funding for initiatives to science
biomedical advance progress initiatives.
research. against cancer.

IFIOA

APPROVED

Develop and train Support
the biomedical precision prevention
research workforce efforts.

of tomorrow.
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ROBUST, SUSTAINED,
AND PREDICTABLE
FUNDING INCREASES FOR
BIOMEDICAL RESEARCH

Federal funding through the NIH and NCl is the lifeblood
of biomedical research and forms the foundation upon
which the majority of scientific and medical discoveries
are made. In the 45 years since President Nixon signed the
National Cancer Act, investments in the NIH and NCI, in
large part due to overwhelming bipartisan support from
Congress, have resulted in extraordinary progress against
cancer, as detailed in this report.

A strong federal investment in cancer research is good, both
for our nation’s health and our economy. The impact of federal
support for the NIH, NCI, and FDA reaches well beyond
the laboratory and the clinic. More than 80 percent of the
funds appropriated by Congress to the NIH are distributed
to all 50 states and around the world to drive research, and
itis estimated that every dollar invested in the NTH yields
$2.21 in local economic growth. As a result, hundreds of
thousands of jobs are created, and entirely new industries
are established, such as the biotechnology industry.

As discussed by Senator Roy Blunt (see p. 106), a decade
of stagnant budgets at the NIH led to a more than 20
percent decline in purchasing power and threatened the
United States’ position as the world leader in biomedical
research. Recent funding increases signal an end to this
troubling trend, but the budget must continue to grow at
alevel that outpaces inflation (see Figure 17, p. 108). This
renewed investment in biomedical research will strengthen
the position of the United States as the global leader in
science and technology, and will ensure U.S. economic
leadership in the 21st century.

SUPPORT FOR CROSS-CUTTING
INITIATIVES TO ADVANCE
PROGRESS AGAINST CANCER

As highlighted in Anticipating Future Progress (see p.
100), conquering a disease as complex as cancer requires a
multidisciplinary approach, including collaborations with
expertsin areas of science, engineering, and technology that
were not historically part of the cancer research ecosystem.
Two examples of cross-cutting endeavors that are bringing
many stakeholders together to advance progress against
cancer are the National Cancer Moonshot Initiative and
the Precision Medicine Initiative. These initiatives aim
to bring various facets of the government, as well as the
public and private sectors together to accelerate the pace
of progress against disease, particularly cancer.

National Cancer Moonshot Initiative

During a speech in the White House Rose Garden on Oct.
21,2015, where he was announcing that he would not run
for President of the United States in 2016, Vice President
Joe Biden referenced the tragic loss of his son to cancer
and called for a “moonshot” to cure this terrible disease.
The Vice President stated that we have a remarkable
opportunity to advance many of the breakthroughs that
are just on the horizon, provided that we join together to
“make an absolute national commitment to end cancer,
as we know it today.” In his final State of the Union
address, President Obama followed Biden’s call with the
announcement that he was tasking the Vice President with
spearheading a national effort against cancer.

This extraordinary announcement was followed by the
launch of the National Cancer Moonshot Initiative, which
seeks to double the rate of progress toward a cure for cancer
by achieving 10 years of progress in 5 years (see sidebar on
The National Cancer Moonshot Initiative, p. 110). Since
February 2016, the Vice President has created a federal
interagency task force, bringing together every federal
agency that has a role to play in addressing cancer. The
Task Force is charged with producing recommendations
before December 31,2016, on how to accelerate the pace of
progress across anumber of areas—from cancer prevention
and early detection, to patient access and care, to dataand
computational capabilities, to implementation science.

In April 2016, the Cancer Moonshot Blue Ribbon Panel was
established to inform the scientific direction and goals at
NCI of Vice President Biden’s National Cancer Moonshot
initiative (see sidebar on The National Cancer Moonshot
Initiative, p. 110). The 28-member panel, comprised of
cancer researchers, physician-scientists, oncologists,
patient advocates, and representatives from the private
sector and government agencies, serves as a working
group of the presidentially appointed National Cancer
Advisory Board (NCAB). The Panel is co-chaired by
Tyler Jacks, PhD, Chair, National Cancer Advisory Board
Director, Koch Institute for Integrative Cancer Research,
Massachusetts Institute of Technology ; Elizabeth Jaffee,
MD, Professor and Deputy Director for Translational
Research, Sidney Kimmel Comprehensive Cancer Center,
Johns Hopkins University School of Medicine; and Dinah
Singer, PhD, Acting Deputy Director, National Cancer
Institute, Director, Division of Cancer Biology, National
Cancer Institute.

The FDA will also play an integral role in the implementation
of theinitiative. Towards this end, the FDA Oncology Center
of Excellence (OCE) (see sidebar on FDA Oncology Center
of Excellence, p.108) was established. The OCE aims to
expedite the development of novel combination products
and support an integrated approach to tackling cancer.
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CANCER AFFECTS US ALL

THE HONORABLE ROY BLUNT

U.S. SENATOR FOR MISSOURI

CHAIRMAN OF THE SENATE APPROPRIATIONS SUBCOMMITTEE ON LABOR,

HEALTH AND HUMAN SERVICES, EDUCATION, AND RELATED AGENCIES.

AGE 66

RENAL AND
PROSTATE
CANCER
SURVIVOR

hen your family is healthy,
you have many problems;
when someone in your family
is sick, you have only one
problem. That's especially true for any family that
has faced a cancer diagnosis. In 2016, nearly 1.7
million Americans are expected to be diagnosed
with cancer for the first time, and nearly 600,000
will lose their lives to the disease, according to
the American Cancer Society. That’s why it is
imperative that we continue prioritizing resources
to advance biomedical research and accelerate
progress toward new, groundbreaking treatments.
As chairman of the U.S. Senate Appropriations
Subcommittee on Labor, Health and Human
Services (HHS), I was proud to write and pass
a funding bill last year that raised the National
Institutes of Health’s funding by $2 billion, a 6.7
percent increase. This amount represented the
largest funding increase the NIH received in
this bill in over a decade. I'm glad to announce
we’re on track to provide another $2 billion
increase this year as part of the first bipartisan
Senate Labor/HHS appropriations bill in 7
years. This year’s bill, which was reported by
the Appropriations Committee in June, includes
more than $5.4 billion for the National Cancer
Institute (NCI), a 4 percent increase. Coupled
with last year’s funding, that represents a 9.6
percentincrease over the past 2 years for the NCI.
We achieved that increase, in part, by eliminating
36 ineffective or duplicative programs.
Together, the NIH and NCI are paving the way
for the next breakthrough in cancer research.
As arenal and prostate cancer survivor, 'm
particularly interested in the progress that’s
underway in the field of precision medicine.
Last year, we began a new Precision Medicine
Initiative, which utilizes specific genetic,
environmental, and lifestyle data to tailor
treatments to individuals. As Dr. Douglas Lowy;,
the acting director at NCI, explained at a recent
hearing before the Labor/HHS Appropriations
Subcommittee, this type of research is critical for
determining how “you deliver the right drug, to

the right patient, at the right time”

For example, a recent clinical trial for a
genetic test known as MammaPrint found
that as many as half of the patients who were
slated for chemotherapy based on traditional
clinical assessments did not actually require
the treatment. According to the study, patients
with breast cancer who underwent surgery to
remove their tumors and had a MammaPrint
score recommending against chemotherapy, had
a 95 percent survival rate. The study confirms
what I heard from doctors and researchers at
the Siteman Cancer Center in St. Louis earlier
this year, who told me that developing targeted
therapies through precision medicine has the
potential to save patients unnecessary—and
often aggressive—treatmentwhile driving down
health care costs.

