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Workshop Summary

INTRODUCTION

Recent research suggests that obesity and excess weight can play a
prominent role in the incidence and progression of various cancers. Obe-
sity results from an energy imbalance—that is, energy intake that is higher
than energy expenditure—that could also influence the growth of cancers.
In addition, by generating hormones and growth factors, and by fostering
inflammation, fat tissue could directly fuel the growth of tumors, thereby
affecting cancer incidence, progression, recurrence, and survival rates.
Given the current obesity epidemic and an aging population more suscep-
tible to cancer, there is mounting concern about the role that obesity plays
in malignancies. There is also interest in exploring possible interventions
to break the obesity—cancer link, especially in patients already diagnosed
with cancer, who are at risk for cancer progression and recurrence and are
also more susceptible to developing new cancers. Cancer survivors cur-
rently number 12 million in the United States and are rapidly increasing
in number.

Recognizing the impact that current findings on obesity and cancer
could have on future cancer prevention and care, the National Cancer
Policy Forum (NCPF) of the Institute of Medicine (IOM) held a 2-day
workshop! on “The Role of Obesity in Cancer Survival and Recurrence,”

! This workshop was organized by an independent planning committee whose role was

1
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2 THE ROLE OF OBESITY IN CANCER

in Washington, DC, on October 31 and November 1, 2011. At the work-
shop, experts presented the latest clinical evidence on the obesity—cancer
link and the molecular mechanisms that might explain that link. Clinicians,
researchers, cancer survivors, and policy makers also discussed potential
interventions to counter the effects of obesity on cancer, and research and
policy measures needed to stem the rising tide of cancer mortality predicted
by an increasingly overweight and older population worldwide. More spe-
cifically, the workshop explored:

e The complex web of molecular mechanisms that underlie the
obesity—cancer link and whether it is obesity itself, the energy
imbalance that leads to obesity, or the molecular pathways that are
deregulated due to obesity, that increases the risk of cancer initiation
or progression;

e Clinical evidence of the obesity link to cancer incidence and out-
comes and study design issues that may affect the strength of that
evidence and its interpretation, as well as ways to design future stud-
ies to acquire the information needed to guide patient care;

e Dotential interventions to counter or prevent obesity effects and/or
restore energy balance, including lifestyle measures, as well as drug
and surgical therapies;

e What to advise cancer patients about weight loss, diet, exercise, and
other measures to reduce their risk of cancer progression or recur-
rence, and the challenges in inducing healthy behaviors; and

e Dolicy suggestions related to research, education, and dissemination
of the findings on obesity and cancer, as well as what the private and
public sectors can do to help break the obesity—cancer link.

This document is a summary of the workshop. The views expressed
in this summary are those of the speakers and discussants, as attributed
to them, and are not the consensus views of workshop participants or the

members of the NCPE

limited to identification of topics and speakers. This workshop summary was prepared by
the rapporteurs as a factual summary of the presentations and discussions that took place at
the workshop. Statements, recommendations, and opinions expressed are those of individual
presenters and participants, and are not necessarily endorsed or verified by the Forums or the
National Academies, and they should not be construed as reflecting any group consensus.

Copyright © National Academy of Sciences. All rights reserved.
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WORKSHOP SUMMARY 3

OVERVIEW OF THE OBESITY-CANCER LINK

The ancient Greek medical practitioner Hippocrates anecdotally
reported the observation that a healthy balance of food intake and physi-
cal activity promotes good health. But it was not until the early part of the
20th century that researchers showed tumor cells transplanted into under-
fed mice did not grow as rapidly as in those fed more abundantly, noted
Wendy Demark-Wahnefried, chair of nutrition sciences at the University
of Alabama at Birmingham and chair of the workshop planning committee.

More recently, there has been an explosion of research on obesity
and cancer, with more than 2,000 papers on the topic published in the
scientific literature. An extensive 2007 review of published research found
convincing evidence to link obesity to the risk of endometrial, colorectal,
esophageal, kidney, and pancreatic cancer as well as to postmenopausal
breast cancer (World Cancer Reasearch Fund and American Institute for
Cancer Research, 2007). This review found more limited evidence linking
obesity to gallbladder or liver cancer, as well as accumulating evidence that
obesity is linked to the risk of non-Hodgkin’s lymphoma, ovarian cancer,
and aggressive prostate cancer. “There are important public health implica-
tions in these findings. Obesity is the second leading risk factor for cancer,”
stressed Dr. Susan Gapstur, vice president of epidemiology at the American
Cancer Society.

This is especially alarming considering that since the 1970s, the num-
ber of Americans becoming obese or overweight has steadily risen; they now
comprise more than two-thirds of the population. The obesity epidemic is
also spreading internationally; the World Health Organization estimates
that more than 1.5 billion adults worldwide are overweight or obese. “The
obesity epidemic is not just a U.S. problem—its a worldwide problem,”
noted Dr. Gapstur. However, there is debate over why obesity is increasing
in prevalence, with several reasons posited by experts, including the rising
consumption of sugar-sweetened beverages, an increase in portion size, and
the decline in physical activity, in part due to increased automation. “I don’t
think we can say there is any one sole factor that has led to that change,” said
Dr. Rachel Ballard-Barbash, who serves as the associate director of applied
research in the Division of Cancer Control and Population Sciences at the
National Cancer Institute. Dr. Gapstur agreed, noting “there’s not one
simple answer because it gets back to that concept of energy balance.” (See
Box 1 for a discussion of energy balance.)

The increasing incidence of breast cancer in developing countries

Copyright © National Academy of Sciences. All rights reserved.
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4 THE ROLE OF OBESITY IN CANCER

BOX 1
Energy Balance and Cancer Risk

Dr. Wendy Demark-Wahnefried gave a brief overview of energy
balance and what factors influence it and how it influences cancer risk.
She noted that the energy balance in a person’s body is determined
by energy intake from the diet, which can be modified by ingestion and
absorption, balanced by the total calories expended. Typically, about 60
to 75 percent of energy is expended by maintaining the resting metabolic
rate, 5 to 10 percent is expended as the energy needed to digest food,
and 15 to 30 percent is expended through physical exercise (Figure 1).

Dr. Demark-Wahnefried also noted that a gastric bypass or a lap
band will induce a shift in energy balance by reducing calorie intake.
The main dispeller of energy is resting metabolic rate, which is driven,
in part, by lean body mass. As people age, she noted, they expend less
energy because they do not have as much muscle mass. Chemotherapy
and other cancer treatments can also decrease lean body mass. Resting
metabolic rate is also driven by the balance of the external temperature
with the body’s internal temperature, with more energy expended when
the external temperature drops below 78 degrees Fahrenheit. Disease
can affect body temperature as well.

is thought to reflect the increase in obesity in these nations, added
Dr. Ballard-Barbash. Dr. Nathan Berger, a professor of medicine and direc-
tor of the Center for Science, Health, and Society at the Case Western
Reserve University School of Medicine, added that “the convergence of
obesity and aging is the perfect storm or tsunami in terms of increasing the
overall incidence of cancer.”

But obesity does not appear to have a uniform effect on all types of
cancers, nor to affect cancer risk the same in men and women. One study
found that obesity increases the risk of dying from all cancers by about
52 percent in men, but nearly doubled the risk of dying from any type of
cancer in women (Calle et al., 2003). For some cancers, such as liver cancer,
obesity was linked to about a five-fold increased risk of cancer mortality in
both sexes. In contrast, the association between obesity and colon cancer
mortality is not equally strong in women and men, perhaps because body
mass index (BMI) is a better measure of abdominal fat in men than women,

Copyright © National Academy of Sciences. All rights reserved.
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WORKSHOP SUMMARY 5

Several researchers have attempted to assess how the various
components of energy balance affect cancer risk. One study showed that
calorie restriction consistently lowers the risk of cancer mortality across
several species, from the mouse to the cow (Hursting et al., 2003). Stud-
ies on the effects of physical exercise on cancer risk are less consistent,
Dr. Demark-Wahnefried said, although a few studies suggest that when
energy intake is kept constant, animals that exercise more have less
cancer progression. However, one study found that expression of several
genes is altered when mice are placed on caloric restriction, but there
are relatively few changes in gene expression when caloric intake is kept
stable while mice are exercised (Padovani et al., 2009).

Dr. Demark-Wahnefried stressed “the need to disentangle effects of
caloric restriction and increased physical activity, as well as obesity. Can-
cer is complex and energy balance is complex. It’s really difficult to make
a change in one factor without impacting another.” As she noted when
people exercise a lot, their appetite tends to increase and leads them to
eat more, whereas there is some evidence that moderate amounts of
physical activity can actually suppress appetite. “So if you are going to
conduct a physical activity intervention, then it is important to measure
and control for dietary intake,” Dr. Demark-Wahnefried said.

or because of hormonal factors that are protective, Dr. Gapstur pointed out
(Box 2).

Obesity-related breast cancer risk also varies by menopausal status.
Increasing BMI levels are linked to a lower incidence of breast cancer in
premenopausal women, but a greater incidence of breast cancer in post-
menopausal women, Dr. Gapstur said, for reasons that are not yet clearly
defined. Obesity’s influence on prostate cancer risk also varies. Although
obesity is associated with a lower incidence of prostate cancer, studies sug-
gest that obesity is linked to a greater risk of being diagnosed with a more
aggressive form of prostate cancer, and studies have consistently shown that
obesity substantially increases the risk of dying from prostate cancer. “These
data suggest that one shoe doesn’t fit all, and it may be very important to
separate the different disease types,” she said.

Growing evidence also indicates that obesity during childhood can
increase the risk of childhood cancers, such as leukemia, and young-onset
brain tumors, Dr. Ballard-Barbash noted. “This is an issue that is urgent

Copyright © National Academy of Sciences. All rights reserved.
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6 THE ROLE OF OBESITY IN CANCER
ENERGY BALANCE

Energy Intake Total Energy Expenditure (TEE

(Calories In) (Calories Out)

Modified by ingestion

and/or absorption. Resting Metabolic Rate (RMR)

(energy needed to maintain body
function at rest, ~ 60-75% TEE)

Thermic Effect of Food
(energy for digestion/metabolism 5-10% TEE)

Physical Activity
(15-30% TEE)

FIGURE 1 Energy balance. Weight maintenance occurs when energy input equals
energy expenditure, with gains and losses occurring when there is an imbalance. A
gain of one pound occurs when approximately 3,500 calories are consumed in excess
of energy needs. For most individuals, resting metabolic rate (RMR) comprises the
major component of energy expenditure, accounting for 60-75 percent of energy needs
(IOM, 2005; Pi-Sunyer, 2000). Resting metabolic rate is largely governed by lean tissue,
which has a higher metabolic rate than adipose tissue. Neoplastic tissue also may have a
higher metabolic rate, though a study of 200 cancer patients compared to 200 healthy
controls found that metabolic rate was highly variable among cancer patients (50-175
percent of predicted values) and greatly influenced by tumor stage and site (Knox et
al., 1983). Speculation also exists that RMR may be influenced by various cytokines,
though more research is necessary (Pi-Sunyer, 2000). The Thermic Effect of Food, also
known as Specific Dynamic Action, is the energy needed for digestion and metabolism
of food—transient energy needs that go above and beyond normal metabolism. The
Thermic Effect of Food accounts for only 5-10 percent of energy needs and is dependent
upon the magnitude of dietary intake, and also may be influenced by the consumption
of specific foods or food-related substances. For example, tea, capsaicin, and caffeine
may increase metabolism even further (Bell and Goodrick, 2002), though more studies
are needed to determine if these transient increases are clinically meaningful. Physical
activity comprises the third component of energy expenditure and for individuals living
in the developed world, usually accounts for 15-30 percent of energy needs. The energy
expended for physical activity is the most modifiable component of energy expenditure.
Furthermore, given the potential of exercise (especially resistance training) to increase
lean body mass, physical activity also may act indirectly to increase RMR.