Federal funding for cancer research and
prevention has historically driven major
breakthroughs in the field and will continue to
play a pivotal role. The investments we make today
will not only save lives, but they’ll also lead to
new frontiers in drug and device development
that are critical for reducing health care costs,
growing our economy, and maintaining Americas
competitive edge in innovation.

Over the past decade, the NIH has lost more
than 20 percent of its research purchasing power.
I'm proud that we were able to take a step toward
bridging that gap last year. I will continue making
NIH and cancer research funding a priority in
the fiscal year ahead, in the hopes that we can
sustain an upward trajectory in biomedical
investment within the constraints of a tough
fiscal environment.

In my view, every dollar we spend should
reflect the priorities of the American people.
I can think of no greater priority than to
give hope to families battling cancer and to
help more people live longer, healthier lives.
I'm incredibly grateful for the treatment
I received and the researchers and doctors who
made my recovery possible. I will continue fighting
to give all Americans the same opportunity.

AMERICAN ASSOCIATION FOR CANCER RESEARCH 107



$45 -
$40
§35 -
~
2  $30 -
2
= 525 -
St
2 s$20 A
5
S si5 A
L
$10 -
$5 -
$0 -

TURNING A CORNER

mmm Appropriated Funds
mmm Proposed Funds
—=— BRDPI-adjusted

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2017

House Senate

The biomedical research and development price index  closing as a funding increase of $2 billion in fiscal year (FY)
(BRDPI) reflects the rising cost of personnel, supplies, 2016 provided real growth in excess of inflation. Additional
and equipment needed to conduct biomedical research.  increases proposed for FY 2017 are helping us continue to
From 2004 to 2015, the National Institutes of Health (NIH)  turn the corner after the decade of stagnant investment
budget did not keep pace with BRDPI. However, the gapis  (see blue bars).

|

FDA ONCOLOGY CENTER OF EXCELLENCE

On June 29, 2016, U.S. Food and Drug Administration (FDA)
Commissioner Robert Califf announced the creation of a new
Oncology Center of Excellence (OCE) at the FDA, and he
appointed Richard Pazdur, MD, as acting director. This new
center, which will play a key role in advancing the National
Cancer Moonshot Initiative, will leverage the combined skills
of regulatory scientists and reviewers with expertise in drugs,
biologics, and devices to expedite the development of novel
combination products for the benefit of patients with cancer.
The new FDA OCE will bring staff from all the important areas
of the cancer drug development process together to fuel the
progress we are seeing today in preventing, detecting, and
treating cancer.

108

AACR CANCER PROGRESS REPORT 2016



The Precision Medicine Initiative

The Precision Medicine Initiative (PMI) was unveiled
by President Barack Obama in January 2015. The goal
of the PMI is to build on advances in precision oncology
and extend precision medicine treatments to all forms
of cancer and many other diseases.

Of the $300 million assigned to the PMI in the FY 2016
budget, $70 million were directed to the NCI to scale up
efforts to identify genomic drivers of cancer and apply
that knowledge in the development of more effective
approaches to cancer treatment.

One area of particular focus is expanding precision
medicine clinical trials, with an emphasis on supporting
the NCI-Molecular Analysis for Therapy Choice
(MATCH) clinical trial and planning and conducting a
trial that will be known as NCI Pediatric MATCH. Other
areas of focus include exploring fundamental aspects
of cancer biology, and establishing a national “cancer
knowledge network” to generate and share new knowledge
to fuel scientific discovery and guide treatment decisions.

ENHANCED SUPPORT
FOR REGULATORY SCIENCE
AND POLICY AT THE FDA

The FDA is an integral part of the biomedical research
community, and the support of this critical agency
through robust, annual appropriations from Congress
is crucial if we are to continue to make progress
against cancer through the delivery of safe, effective,
and increasingly precise therapies to patients. The
advancement of 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, is especially important. 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. These activities are
not supported through user fees, but rather, depend on
annual funding from Congress.

As research leads to more sophisticated and complex
approaches to treatment, the process of approving those
therapies must keep pace. Likewise, the FDA must keep
abreast of the latest scientific and technological progress
through discourse, cooperation, and collaboration with
academia, industry, patient advocacy groups, and the
government. Therefore, Congress must continue to
equip the agency the resources it needs to support these
regulatory processes, professional development of staff,
and expand hiring authority.

DEVELOPING AND
TRAINING THE WORKFORCE
OF TOMORROW

Many of the most innovative research questions and
fresh ideas come from scientists early in their careers.
Ensuring the pace of progress against cancer continues
requires that the next generation of cancer researchers be
recruited, supported and encouraged. A strong pipeline
of talented researchers to whom current leaders in the
field can pass the baton in the years to come will allow
the work to continue in earnest to conquer this disease.

The current generation of early-career investigators has
been privy to the exciting advancements that have been
thus far described. At the same time, they have come of
age ina decade when research funds were scarce, federal
research budgets declined by more than 20 percent when
adjusted for inflation, and the path forward was uncertain.
Because of the difficult funding environment in recent
years, many young investigators have opted for alternative
career paths, thereby putting future generations of
innovative research in jeopardy.

Our country must continue to invest in education and
training of scientists at all career levels, but especially
in the dawn of their careers. The cancer workforce of
tomorrow also must reflect the increasing diversity in our
country, including disciplinary, gender, racial, ethnic, and
geographic diversity. Robust, sustained and predictable
funding increases for the NIH, coupled with federal,
state, and private sector-funded programs to assist early-
career scientists, play an irreplaceable role in attracting
and retaining tomorrow’s scientific leaders.

PRECISION PREVENTION
AND EARLY DETECTION

We know that more than half of global cancer cases are
a result of preventable causes and that prevention is
perhaps the most cost-effective strategy for controlling
cancer in thelong run. Thus, an increased focus on cancer
prevention and early detection is required if we are to
decrease cancer incidence, morbidity, mortality, and
cost worldwide.