SOURCE: Demark-Wahnefried presentation (October 31, 2011). Reprinted with per-
mission from Wendy Demark-Wahnefried.
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BOX 2
How Obesity Is Measured

There are several assessments of overweight and obesity;
the most common is body mass index (BMI). BMI is weight (kg)/
height squared (m?). It is frequently used in studies because it is a
single measure that can be determined easily, Dr. Susan Gapstur
pointed out, and is comparable among studies. Below are the
World Health Organization criteria for overweight and obesity:

Underweight = BMI < 18.5 kg/m?
Normal weight = BMI 18.5-24.9 kg/m?
Overweight = BMI 25.0-29.9 kg/m?
Obese = BMI 30+ kg/m?

An individual’s body fat distribution can also be assessed with
anthropometric methods such as measurements of waist and hip
circumference or the ratio of the two, or techniques such as air
displacement or bioelectrical impedance to determine percentage
of body fat. BMI correlates well with percentage of body fat in the
average population, according to Dr. Gapstur.

for our children, even beyond what the effect will be in their adult lives,”

she said.

MOLECULAR MECHANISMS

The variability in how obesity affects the incidence, progression, or
mortality of various cancers suggests that these effects derive from multiple
mechanisms, which animal research supports. This research implies a web of
interacting hormones, growth factors, cytokines, and inflammation media-
tors that promote tumor initation and growth.

As Dr. Berger noted, an excess of nutrients causes an imbalance in
energy. This imbalance causes oxidative stress and abnormalities of fatty acid
metabolism that foster inflammation and insulin resistance (Figure 2). This
results in a number of processes that underlie cancer initiation and promo-
tion, including DNA damage, cell division, delayed cell death, an increase
in blood vessel formation, and cell migration (Figure 3).

The complex interactions between all the obesity-activated hormones

Copyright © National Academy of Sciences. All rights reserved.
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FIGURE 2 An integrative view of obesity.
SOURCE: Berger presentation (October 31, 2011). Adapted from Wisse et al. (2007).

An Integrative View of Obesity. Science 318:928-929. Reprinted with permission from
AAAS and Nathan Berger.

and growth factors make it difficult to pinpoint targets for interventions.
“It’s important to remember that if you are directing your therapy at leptin,
for example, or at reducing insulin levels, all these other factors are going on
simultaneously. If we really are going to attack the obesity—cancer link, ic’s
going to require attacking many of these components, if not all, simultane-
ously,” Dr. Berger said.

Dr. Berger stressed the crosstalk that occurs among several different
obesity-activated pathways leading to cancers, as well as the cellular signal-
ing that occurs among fat tissue, the immune system, and cancer cells. Dr.
Derek LeRoith, director of the Metabolism Institute and chief of Endocri-
nology, Diabetes, and Bone Diseases at the Mount Sinai School of Medi-
cine, agreed, pointing out that animal models can help researchers delineate

Copyright © National Academy of Sciences. All rights reserved.



The Role of Obesity in Cancer Survival and Recurrence: Workshop Summary

19310q ueypeN woyy uorsstwiad Y parutiday (10 1819g pue poN woxy padepy (1107 ‘1€ 12q010Q) uoneiuasaid 19819g :FOYNOS
*10108] 1013 [erayrda Te[noses = JOTA 10108] SISOIAU

Towmn = N [, ‘op11oo[3in = o) T ‘urnqo[3 Surpuiq suourioy xas = DS sa10ads uadLxo aansear = Oy ‘urpue[deisord = g0 J L10IQIYUT 101BATIOR
uaSourwseyd = [y ‘eLpuoypoIw = 0w furno01d onderowayd Ahdouow = JHIN seydomew = YA U napuT = Ty suroid Surpuiq 10108f
IMO0I3 INI[-UINSUT = STE,{D] 10198 [IMOI3 d¥I[-UIMSUT = ,[H] ‘PIoe A11e] 221) = Y] sUI01d 2AN08I-D) = YD) Xopul ssew £poq = [ING ‘T.LON

*2WOIPUAG S1[0qeId]A A Jo stuauodwod oq os[e Aewr 1Y) $21N1L3J [EUONIPPE 2T 1X2) AN[q UT PIOUIP SIOIOE]
"2WOIPUAG JT[OQEINA] Y1 UT $ITNIEDJ 210D JIB 1X2) PI UT PAIOUIP SI0IOE] "SISAUIFOUIDIED PANBAI-AIISICO UT PIAJOAUT SIOIOR] JANEING € TYNDI

1ssalbo.id pue uonouwiold || Li

noydody 1 npy suaBoupy uoneibipy saboibuy
-nuy abeweq wNa g : 1122 ; .
: _o_umzmmk
4o1ampE01E ) spidec-o) anpE0IE
EEm.ﬂ
98Hs 4
soH
sag4014 ba91] v ou_._.____ﬂwmm_”_mm ugosuodipy
as02n|0) ;
S 10IpEAST
aunlalsolsal A .m_lr»_lri.l_ ==
91 oMl i Ut
a4 O ‘b-don el
—— z-39d (
di-11 ‘9 “sevodipy _
2dNL BNSSIL 2500IPY
mEnE

FIURUBYPUMIND ISIEA

Copyright © National Academy of Sciences. All rights reserved.