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. As electronic nicotine delivery systems
(ENDS), commonly called e-cigarettes, have proliferated
inrecent years, the need to understand and balance the
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THE NATIONAL CANCER MOONSHOT INITIATIVE —

The National Cancer Moonshot Initiative seeks to double the rate of progress toward a cure for cancer

by achieving 10 years of progress in 5 years. The initiative is led by Vice President Joe Biden and a federal
interagency task force. A Blue Ribbon Panel, and its seven working groups, provide scientific advice

to the Task Force.

Vice President Biden speaks
at the AACR Annual Meeting 2016

President Obama proposes moonshot;
tasks Vice President Biden to lead

January 12 January 28 April 4 April 20
Blue Ribbon
Cancer Moonshot Panel formed Blue Ribbon Panel establishes
Task Force established seven working groups

BLUE RIBBON PANEL

Levi A. Garraway, MD, PhD
Gad Getz, PhD

Laurie H. Glimcher, MD
Lifang Hou, MD, PhD

Neal Kassell, MD

Maria Elena Martinez, PhD
Deborah Mayer, PhD, RN
Edith P. Mitchell, MD, FAC
Augusto C. Ochoa, MD
Jennifer A. Pietenpol, PhD
Angel Pizarro, MSE
Barbara K. Rimer, DrPH
Charles L. Sawyers, MD
Ellen V. Sigal, PhD

Patrick Soon-Shiong, MD, FRCS (C), FACS
Wai-Kwan Alfred Yung, MD

Tyler Jacks, PhD (Co-Chair)
Elizabeth M. Jaffee, MD (Co-Chair)
Dinah S. Singer, PhD (Co-Chair)
Peter C. Adamson, MD

James P. Allison, PhD

David F. Arons, JD

Mary C. Beckerle, PhD

Mitchel S. Berger, MD

Jeffrey A. Bluestone, PhD

Chi Van Dang, MD, PhD

Mikael Dolsten, MD, PhD

James R. Downing, MD

7

WOFkIng groups developed EX OFFICIO MEMBERS OF THE

recommendations and BLUE RIBBON PANEL ARE:
evaluated others from « David Atkins, MD, MPH
the community and + Robert M. Califf, MD
the public. « Karen S. Guice, MD, MPP

¢ Jason Paragas, PhD
e Lawrence A. Tabak, DDS, PhD
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AACR hosts
Moonshot

Congressional

briefing with

early-career
scientists

AACR hosts briefing with
Blue Ribbon Panel

June 28

Vice President Biden addresses
the ASCO Annual Meeting 2016

BLUE RIBBON PANEL RECOMMENDATIONS

Blue Ribbon Panel

recommendations
released

FDA launches
Oncology Center
of Excellence

June 29

September 7

Moonshot Summit held
at Howard University

Network for direct patient engagement ‘
Encourages patients to have their tumor / I
genome sequenced, automatically shares ‘

the results through a network of linked databases,

and enables clinical trial enrollment when appropriate.

2. Cancerimmunotherapy clinical trials network
A network of clinical trials in adult
and pediatric patients to evaluate
immunotherapies and vaccines.

3. Therapeutic target identification
to overcome drug resistance
Methods to identify mechanisms
of drug resistance and develop
therapeutic strategies to
prevent and overcome it.

4. Anational cancer data ecosystem
for sharing and analysis
Develops the computational and bioinformatic
infrastructure necessary to share any kind of data with
anyone while maintaining privacy and security.

5. Fusion oncoproteins in pediatric cancer
Develop new therapeutics targeting
pediatric fusion proteins through
the use of new research models.

vé

@

T

6.

10.

Symptom management research
Use patient reported outcomes to
develop evidence-based guidelines
to manage patient symptoms
throughout the course of clinical care.

Prevention and early detection:

implementation of evidence-based approaches
Use research to discover, test, and implement

strategies to reduce cancer risk, with

an initial focus on fully executing
established risk-reduction strategies.
Retrospective analysis of biospecimens

from patients treated with standard of care
Analyze existing and future samples from patients
receiving standard of care to enable the precise

use of standard treatments and

catalyze additional research. E
Generation of human tumor atlases

Develop comprehensive maps of all

of the alterations within as many

different tumors as possible to fully
enable precision medicine.

Development of new

enabling cancer technologies
The new technologies will be
used to enable further discoveries
and improve patient care.
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potential cessation benefits and health risks associated
with use of these products has grown (see sidebar on
E-cigarettes: What We Know and What We Need to
Know, p. 27). Recently, the FDA announced it would
take the important step of regulating these tobacco-
derived products and increase efforts to keep them out
of the hands of youth (see sidebar on Enhancing Tobacco
Control Through FDA Regulation, p. 28).

As discussed in Protect Skin From UV Exposure, p. 32,
skin cancer prevention also remains a critical issue where
significant, additional progress can be made. There is a
growing body of scientific evidence that shows indoor
tanning dramatically increases a person’s risk of skin
cancer, including melanoma (65). In fact, one study found
that individuals who have been exposed to UV radiation
from indoor tanning before the age of 35 are 59 percent
more likely to develop melanoma than those who have
never tanned indoors (203). In an effort to strengthen
policies in this area, the FDA issued a proposed rule in
2016 to prohibit the use of tanning beds by those under
age 18 (see sidebar on Indoor Tanning Legislation, p. 32).

Increasingly, scientists are applying the principles of
precision medicine to prevention, and this is a rapidly
growing area of research (see Anticipating Future Progress,
p- 100). Advances in genomic technologies can lead to
improved prevention and early detection strategies. As
we develop a better understanding of common genetic
variants associated with a higher or lower risk of certain

cancers, we may be able to use that knowledge to identify
individuals who may or may not benefit from particular
prevention strategies.

With respect to early detection, precision medicine
applications can enable noninvasive screening for very
early cancers. Liquid biopsies, noninvasive tests performed
on biofluids to detect genetic alterations in tumors, are a
recent revolution in the oncology field, and the technology
is continuing to advance rapidly. In fact, the first liquid
biopsy test was approved by the FDA in June 2016 to
identify patients with metastatic NSCLC eligible for
treatment with the EGFR-targeted therapeutic erlotinib
(see Helping Some Lung Cancer Patients Breathe Easier,
p- 70). When successfully integrated into clinics, liquid
biopsies have the potential to improve all aspects of clinical
cancer care, including early detection.

Although liquid biopsies offer manifold possibilities for
improving cancer care, as with any emerging technology,
there are many practical and logistical challenges in taking
this technology to the next level and making ita standard
of care for patients with cancer.

Strong support for cancer prevention research, coupled
with support for a regulatory environment that will support
the translation of this technology into improved patient
care, is essential to move the needle toward prevention
and early detection and ultimately, to saving more lives
from cancer.
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THE AACR CALL TO ACTION

Late last year, as the FY 2016 appropriations bill was being
finalized, a bipartisan majority of members of Congress
called for a significant funding increase for the NIH. The
result was a $2 billion budget increase for the NIH in FY
2016, the agency’s first significant annual funding boost
in more than a decade.