The Role of Obesity in Cancer Survival and Recurrence: Workshop Summary

10 THE ROLE OF OBESITY IN CANCER

which molecules and pathways underlie the obesity—cancer link, but that
those individual compounds or pathways need to be kept in context. “It’s
all of them, and hitting one may be insufficient,” he said, adding that many
pharmaceutical companies are trying to develop combination therapies that
target two or more key molecules in different pathways simultaneously.

Some of these molecular pathways could foster cancer initiation or
promotion, or both. For example, Dr. Pamela Goodwin, senior scientist and
Marvelle Koffler Chair in Breast Cancer Research at Mount Sinai Hospital,
noted that obesity is linked to an increased risk of breast cancer progression,
but not initiation in premenopausal women. Obese premenopausal women
actually have a lower incidence of breast cancer than premenopausal women
of normal weight, perhaps because of abnormal estrogen metabolism and/
or other factors related to having an energy imbalance, Dr. Gapstur pointed
out. Dr. LeRoith suggested the low testosterone of obese men may protect
them from developing prostate cancer, but once they develop this tumor,
obesity and the excessive insulin production it causes could foster the
aggressive growth and metastasis of prostate cancer. Dr. Stephen Hursting,
professor at the University of Texas at Austin, and MD Anderson Cancer
Center, pointed out that studies using a variety of animal models support
the premise that obesity fosters cancer promotion, but the link between
obesity and cancer initiation is more tenuous.

Dr. Berger noted that the heightened metabolism of fatty acids that
occurs in obese individuals might increase DNA damage due to oxidation.
Buc little to no evidence shows that this DNA damage triggers a malignant
transformation, even though DNA damage in general has been shown to
cause cancer. He questioned whether obesity actually fosters the initiation
of cancer, or rather causes cancer promotion so that the cancer is diagnosed
earlier in life.

“Data exist to support the latter for pancreatic cancer (Harvey, 2011),
but for none of the other cancers. This is a really important question,
because if obesity is causing one of the initial mutations, then we need to
treat it early and think about how to block the mutations. But if obesity
is really causing progression, then there will be whole different strategy to
deal with it,” Dr. Berger said. Dr. John DiGiovanni, professor of pharmacol-
ogy, toxicology, and nutrition sciences at the University of Texas at Austin,
noted that the AKT-mTOR pathway that is activated in obese animals is
linked to increased risk of developing a cancer, as well as to the progression
of many cancers.

There was general agreement, however, that cancer is a disorder whose

Copyright © National Academy of Sciences. All rights reserved.
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hallmark is abnormal regulation of the growth and survival of cells, and
that fat cells generate many hormones, growth factors, and cytokines that
can disrupt regulation of cell growth and survival. The key mechanistic
molecular factors discussed at the workshop were estrogen, insulin, insulin-
like growth factor 1 (IGF-1), leptin, adiponectin, and adipokinase, as well
as several mediators of inflammation.

Estrogen

Seventy percent of all breast cancer patients are postmenopausal
women. Most of the estrogen produced in postmenopausal women is
derived from fat tissue via the enzyme aromatase, which converts adrenal
androgens into estrogen. The more fat tissue there is, the greater the levels
of estrogen produced and in circulation. Such estrogen can fuel the growth
of estrogen receptor—positive breast cancers. Studies show that mice made
obese by being fed a high-fat diet and then inoculated with breast cancer
cells had significantly greater tumor growth rates than mice similarly inocu-
lated, but fed a normal diet (Sabnis et al., 2009). When inoculated obese
mice were given an aromatase inhibitor, the tumor growth rate was mark-
edly inhibited, reported Dr. Angela Brodie, professor of pharmacology and
experimental therapeutics at the Marlene and Stewart Greenbaum Cancer
Center of the University of Maryland School of Medicine.

Clinical studies confirm that circulating estradiol levels are linked to
risk of recurrence of breast cancer, but Dr. Goodwin pointed out this mech-
anism does not explain the association of obesity with premenopausal breast
cancer outcomes or with estrogen receptor—negative breast cancer outcomes
(Pierce et al., 2007a). Dr. Gapstur added that it also does not explain why
estrogen is linked to both pre- and postmenopausal endometrial cancer risk
(Reeves et al., 2007).

Insulin

Dr. Goodwin and others have data to suggest that another factor mak-
ing obese women more susceptible to breast cancer recurrence and death is
the higher than normal insulin level that is often linked to obesity. Increases
in BMI correlate closely with increases in fasting insulin levels in the non-
diabetic population, Dr. Goodwin noted, and greater levels of insulin are
linked to increased risk of distant recurrence and death in breast cancer
patients (Gallagher and LeRoith, 2011; Goodwin et al., 2002).

Copyright © National Academy of Sciences. All rights reserved.
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She pointed out that a fetal version of the insulin receptor is overex-
pressed in breast cancer cells and can combine with itself or with IGF-1 to
turn on the PI3K or Ras/Raf signaling pathways known to foster the growth
of several types of cancers. In women with early-stage breast cancer, total
expression of the fetal insulin receptor is linked to worse survival rates, as is
activation of the receptor by IGF-1.

Insulin effects on breast cancer prognosis often are not apparent 5
years after diagnosis, suggesting that “insulin may be an early mediator
of the prognostic effects of obesity in breast cancer, but other factors are
going to be important later on,” said Dr. Goodwin. One of those factors
appears to be leptin. She recently showed that higher levels of leptin are
linked to an increased risk of distant recurrence and death from breast
cancer—an effect that persists beyond 5 years postdiagnosis (Goodwin
etal., 2012).

Dr. LeRoith added that “insulin could be a major player, not just as
an indicator of insulin resistance, but actually as a hormone that is driving
cancer growth.” He and his research partners genetically engineered mice
with severe muscle, liver, and fat cell insulin resistance, which resulted in
elevated insulin levels and an inability to metabolize their diet properly, akin
to what occurs in people with type 2 diabetes (LeRoith, 2010). The mice
were highly susceptible to developing breast cancer. Unlike most people
who have insulin resistance, the experimental mice were not obese, giving
the researchers the opportunity to assess the role that high levels of insulin
without concurrent obesity plays in fueling breast cancer growth.