During Senate debate on this year’s (FY 2017)
appropriations bill that provides funding to the NIH,
Senator Roy Blunt (R-MO), Chairman of the Senate
Appropriations Subcommittee on Labor, Health and
Human Services, Education, and Related Agencies, stated,
“Last year, I made clear that sustained funding was as
important as the increased investment. A pattern begins
in the second year, and we have seized the opportunity this
year to begin a pattern of increases for the NIH.” Chairman
Blunt backed up his words by proposing another $2 billion
funding increase for the NIH in FY 2017.

The AACR is supportive of Senator Blunt’s statement and
action in his role as Subcommittee Chairman, especially

because of the unprecedented scientific opportunities
that exist today to improve the way we prevent, detect,
diagnose, and treat cancer. Robust, sustained, and
predictable investments in biomedical research, coupled
with comparable funding increases for the FDA, will
accelerate progress against cancer at this critical time in
the cancer field.

The AACR also applauds Vice President Joe Biden’s
comprehensive proposal for preventing cancer and
accelerating the discovery of new cancer treatments
through the National Cancer Moonshot Initiative. This
timely initiative has galvanized the cancer community
and sparked a renewed dialogue on how we can speed
the pace of progress for the benefit of all patients
with cancer. Working together, we can capitalize on
this unique moment in cancer research to harness
the extraordinary knowledge obtained through past
federal investments, and allow for the translation of this
information into strategies to prevent, detect, diagnose,
and treat cancer.

Therefore, the AACR respectfully urges Congress and the Administration to:

* Support the Senate Appropriations Labor, Health
and Human Services, Education, and Related
Agencies Subcommittee’s FY 2017 bill, which
proposes to provide an increase of $2 billion for
the NIHin FY 2017.

¢ Finalize a Senate version of the House-passed 21st
Century Cures Act that includes crucial funding for
the NIH to support the National Cancer Moonshot
Initiative and other important strategicresearch
initiatives.

* Support an FDA budget in FY 2017 of $2.85
billion, $120 million above its FY 2016 level, to
ensure support for regulatory science and the
timely approval of therapeutics that are safe and
effective.

* Readjust the discretionary budget caps for FY
2018 and beyond, which would allow our nation’s
policymakers to continue to provide robust,
sustained, and predictable funding increases for
the NIH, NCI, and FDA in future years.

By taking such actions, we will improve our nation’s health, sustain our leadership in cancer research
and biomedical science, and spur our innovation-based economy.
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GLOSSARY

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.

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 itis found. The ALK gene is altered in several types
of cancer, including some non-small cell lung cancer (see
Non-small cell lung cancer), some neuroblastomas (see
Neuroblastoma), and some lymphomas—in particular,
anaplastic large cell lymphomas.

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.

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.

B-cell lymphoma 2 (BCL-2) The BCL-2 gene makes
the BCL-2 protein, which promotes cell survival by
preventing cells from undergoing a natural self-destruct
process called apoptosis. The BCL-2 gene is altered in
many follicular lymphomas, and the BCL-2 protein has
been implicated in some other forms of cancer, including
chronic lymphocytic leukemia (see Follicular ymphoma
and Chronic lymphocytic leukemia).

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.

Body massindex (BMI) Calculated asa person’s weight in
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.
Itis 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.

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
later turn into cancer. These changes can be detected by
the Papanicolaou (Pap) test and treated to prevent the
development of cancer.

Chemotherapy The use of different drugs to kill or slow
the 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.

Chromosomal translocation Genomic alteration in
which a whole chromosome or segment of a chromosome
becomes attached to or interchanged with another
whole chromosome or segment (see Chromosome).
Chromosomal translocations can, in some cases, fuel
cancer.

Chronic lymphocytic leukemia (CLL) One of the most
common types of leukemia (blood cancer) diagnosed
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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, butin some people, it can be fast growing.

Clinical trial A type ofresearch study that tests how well
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 isa thin, tube-like instrument with alight and
alens 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.

Death rate/mortality rate The number of deaths in a
certain group of people in a certain period of time. Death
rates may 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.

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

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.

Epidermal growth factor receptor (EGFR) A protein
found on the surface of some cells to which epidermal
growth factor binds, causing the cells to proliferate. It is
found at abnormally high levels on the surface of many
types of cancer cells, including many types of lung cancer
cells, so these cells may divide excessively in the presence
of epidermal growth factor. Also called ErbB1 and HER1.

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.

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
aclinical trial are usually included in the study objectives.
Some examples of endpoints are survival, improvements
in quality of life, symptom relief, and disappearance of
the tumor.

Epigenetics The study of heritable changes in gene
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.

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 those who started a certain
treatment, who are alive 5 years after they were diagnosed
with or started treatment for a disease, such as cancer. The
disease may or may not have come back.

Follicularlymphoma A form of non-Hodgkin lymphoma
that is usually slow growing. It begins in immune cells
called B cells, which grow as groups to form nodules. It
initially affects the lymph nodes and may spread to the
bone marrow or spleen.
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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.

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 non-
Hodgkin lymphoma.

Histone A type of protein found in chromosomes
(see Chromosome). Histones attach to DNA (see
Deoxyribonucleic acid) and help control 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 along 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.

GLOSSARY

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.

Janus kinase 2 (JAK2) The JAK2 gene makes the JAK2
protein, which is part of several signaling pathways that
promote cell growth and proliferation (see Signaling
pathway/signaling network). It is particularly important
for controlling the production of blood cells.

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.

Mammalian target of rapomycin (mTOR) A protein
that is part of several signaling pathways that regulate
cell growth, cell proliferation, cell motility, cell survival,
protein synthesis, and transcription. mTOR is also known
as mechanistic target of rapamycin or FK506 binding
protein 12-rapamycin-associated protein 1 (FRAP1).

Melanoma A form of cancer that begins in melanocytes
(cells that make the pigment melanin). It may arisein a
mole (skin melanoma), but it can also originate in other
pigmented tissues, such as the eye (uveal melanoma) or
the intestines (mucosal melanoma).

Metastasis The spread of cancer from one part of the 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.

Multiple myeloma A type of cancer that begins in plasma
cells (white blood cells that produce antibodies). Also called
Kahler disease, myelomatosis, and plasma cell myeloma.
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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, 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.

Nanotechnology Science, engineering, and technology
conducted at the nanoscale, which is about 1 to 100
nanometers; for comparison, a sheet of paper is about
100,000 nanometers thick. Nanotechnology can be used
in all other fields of science, such as chemistry, biology,
physics, materials science, and engineering.

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.

Neuroendocrine tumors Rare types of cancer that form
from cells that release hormones into the blood in response
to a signal from the nervous system. Neuroendocrine
tumors can occur anywhere in the body, although most
frequently they arise in the lungs, appendix, small intestine,
rectum, and pancreas.

Noncommunicable diseases Disecases that are not
passed from person to person, such as diabetes, cancer,

and cardiovascular disease. Also called chronic disease.

Non-small cell lung cancer (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 NSCLC are squamous cell carcinoma,
large cell carcinoma, and adenocarcinoma. NSCLC 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.

Pancreatic cancer A group of cancers that start in cells of
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 (see Neuroendocrine tumors).

Precision cancer medicine The tailoring of treatments
to the individual characteristics—in particular, the
genetics—of each patientand 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 percentage 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
cells (see Programmed death-ligand 1), 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 or brake.

Programmed death-ligand 1(PD-L1) A protein on the
surface of many cell types, including some tumor cells.
When it attaches to PD-1 on the surface of T cells, it sends
signals into the T cells to tell them to slow down and stop
acting aggressively (see Programmed death-1b and T cell).

Proteasome A large protein complex found inside cells.
It helps destroy other proteins when they are no longer
needed.

Protein A molecule made up ofamino acids thatis 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
tokill cancer cells and shrink tumors. Radiation may come
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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.

Renal cell carcinoma The most common form of kidney
cancer diagnosed in U.S. adults. It begins in cells that line
the tubules of the kidney, which is where blood is filtered
and cleaned.

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.

Soft tissue sarcoma A group of cancers that arise in
soft tissues of the body such as the muscles, tendons, fat,
blood vessels, lymph vessels, nerves, and tissues around
joints. Both children and adults can develop soft tissue
sarcomas. Rhabdomyosarcoma is the most common type
of soft tissue sarcoma in children, while gastrointestinal
stromal tumors are the most common in adults.

Tcell Atypeofimmune 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.

Thyroid cancer Cancer that arises in the thyroid gland (a
gland at the base of the neck that makes hormones that help

GLOSSARY

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 Anabnormal 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.

Urothelial carcinoma The most common type of bladder
cancer. It begins in urothelial cells that line the inside
of the bladder. These cells are able to change shape and
stretch when the bladder is full.

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.
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APPENDIX

FDA-APPROVED THERAPEUTICS FOR
CANCER RISKREDUCTION OR TREATMENT
OF PRECANCEROUS CONDITIONS*®

| 4
Cancer Risk Reduction

SUPPLEMENTAL TABLE 1

Condition Generic Name Trade Name
Breast cancer raloxifene Evista
tamoxifen Nolvadex
Cervical, vulvar, human papillomavirus Gardasil
vaginal, and anal cancers quadrivalent vaccine
and dysplasia; genital warts (types 6, 11, 16, and 18)
Cervical, vulvar, human papillomavirus Gardasil 9
vaginal, and anal cancers 9-valent vaccine
and dysplasia; genital warts (types 6, 11, 16, 18,
31, 33, 45, 52, and 58)
Cervical cancer human papillomavirus Cervarix
and cervical dysplasia bivalent vaccine
(types 16 and 18)
Treatment of Precancerous Conditions
Condition Generic Name Trade Name
Actinic keratosis ingenol mebutate Picato
fluorouracil Adricil
diclofenac sodium Voltaren

5-aminolevulinic acid +
photodynamic therapy (pdt)

masoprocol/ Actinex
nordihydroguaiaretic acid

Bladder dysplasia bacillus calmette-guerin/BCG
valrubicin Valstar
Esophageal dysplasia porfimer sodium + Photofrin

photodynamic therapy (PDT)

*adapted from Wu X, Patterson S, Hawk E. Chemoprevention -
History and general principles. Best Practice Research
Clinical Gastroenterology. 2011;25:445-59.
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SUPPLEMENTAL TABLE 2

DNA-synthesis Inhibitors (Antimetabolites)

colorectal cancers

cell and testicular cancers

Approved Indication Generic Name Trade Name
Multiple cancers 5-fluorouracil (5-FU) Adrucil
Certain leukemias 6-mercaptopurine Purinethol
Breast and capecitabine Xeloda

Certain leukemias; cladribine Litrak; Movectro
lymphoma

Certain leukemias clofarabine Clolar
Certain leukemias; cytarabine  DepoCyt; Cytosar-U
lymphoma

Stomach cancer floxuridine FUDR
Certain leukemias; fludarabine Fludara
lymphoma

Breast; lung; ovarian; gemcitabine Gemzar
and pancreatic cancers

Certain leukemias hydroxyurea Droxia
Multiple cancers methotrexate Rheumatrex; Trexall
Multiple cancers mitomycin Mutamycin
Certain leukemias; nelarabine Arranon
lymphoma

Lung and ovarian cancers; pemetrexed Alimta
mesothelioma

Certain leukemias pentostatin Nipent
Certain lymphomas pralatrexate Folotyn
DNA-damaging Agents

Approved Indication Generic Name Trade Name
Ovarian cancer altretamine Hexalen
Certain leukemias arsenic trioxide Trisenox
Multiple cancers bendamustine Treanda
Certain lymphomas; squamous bleomycin sulfate Blenoxane

Certain leukemias busulfan Myleran; Busulfex
Breast, lung, and carboplatin  Paraplatin; Paraplat
ovarian cancers
Brain tumors; carmustine BiCNU
certain lymphomas
Multiple cancers chlorambucil Leukeran
Multiple cancers cisplatin Platinol-AQ
Multiple cancers cyclophosphamide Cytoxan
Melanoma; dacarbazine DTIC-Dome
certain brain cancers
Multiple cancers dactinomycin Cosmegen
Certain leukemias daunorubicin; Cerubidine
daunomycin
Multiple cancers doxorubicin Adriamycin PFS;
hydrochloride Adriamycin RDF
Certain leukemias; breast  epirubicin Ellence
and stomach cancers hydrochloride
Testicular and etoposide Etopophos;
lung cancers phosphate Topusar; VePesid
Certain leukemias idarubicin Idamycin PFS
Multiple cancers ifosfamide Ifex
Colon, lung, irinotecan Camptosar;
and rectal cancers Campostar

<NOISIDFHd ONISVIHONI

Pancreatic cancer irinotecan Onivyde
liopsome injection
Brain tumors lomustine CeeNU
Multiple cancers mechlorethamine Mustargen
hydrochloride
Multiple cancers melphalan Alkeran
Certain lymphomas methoxsalen Uvadex
Multiple cancers mitoxantrone Novantrone
Colon cancer oxaliplatin Eloxatin
Testicular cancer plicamycin Mithracin
Certain lymphomas procarbazine Matulane
Pancreatic cancer streptozocin Zanosar
Melanoma; temozolomide Temodar

certain brain cancers

Certain leukemias thioguanine Thioguanine Tabloid

Multiple cancers thiotepa Thioplex
Ovarian and topotecan Hycamtin
small cell lung cancers

Colorectal cancer trifluridine AND tipiracil ~ Lonsurf
Bladder cancer valrubicin Valstar