The breast cancers that developed in the mice with elevated insulin
levels were much more aggressive and had greater tumor growth than
those that developed in the mice with normal insulin levels. Insulin acting
through a fetal insulin receptor was promoting tumor growth, according to
Dr. LeRoith, but not initiating tumors. When the receptor was blocked or
the levels of insulin in circulation were lowered, the growth of the tumor
was similar to that seen in the normal mice. “By bringing down the insulin
level or by blocking its receptor, we can show that the hyperinsulinemia is
driving the excessive tumor growth,” he said. Other studies he conducted
found that high insulin levels also fueled the growth of breast cancer metas-
tases in the genetically engineered mice, and that excessive growth could
be blocked by inhibiting the insulin receptor or by bringing down insulin
levels.

Copyright © National Academy of Sciences. All rights reserved.
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Other Molecular Mechanisms

In addition to insulin, a number of other hormones, enzymes, and
growth factors that govern cellular energy balance and growth are thought
to play a role in increasing cancer risk in obese individuals, including

e IGF-1, which stimulates cell growth and proliferation and inhibits
programmed cell death by activating the AKT signaling pathway.
This pathway has been implicated in a number of cancers.

e AMP kinase, an enzyme that acts as a metabolic master switch,
using its energy-sensing capabilities to trigger the cellular uptake of
sugar and the breakdown of fatty acids when cells need more energy.
AMP kinase also modulates insulin levels.

e Leptin, a hormone that is an appetite suppressor. Weight loss
decreases leptin levels.

o Adiponectin, a hormone that regulates sugar uptake and the break-
down of fats mainly by upregulating AMP kinase. Adiponectin is
linked to greater energy expenditure, and weight loss increases the
amount of this hormone.

Animal models have helped researchers understand how all these fac-
tors interact in the complex signaling that occurs in response to changes in
calorie intake from the diet (Chen, 2011). This research indicates that when
mice are put on a calorie-restricted diet (30 percent less than normal), their
IGF-1, insulin, and leptin levels decrease and adiponectin levels increase.
In some, but not all, tissues, their AMP kinase levels also increase. Under
these calorie-restricted conditions, transplanted tumors do not grow, nor
do tumors proliferate in response to the tumor promoter TPA. In contrast,
mice with diet-induced obesity have elevated levels of IGF-1, insulin, and
leptin and lower levels of adiponectin levels, and tumors grow rapidly. These
results are seen for several different types of tumors. “This is a fairly consis-
tent story,” Dr. Hursting noted, although he added that some tumor models
are more responsive to IGF-1, while others are more responsive to insulin.

To parse out the role IGF-1 in particular plays in obesity and cancer,
Dr. LeRoith genetically engineered a mouse to have abnormally low cir-
culating levels of IGF-1, similar to what is seen in mice on a 30 percent
calorie-restricted diet (Moore et al., 2008b). The researchers observed the
same reduced effects on tumor growth in these mice that they saw in the
calorie-restricted mice. These mice with reduced IGF-1 levels had a reduced
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tumor proliferation response when given TPA, similar to what was seen
with the calorie-restricted animals. This resistance to tumor growth was
accompanied by reduced signaling in the IGF-EGF-AKT-mTOR pathway,
which is notorious for spurring the growth of several types of tumors. Fur-
ther studies in Dr. DiGiovanni’s lab suggest that changes in dietary energy
modulate crosstalk between IGF-1 and the EGF receptor by reducing cir-
culating IGF-1 levels (Moore et al., 2008a).

In addition, when mice with low levels of IGF-1 were put on a calorie-
restricted diet, tumor growth was virtually eliminated, accompanied by a
further reduction in IGF-1 levels, in contrast to those mice with genetically
engineered low IGF-1 levels that were put on a diet that made them obese.
Tumor growth was partially restored in this latter group of obese mice, even
though IGF-1 levels were not increased. According to Dr. Hursting, these
findings indicate that the leptin/adiponectin ratio is key to tumor growth.
This ratio rises in response to diet-induced obesity, but not to further
increases in IGF-1 (Hecker et al., 2011; Hursting and Berger, 2010)

The importance of the leptin/adiponectin ratio was confirmed in other
studies conducted by Dr. Hursting, which showed that transplanted tumors
do not grow in genetically obese mice that have high insulin levels, but low
IGEF-1 levels and a low leptin/adiponectin ratio (Zheng et al., 2011). This
was in contrast to genetically diabetic mice that also are obese and have
high insulin levels, but low IGF-1 levels. These mice have very high leptin/
adiponectin ratios and when tumors are transplanted into them, they grow
exponentially. “The phenotype is not necessarily driving this, but [rather]
the consequences of the phenotype,” Dr. Hursting said. He stressed that
whether IGF-1, insulin, or leptin is the main driver in the obesity link to
cancer may not be as important as the fact that all these molecules affect
the same downstream AKT-mTOR pathway. This pathway induces tumor
cell growth and staves off tumor cell death and has been implicated in a
number of cancers.

Drs. Hursting and DiGiovanni both stressed the importance of
mTOR as a major convergence point on these multiple pathways triggered
by increased calories in the diet and suppressed by caloric restriction (see
Figure 4). AKT-mTOR signaling was also activated in a non-obese diabetic
mouse that had high levels of insulin and IGF-1, suggesting that the insulin
resistance fostered by obesity is more important in promoting tumor growth
than the obesity per se. “It may not be the adiposity, but the consequences
of that adiposity, that are key [in promoting tumor growth],” said Dr.
Hursting. The importance of mTOR signaling was supported by findings
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FIGURE 4 Converging signaling pathways.

NOTE: AdiopR = adiponectin receptor; AMPK = 5" adenosine monophosphate-
activated protein kinase; IGF = insulin-like growth factor; IL = interleukin; IRS = insulin
receptor substrate, JAK = Janus kinases; mTOR = mammalian target of rapamycin;
P = phosphorylated; PI3K = phosphoinositide 3-kinase; STAT = signal transducer and

activator of transcription; TSC = tuberous sclerosis protein.
SOURCE: Hursting presentation (October 31, 2011). Reprinted with permission from
Stephen Hursting.

that when mice are genetically engineered to have excessive mTOR signal-
ing, caloric restriction does not protect them from the enhanced tumor pro-
motion that signaling provides. “Calorie restriction is restricting the mTOR
pathway and obesity is increasing it,” Dr. Hursting stressed. He noted that
genetic mutations in this key pathway or upstream or downstream from it
will override the effects of calorie restriction.

Inflammation

Dr. Andrew Dannenberg, director of Weill Cornell Cancer Center,
showed evidence for his hypothesis that obesity-induced inflammation
deregulates pathways previously implicated in the development or progres-
sion of breast cancer (Subbaramaiah et al., 2011). The inflammation seen
in abdominal and breast fat is induced by the breakdown of lipids into fatty
acids, which can activate immune system cells called macrophages, via a
receptor called NF-kappaB (NF-kB). Fatty acids latching onto this receptor
on macrophages trigger the production of inflammatory mediators such as
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prostaglandin E2, IL-1, IL-6, and TNF-alpha. Many of these compounds
can induce aromatase to produce more estrogen locally in this breast and
abdominal fat. This pathway could explain why obese postmenopausal
women are susceptible to an increased risk of breast cancer.

Evidence for this mechanistic pathway comes, in part, from Dr.
Dannenberg’s studies in mice. He removed the ovaries from the mice and
then fed them a high-fat diet, which caused them to become obese. He then
examined their tissues and found numerous crown-like structures—fat cells
surrounded by a ring of macrophages. These mice also had increased levels
of several inflammatory mediators and, and the fatter the mice, the greater
the levels of aromatase activity in their mammary glands or abdominal
fat. The same results were seen in genetically obese mice that were leptin
deficient.

To see if his animal findings are relevant to women, Dr. Dannenberg
examined normal breast tissue removed from women undergoing breast sur-
gery. He found that the crown-like structures seen in the fat tissue of obese
mice also occurred in about three-quarters of the breast fat tissue removed
from overweight and obese women, but in less than 10 percent of the
breast fat tissue removed from women of normal weight. The macrophages
in these crown-like structures had activated NF-kB receptors. In addition,
the severity of the breast inflammation seen in these tissues strongly cor-
related with the women’s BMI. Dr. Hursting said that in his studies, he too
often sees the crown-like structures of macrophages surrounding fat cells
in tumors.

Dr. Dannenberg hypothesizes that when women gain weight and their
BMI increases, fat cells in the breast expand. These enlarged fat cells are
more likely to die, he speculates, triggering the release of saturated fatty
acids that bind to the NF-kB receptors of macrophages and start the cascade
of inflammation and subsequent excess production of estrogen in breast
tissue. He showed that the severity of inflammation seen in the breast fat
correlated with fat cell size, supporting this theory. This led him to develop
an inflammation index that correlated more strongly with aromatase
activity than the BMI measure, which he claimed is “a crude predictor of
physiology.”

The take-home message, according to Dr. Dannenberg, is that “inflam-
matory mediators are likely to be critical for the induction of aromatase in
the context of obesity and teaches us a better way to think about disease
pathogenesis and how to evaluate specimens.” He suggested that the crown-
like structures of fat cells surrounded by macrophages that he discovered
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could be a useful biomarker of breast cancer risk or poor prognosis, and
that strategies that disrupt the obesity—inflammation axis may be useful for
reducing the risk of breast cancer or its progression. He said the role that
inflammation might play in postmenopausal breast cancer is consistent
with the documented role of inflammation in several other types of cancers,
including esophageal, stomach, liver, and colon cancers.

Dr. Berger’s animal study findings implicate fat in the diet as causing
intestinal cancer by modulating inflammatory pathways as well. He found,
in mice resistant to obesity, that a high-fat diet led to an increase in the
number of intestinal tumors and overall tumor burden, even though the
mice remained lean on the high-fat diet. This tumor growth was preceded
by an increase in leptin and a decrease in adiponectin, and was linked to an
increase in inflammatory mediators such as IL-6 and IL-1 beta. “High-fat
diets stimulate cancer progression, independent of obesity or diabetes,” Dr.
Berger stressed.

In addition, Dr. DiGiovanni found in obese animals an increase in
infilerating macrophages and lymphocytes, an increased production of
inflammatory mediators in their prostates, and an increased production
of VEGE which can support the growth of blood vessels needed to feed
tumors. “The mechanisms that are involved in the dietary energy balance
effects in prostate cancer are complex and involve many pathways,” Dr.
DiGiovanni said. Although these mice also experienced the same changes
in growth factor signaling seen in his other diet-induced obesity and skin
cancer experiments described previously, there were bigger changes in the
degree of inflammation and angiogenesis seen in the prostate of the obese
mice. “In this prostate model, inflammation seems to play a much greater
role and the diet seems to affect primarily the progression of the prostate
lesions in these mice,” he said.

But Dr. Dannenberg postulated that “the obesity—inflammation con-
nection is likely to be relevant for both risk and recurrence of cancer,” and
not just to breast cancer but other cancers, such as prostate. He noted that
the inflammatory process he discovered in breast cancer is not solely acting
through aromatase activation to increase breast cancer risk. “One shouldn’t
have blinders on when we make findings on aromatase and recognize that
inflammation will have many, many effects locally and systemically, and
provides a substrate for thinking about everything from insulin resistance
to local effects.”