Cell Cytoskeleton-modifying Agents

|

Approved Indication Generic Name Trade Name

Prostate cancer cabazitaxel Jevtana
Multiple cancers docetaxel Taxotere
Breast cancer; liposarcoma eribulin mesylate Halaven
Breast cancer ixabepilone Ixempra
Multiple cancers paclitaxel Taxol
Breast, lung, paclitaxel Abraxane
and pancreatic cancers albumin-bound particles

Multiple cancers vinblastine Velban
Certain leukemias vincristine Oncovin
and lymphomas

Certain leukemias vincristine Marqibo
and lymphomas sulfate liposomes

Breast and lung cancers  vinorelbine tartrate Navelbine

|

Approved Indication Generic Name Trade Name

Certain leukemias asparaginase Elspar; Kidrolase

Gene-transcription Modifiers

|

Approved Indication  Generic Name Trade Name

Certain lymphomas bexarotene Targretin
Liposarcoma and trabectedin Yondelis
leiomyosarcoma

Certain leukemias tretinoin Vesanoid

(all-trans retinoic acid)

Radiation-emitting Drugs

Approved Indication  Generic Name Trade Name
Prostate cancer radium Ra Xofigo
bone metastases 223 dichloride

FDA-APPROVED THERAPEUTICS FOR THE TREATMENT OF CANCER
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SUPPLEMENTAL TABLE 2 continued

Cell-death Promoting Agents

Approved Indication Generic Name Trade Name

Certain form of leukemia  venetoclax Venclexta

Hormones/Antihormones

Approved Indication Generic Name Trade Name

Prostate cancer abarelix 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
Metastatic breast cancer  fulvestrant Faslodex
Prostate and breast cancers goserelin acetate Zoladex
Breast cancer letrozole Femara
Prostate cancer leuprolide Eligard; Lupron:

acetate Viadur
Breast and megestrol Megace; Megace
endometrial cancers acetate Oral Suspension
Breast cancer tamoxifen Nolvadex

Prostate cancer triptorelin pamoate Trelstar Depot

Immune-system Modifiers

Approved Indication Generic Name Trade Name
Multiple cancers interferon alfa-2b Intron A
Melanoma; kidney cancer aldesleukin Proleukin
Myelodysplastic syndrome; lenalidomide Revlimid
certain lymphomas

Multiple myeloma pomalidomide Pomalyst

Proteasome Inhibitors

Approved Indication Generic Name Trade Name

Multiple myeloma bortezomib Velcade
Multiple myeloma carfilzomib Kyprolis
Multiple myeloma ixazomib Ninlaro

Protein-translation Inhibitors

Trade Name
Synribo

Approved Indication Generic Name

Certain type of leukemia omacetaxine
mepesuccinate

Epigenome-modifying Agents

Approved Indication Generic Name Trade Name

Myelodysplastic syndrome  azacitidine Vidaza
Certain lymphomas belinostat Beleodaq
Myelodysplastic syndrome  decitabine Dacogen
Multiple myeloma panobinostat Farydak
Certain lymphomas romidepsin Istodax
Certain lymphomas vorinostat Zolinza

<NOISIDFHd ONISVIIONI

DNA-repair Inhibitors

Generic Name
olaparib

Approved Indication

Certain form of
ovarian cancer*

Immune-checkpoint Inhibitors

Generic Name
atezolizumab

Approved Indication

Certain type of
bladder cancer

Melanoma
Multiple cancers
Melanoma; lung cancer*

ipilimumab
nivolumab
pembrolizumab

Bone-remodeling Inhibitors

Generic Name
denosumab

Approved Indication

Potentially lethal
complication of
advanced cancers

Angiogenesis Inhibitors

Generic Name
axitinib

Approved Indication
Kidney cancer
Multiple cancers

Thyroid cancer;
kidney cancer

Certain type of thyroid
cancer; kidney cancer

Kidney cancer; soft tissue  pazopanib
sarcomas; gastrointestinal
stromal tumors

Certain types of lung
and stomach cancers

Colorectal cancer;
gastrointestinal
stromal tumors

bevacizumab
cabozantinib

lenvatinib

ramucirumab

regorafenib

Kidney cancer; certain sorafenib
type of thyroid cancer

Gastrointestinal stromal  sunitinib
tumors; kidney cancer;

some pancreatic cancers

Thyroid cancer vandetanib

Colorectal cancer

ziv-aflibercept

Cell-lysis Mediators

Approved Indication Generic Name
Certain leukemias
Certain types of leukemia blinatumomab

Certain lymphomas

alemtuzumab

brentuximab vedotin

Multiple myeloma daratumumab
Neuroblastoma dinutuximab
Multiple myeloma elotuzumab
Certain lymphomas ibritumomab

Certain form of leukemia; obinutuzumab

certain form of lymphoma
Certain leukemias
Certain lymphomas

ofatumumab
rituximab

FDA-APPROVED THERAPEUTICS FOR THE TREATMENT OF CANCER

Trade Name
Lynparza

Trade Name
Tecentriq

Yervoy
Opdivo
Keytruda

Trade Name
Xgeva

Trade Name
Inlyta
Avastin

Cometrig;
Cabometyx

Lenvima

Votrient

Cyramza

Stivarga

Nexavar

Sutent

Caprelsa
Zaltrap

Trade Name
Campath
Blincyto
Adcetris
Darzalex
Unituxin
Empliciti
Zevalin
Gazyva

Arzerra
Rituxan
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SUPPLEMENTAL TABLE 2 continued

FDA-APPROVED THERAPEUTICS FOR THE TREATMENT OF CANCER

Oncolytic Virus
Approved Indication Generic Name Trade Name Colon cancer panitumumab Vectibix
Melanoma talimogene Imlygic HER2+ breast cancer pertuzumab Perjeta
laherparepvec Certain types ponatinib Iclusig
of leukemia
Therapeutic Vaccines Myelofibrosis ruxolitinib Jakafi
Approved Indication Generic Name Trade Name gfossl;[iﬁ%r:rzzg? type sonidegib Odomzo
Prostate cancer sipuleucel-T Provenge ; - -~
Certain types trametinib Mekinist
of melanoma*
Cell-signaling Inhibitors -
HER2+ breast cancer trastuzumab Herceptin
Approved Indication Generic Name Trade Name _ Kidney cancer temsirolimus Toricel; Torisel
HER2+ breast cancer ad(i-tra_stuzumab Kadcyla % Thyroid cancer vandetanib Caprelsa
emtansine Pl
- - ——— B Melanoma* vemurafenib Zelboraf
Certain type of afatinib Gilotrif f{ > - - -
lung cancer = Mfole_common type vismodegib Erivedge
- — & of skin cancer
Certain form of alectinib Alecensa
lung cancer )
m
Certain type bosutinib Bosulif 8
of leukemia =
@)
Certain type of ceritinib Zykadia Zz
metastatic ALK-positive v ) o )
Iung cancer * requires companion diagnostic
Colon cancer*; cetuximab Erbitux Some drugs are available in muttiple formulations;
head and neck cancer these have only been listed once.
Certain form cobimetinib Cotellic AND Where multiple trade names are used, only the most common
of melanoma* Zelboraf have been listed.
Specific lung cancers* crizotinib Xalkori
Some leukemias dasatinib Sprycel
Certain type dabrafenib Tafinlar
of melanoma*
Some lung cancers*; erlotinib Tarceva
pancreatic cancer
Multiple cancers everolimus Afinitor
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; Glivec
stomach cancer;
certain type of skin cancer
HER2+ breast cancers lapatinib Tykerb
Certain form of necitumumab Portrazza
lung cancer
Some leukemias nilotinib Tasigna
Certain form of osimertinib Tagrisso
lung cancer*
Certain subtype of palbociclib Ibrance
breast cancer
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SUPPLEMENTAL TABLE 3