Dr. Dannenberg summed up the molecular mechanisms related to
energy balance by saying, “The take-home message is that cell signaling,

Copyright © National Academy of Sciences. All rights reserved.
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inflammation, and epigenetics are the key collection points for us to really
focus on in terms of breaking the obesity—cancer connection. It’s the inter-
face of these areas that is going to be really exciting.”

The Role of Stem Cells

Recent and mounting evidence implicates cancer stem cells as playing a
major role in carcinogenesis and cancer progression. Dr. Madhuri Kakarala,
clinical lecturer at the University of Michigan School of Medicine, related
this stem cell hypothesis to how obesity might increase cancer risk. As she
explained, the stem cell hypothesis posits that not all cells in a particular
organ system can become malignant and generate a tumor and metastasis,
but rather there is a subpopulation of stem and early progenitor cells that
have the capacity for self-renewal and differentiation. Epithelial cells with
stem cell properties in breast milk ducts are long lived, and once they
accumulate enough mutations, they can develop into breast cancer cells.
These cancer cells are supported by surrounding mesenchymal stem cells,
which include fat cells. The stem cell hypothesis suggests that the reason
why current chemotherapies are often not successful in eradicating cancer
in patients is because they target differentiated cells with a rapid turnover,
whereas stem cells that are dormant much of the time are relatively resistant
to these standard cancer treatments. But when stem cells are stimulated
from dormancy by inflammation or other factors, that can lead to metastasis
and cancer recurrence.

In the human breast, researchers identify stem and early progenitor
cells by aldehyde dehydrogenase staining, and by their distinctive cell sur-
face markers (Kakarala and Wicha, 2008). In invasive breast cancer, cells
that are stem cell marker—positive appear on the leading invasive edge.
These cells are nursed by inflammatory mediators released by fat cells in
the vicinity. Such cytokines can trigger the stem and early progenitor cells
to slip into the vascular system and travel to other sites, where they form
metastases that are also stimulated to grow by the cytokines and hormones
released by fat cells. Dr. Kakarala said several research groups have found
that fat cells release several hormones, growth factors, and cytokines that
activate signaling pathways that are key to the migration of stem cells and
can prompt the “epithelial-mesenchymal transicion (EMT)” that is needed
for the metastasis of tumors (Thompson and Haviv, 2011). These growth
stimulators include IGF-1, leptin, IL-6, and adiponectin (Figure 5).

Dr. Hursting’s lab has also found that the tumors of diet-induced obese
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SOURCE: Kakarala presentation (October 31, 2011). Reprinted with permission from
Madhuri Kakarala.

animals are especially enriched with markers for EMT compared to animals
on a calorie-restricted diet. He said this suggests that many EMT regulators
are under epigenetic control and influenced by obesity.

The Role of Diet

There was some discussion at the workshop about whether the type of
diet, especially the fat and carbohydrate content, was more important for
cancer risk than the total number of calories. This is an important issue,
Dr. Berger noted, because of the current popularity of the high-fat, low-
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carbohydrate diets. Although such diets may be effective at fostering weight
loss, they may be carcinogenic if fats play as significant role in promoting
tumors in people as it does in mice, he said. “Every obese person is presum-
ably bathed in all these cytokines and hormones, and yet every cell in their
bodies is not becoming cancerous. So there is something, in addition to the
obesity, and it may well be whether your obesity is driven by carbohydrates
or by fat,” Dr. Berger added.

Dr. Hursting said his studies suggest that it is obesity and its associated
metabolic changes, and not the dietary factors causing the obesity that are
key to providing the mechanistic pathways to cancer (Harvey et al., 2011).
Buct he also noted recent data suggesting that high fructose intake may be
driving the development of fatty livers, which might exacerbate the inflam-
matory and cell signaling effects he and others have linked to cancer risk
(Abdelmalek et al., 2010). Dr. LeRoith said studies show that growth factors
such as insulin and IGF-1 stimulate the glycolytic pathway that promotes
the DNA and lipid synthesis needed for cell proliferation, suggesting that
the breakdown of sugar in the diet combined with these growth factors may
be what is driving cancer growth. Dr. Demark-Wahnefried also stressed in
her presentation that the source of calories can affect cancer progression just
as much as the resultant energy balance disruption, pointing to a study by
Dr. Jeffrey Meyerhardt, of the Dana-Farber Institute and Harvard Medical
School, that showed patients consuming a Western diet were more likely
to experience cancer progression compared to those consuming a prudent
diet (Meyerhardt et al., 2007). (A Western diet is characterized by a higher
intake of red meat, processed meat, sugary desserts, and refined grains. A
prudent diet is characterized by higher intakes of fruits, vegetables, and
whole grains.)

There also was some debate on whether obesity is the true cause for
increased cancer risk, or rather the most common external face (phenotype)
of an inner energy imbalance that more directly heightens cancer risk due
to altered metabolism and specific cell signaling pathways. In other words,
is obesity a symptom of an underlying long-term energy imbalance that
heightens cancer risk, or a more direct cause of that elevated risk? “I think
its both,” said Dr. Berger. “If you use it as a distinct measurement, then it’s
a symptom, but if you consider it a dynamic process that involves all these
aspects of inflammation and adipokines and cytokines, then it becomes a
prime mover.” Dr. DiGiovanni agreed that obesity is both a symptom and
a cause of cancer risk.