Surgical Treatments

Used to Treat

Breast cancer

Breast cancer

Testicular cancer

Multiple head, neck, and chest cancers
Variety of abdominal cancers

Sarcoma and other cancers

Kidney cancer

Pancreatic cancer

Stomach-sparing pancreatic surgery for pancreatic cancer
Rectal cancer

Prostate cancer

Rectal cancer

Testicular cancer

Breast, melanoma, and colorectal cancers

Multiple cancers

Radiotherapy Treatments

Used to Treat

Prostate, cervical, and other cancers
Multiple cancers

Multiple cancers

Brain metastases

Liver and lung cancers

Multiple cancers

Head and neck cancers

Prostate cancer

Prostate cancer
Pediatric cancers

Unresectable, glioblastoma, lung cancer,
head and neck cancer, esophagus cancer,
pancreatic cancer

Anal cancer, head and neck cancer

Breast cancer

SURGICAL AND RADIOTHERAPY TREATMENTS FOR CANCER

Procedure

Mastectomy

Lumpectomy

Orchiectomy

Video-Assisted Thoracoscopic Surgery (VATS)
Laparoscopic surgery

Reconstructive and limb-sparing surgeries
Partial nephrectomy

The Whipple/modified Whipple procedure
Pancreatodudenectomy

Total mesorectal excision

Nerve-sparing prostatectomy

Transanal Endoscopic Microsurgery (TEM)
Modified retroperitoneal lymph node dissection
Sentinel lymph node biopsies

Robotic or computer-assisted surgeries

Procedure

Brachytherapy

Image-Guided Radiation Therapy (IGRT)
Intensity Modulated Radiation Therapy (IMRT)
Stereotactic radiosurgery

Stereotactic body radiation therapy

Neoadjuvant and adjuvant radiotherapy
combined with radiation therapy

Radiation therapy combined with
molecularly targeted therapy (cetuximab)

Radiation therapy combined with
androgen deprivation

Adjuvant radiotherapy
Proton therapy

Concurrent chemotherapy and radiation therapy

Radiation with chemotherapy can produce
cure with organ preservation

Radiation and surgery
(with or without chemotherapy) can
produce cure with organ preservation
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AACR. See American Association for Cancer Research
AACR President, 2, 3, 5,100, 102

Acute lymphoid leukemia (ALL), 14, 51, 53, 55, 58
Acute myeloid leukemia, 12, 14, 25

Afatinib (Gilotrif), 10, 70, 74

Afinitor. See everolimus

Alecensa. See alectinib

Alectinib (Alecensa), 10, 56,70, 71, 74
ALK,70,71,74

ALL. See acute lymphoblastic leukemia

Alternative medicine, 99

American Association for Cancer Research (AACR), 1,2, 3,6,113
Antiangiogenic, 80, 81, 87

Apoptosis, 75,78

Atezolizumab (Tecentriq), 56, 81, 82, 87, 89

Axillary lymph node dissection, 62, 63

Barrett esophagus, 46
BCL2,75,78
Bioinformatics, 1, 100

Biomedical research, 5,9, 11, 48, 50, 66, 71, 80, 100, 101,
104-107,113

Biomedical Research and Development Price Index (BRDPI), 108
Biomedical research community, 2, 8,9, 13,101, 104, 109
Biomedical research cycle, 4, 5, 48, 49, 56, 100

Bladder cancer, 1, 7, 10, 14, 25, 33, 37, 56, 81, 87, 89

Blue Ribbon Panel, 105,110, 111

Blunt, Roy, 105-107

BML. See body mass index

Body mass index (BMI), 29

BRAF, 79, 80

BRCAL, 43,46

BRCA2,43,46

Brown, Jameisha (Meisha), 91

Cabozantinib, 10, 80
Cabometyx. See cabozantinib

Cancer care
Clinical, 4, 5, 56, 63, 75, 80,99, 112
Direct medical costs of, 4, 17

Cancer cases, global, 11, 13,23, 33,109
Cancer-causing pathogens, 4, 19, 24, 33,34
Cancer health disparities, 13, 15, 16, 37, 44, 45,91
Cancer incidence, 3,8,9, 11, 13-16, 23, 24,41, 109

Cancer prevention, 1,4, 5,13, 16, 17, 22, 23, 35, 38, 43, 46, 56,
57,101, 103,105,109, 112
Precision, 4, 5, 22, 46, 100, 101, 103, 104, 109, 112

Cancer screening, 38, 41, 43, 44

Cancer screening recommendations, 4, 39, 42, 57

Cancer screening test, 4,7, 9, 10, 38-42, 44, 46, 48, 56, 57, 104
Cancer survivors, 5,7,8,9,31,48,91, 96,97,99

Cancer survivorship, 15, 16,91, 97,98

Carr, M. Robert, 90

CDC. See Centers for Disease Control and Prevention

Centers for Disease Control and Prevention (CDC),
11,24, 34-36

Checkpoint inhibitors, 79, 81

Childhood cancer, 9, 12,47, 58,91, 97

Chromosomal translocation, 53, 58
Chroniclymphocytic leukemia (CLL), 14, 56,75, 77,78
CLL. See chronic lymphocytic leukemia

Cobas EGFR Mutation Test, 10, 70, 74, 75

Cobimetinib (Cotellic), 10, 79, 80

Colorectal cancer, 10, 11, 14, 16, 19, 29-31, 40, 42-44, 46, 57,
61,62,66,67,81,87,99,101

Cotellic. See cobimetinib

CRISPR, 100, 101

Crizotinib (Xalkori), 10,70, 71, 74
Culffari, Lori, 80

Dacarbazine, 66, 67, 79

Daratumumab (Darzalex), 10, 78, 82, 90

Darzalex. See daratumumab

Davidson, NancyE., 2, 3, 5,100, 102

Dietary guidelines, 30, 31

Direct-to-consumer genetic testing (DTC genetic testing), 46, 47
DNA, 10, 18,20, 21,64, 67,75,79

DOTATATE, 10, 63

DTC genetic testing. See direct-to-consumer genetic testing

EBV. See Epstein-Barr Virus

E-cigarette. See electronic cigarette

EGEFR. See epidermal growth factor receptor

Electronic cigarette (e-cigarette), 26,27, 28,109, 112
Electronic nicotine delivery systems, 27, 28, 109

Elotuzumab (Empliciti), 10, 78, 82, 90, 92

Empliciti. See elotuzumab

Epidermal growth factor receptor (EGFR), 7, 10,70-72,74,75, 112
Epigenetic, 18, 20, 21, 40, 51, 57, 61

Epi proColon, 10, 61
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Epstein-Barr virus (EBV), 33
Eribulin mesylate (Halaven), 10, 66, 67
Everolimus (Afinitor), 10, 80, 81, 87

Familial adenomatous polyposis (FAP), 19, 43
FAP. See familial adenomatous polyposis
Fernandez, Donna, 83

Fluorouracil, 66, 67

Gazyva. See obinutuzumab
Gemcitabine, 66, 68, 74, 89
Gene editing, 101

Genetic mutations, 18-21, 24, 32, 38-40, 43, 46, 49-51,
57,61,75,79,101

Genome, 20, 22,53, 60
Gilotrof. See afatinib
Gleevec. See imatinib
GM-CSE 91

Halaven. See eribulin mesylate

HBV. See hepatitis B virus

HCV. See hepatitis C virus

Helicobacter pylori, 33-35

Herz, Stephen, 90,92, 93

Hepatitis B virus (HBV), 33-35

Hepatitis C virus (HCV), 19, 33-35

Hodgkin lymphoma, 1, 12, 14, 33, 81, 83, 87

HPV. See human papillomavirus

Human papillomavirus (HPV), 4, 23, 33-36, 40, 42

IARC. See International Agency for Research on Cancer
Imatinib (Gleevec), 52, 53
Imlygic. See talimogene laherparepvec

Immunotherapy, 7, 57, 62, 65, 81, 83, 84, 85, 89, 90, 92,
100, 101,103,111

Indoor tanning, 23, 32, 33, 112

Inherited cancer, 19, 43,47

International Agency for Research on Cancer (IARC), 37
Irinotecan liposome injection (Onividye), 10, 66
Ipilimumab (Yervoy), 10, 79, 81, 83, 87, 101

Ixazomib (Ninlaro), 10, 78, 90

JAK2,51, 55,58

Jakafi. See ruxolitinib

Keytruda. See pembrolizumab
Kidney cancer, 1, 10, 11, 13, 14, 16, 25, 30, 43, 47, 56, 80, 81, 85

Laparoscopic surgery, 61, 62
Leiomyosarcoma, 10, 66, 68
Lenalidomide (Revlimid), 78, 90, 92
Lenvatinib (Lenvima), 10, 80
Lenvima. See lenvatinib
Liposarcoma, 10, 66

Liquid biopsy, 74, 75, 112

Lung cancer, 1,4, 7,10, 11, 14, 19, 23-25, 37, 40, 42, 43, 56, 57,
66,70-72,74,75

Lymphedema, 62, 94
Lymph nodes, 39, 61-63,91, 94

Maddison, Dave, 5,7, 87, 89

Magnetic resonance imaging (MRI), 64, 68
McGuire, Nancy, 67, 68

McKinion, Harrison, 48, 52, 53

Melanoma, 1,7, 10, 11, 12-14, 32, 33,43, 79-81,
83,87,91,96,101,112

Metastasis, 21
Multiple myeloma, 7, 10, 30, 78, 90, 92

National Cancer Institute (NCI), 1-6, 11, 15, 17,99, 104, 105,
107,109,113

National Cancer Moonshot Initiative, 1, 2, 6, 103, 104, 105, 108,
110,111,113

National Institutes of Health (NIH), 1-3, 5, 6,11, 17, 37, 44, 104,
105,107,108,109,113

NCI. See National Cancer Institute

Necitumumab (Portrazza), 10, 74,

Nicotine, 27,28

NIH. See National Institutes of Health.

Ninlaro. See ixazomib

Nivolumab (Opdivo), 5, 10, 56, 74, 79, 81, 83, 85, 87
Non-Hodgkin lymphoma, 12, 14, 33, 56, 65
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Obinutuzumab (Gazyva), 10, 56, 57,78
Oncology Center of Excellence (OCE), 105, 108
Opdivo. See nivolumab

Onivyde. See irinotecan liposome injection

Osimertinib (Tagrisso), 10, 70, 72-74

Palliative care, 5, 48,49, 95, 98, 99

Pap test, 39, 40, 42

Parkinson, Brian, 7, 75-77

Patient Protection and Affordable Care Act, 39
Payne, Donald, 43-45

PD-1,74,83,87

PD-L1,74,83,87

Pembrolizumab (Keytruda), 10, 74, 79, 81, 83, 87, 101
Physical activity, 4, 23, 29, 30, 31,99

Portrazza. See necitumumab

Precancerous lesions, 38-41, 44,47, 57

Precision medicine, 5, 22, 61,67,71,103,111, 112
Precision Medicine Initiative (PMI), 6, 104, 105, 107, 109
Prichard, Philip, 83-85

Proteasome inhibitors, 10, 78, 90

Radioembolization, 65

Radiology, interventional, 64, 65
Rampe, David, 75

Ribbans, Bob, 5,7, 91, 94, 95
Ruxolitinib (Jakafi), 51, 55, 58

Sarcomas, 10, 12, 33, 46, 66

Skin cancer, 14,23, 32, 33,43,79, 96, 112
Smoking, 4, 19, 23-28, 37, 47,99, 103
Survivorship, 15, 16,91, 95,98

Tagrisso. See osimertinib

Talimogene laherparepvec (T-Vec; Imlygic), 82, 91, 96, 97
Tam, Ginger, 5,7, 70, 72

Tecentriq. See atezolizumab

Theodosiades, Luke, 51, 55, 58
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78-80, 87,91, 95

Thyroid cancer, 12, 30, 43,47, 65, 80
Tipiracil, 10, 67

Tobacco, 4, 13,19, 22-28,99, 109, 112
Tobacco Control Act, 28

Trabectedin (Yondelis), 10, 67-69
Treatment (drug) resistance, 70, 79, 90
Trifluridine, 10, 67

Tumor microenvironment, 21, 22

T-Vec. See talimogene laherparepvec

Urothelial carcinoma, 56, 87

U.S. Preventive Services Task Force (USPSTF),
34,39,41,42,44,47

USPSTE. See U.S. Preventive Services Task Force
UV radiation, exposure to, 19, 32, 33,112

Vemurafenib (Zelboraf), 10, 79, 80

Venclexta. See venetoclax

Venetoclax (Venclexta), 10, 56, 75-78
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