In contrast, Dr. Dannenberg argued that obesity is a symptom, and
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is an insufficient term for the processes that underlie the condition. He
stressed that his work showed there are people with elevated BMI measure-
ments who have no inflammation, although most do. “There’s a disconnect
between the phenotype that we have labeled ‘obesity’ and the underlying
physiology. Similarly, when we use the term ‘inflammation,” we are using a
very crude term for a very complex process.” He pointed out that inflam-
mation, for example, can encompass the actions of T cells, in addition to
the macrophages that seem to play an important role in fostering cancer
risk. “The pathobiology of obesity is exceedingly complex, and although
specific molecules will be relevant and the medicines that target them will
be somewhat helpful, the physiology that underlies obesity and its effects
on cancer risk is likely to be a constellation of multiple molecules,” Dr.
Dannenberg said.

CLINICAL EVIDENCE OF THE OBESITY LINK TO CANCER

Although findings in animals show strong links between cancer and
obesity or its subcomponents, such findings may not translate to what
occurs in people. “We all know that things we see in mice dont always
translate into humans, so it’s important to look at the clinical data to deter-
mine whether we can help differentiate the impact of these various factors
on cancer outcome,” stressed Dr. Jennifer Ligibel, assistant professor and
attending physician at Dana-Farber Cancer Institute and Harvard School
of Medicine. In addition to the general clinical evidence linking obesity to
cancer risk, as previously summarized in the introduction, several presenters
elaborated on the evidence linking obesity to the risk of incidence, recur-
rence, progression, and death for three common cancers: breast, prostate,
and colon.

Breast Cancer

As indicated in the overview, the obesity-related risk of developing
breast cancer varies by menopausal status. For patients diagnosed with can-
cer, a BMI in the normal range is associated with better outcomes for both
pre- and post-menopausal women (Protani etal., 2010). Dr. Goodwin noted
that the average body size and level of physical activity among women diag-
nosed with breast cancer differ from the general population. Her research
has shown that a BMI between 20 and 25 at diagnosis is linked to the best
outcome, with the lowest risk of distant recurrence or death (Goodwin et
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al., 2012). There is a gradual increase in risk of recurrence or death as BMI
increases. There is also an increased risk of recurrence and death for a BMI
under 20, which has been confirmed by other studies and is not explained
by the undiagnosed presence of metastases, because many of these women
develop their recurrences quite late. A recent meta-analysis of several stud-
ies of women diagnosed with breast cancer found that obesity is associated
with a one-third increased risk for both breast cancer—specific mortality
and all-cause mortality (Protani et al., 2010). Another meta-analysis by Dr.
Goodwin’s lab found a 30 percent increased risk of breast cancer—specific
death in obese or overweight individuals diagnosed with estrogen receptor
(ER)-positive breast cancer, with similar, though non-significant, findings
in the studies of women diagnosed with ER/progesterone recepror (PR)-
negative breast cancer (Decensi et al., 2010). “There was no evidence that
the effect of obesity on breast cancer outcomes differed by ER/PR status,”
Dr. Goodwin stressed.

Dr. Goodwin and colleagues found that the risk of developing distant
metastases 10 years after a breast cancer diagnosis was significantly increased
by 46 percent, and the risk of dying as a result of breast cancer after 30 years
was significantly increased by 38 percent for patients with a BMI of 30 or
more at the time of diagnosis (Ewertz et al., 2011). “BMI effects persist in
the long-term,” Dr. Goodwin stressed.

Recent studies suggest there is little evidence of an adverse prognostic
effect of weight gain after breast cancer diagnosis. However, in the cohort
of women who developed breast cancer within the Nurses’ Health Study,
weight gain after diagnosis was found to be associated with an increased risk
of recurrence, disease-specific mortality, and overall mortality (Kroenke et
al., 2005). “We have to explore associations like this in greater detail to see
if there is a subgroup of women that have a detrimental effect of weight
gain,” Dr. Goodwin said.

She summed up her talk by stating, “There is an association between
obesity and [poorer] breast cancer outcome,” and noted that this link was
not due to women who are obese or overweight being diagnosed later with
breast cancer than those who are slimmer, because most of the analyses
adjusted for stage at presentation.

Studies also show that some of the same factors found to play a role
in fostering the link between overweight or obesity and breast cancer in
animals might operate in women as well. Several studies show that elevated
insulin levels or fasting glucose levels are linked to increased risk of distant
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recurrence and death in breast cancer patients and those levels tend to be
higher in women with greater BMIs, Dr. Goodwin reported. In addition,
studies show that as BMI increases, serum estrogen levels increase, and that
increase at higher BMIs is linked to risk of breast cancer recurrence in post-
menopausal women, Drs. Goodwin and Brodie both noted. Dr. Ligibel also
said one study found that adiponectin levels were linked to breast cancer
outcomes, and another study linked levels of C-reactive protein (CRP), a
biomarker for inflammation, with breast cancer mortality (Duggan et al.,
2011; Pierce et al., 2009).

Prostate Cancer

Dr. Elizabeth Platz, codirector of the Cancer Prevention & Control
Program of the Sidney Kimmel Comprehensive Cancer Center and pro-
fessor of epidemiology in the Johns Hopkins Bloomberg School of Public
Health, reiterated the findings on prostate cancer described in the over-
view, highlighting the results from the NIH-AARP Diet and Health Study,
which found that BMI was positively associated with the risk of aggressive
disease, while inversely associated with incidence of prostate cancer in
general (Wright et al., 2007). “The patterns became more consistent once
[investigators] separated more aggressive fatal disease from disease that is
more indolent,” she said. She noted that the timing of body fatness might
be critical in determining prostate cancer risk. Increased risk of aggres-
sive, deadly prostate cancer may be linked to obesity that occurs before
diagnosis when the tumor first develops or after diagnosis and removal of
the prostate, when any remaining tumor cells at metastatic sites, such as
the bone, can grow.

Dr. Platz said there is emerging support that the extent of body fat-
ness and weight gain before or around the time of diagnosis of prostate
cancer can increase the risk of recurrence and death in men with prostate
cancer (Cao and Ma, 2011). She reported on one study in which obesity
was found to be associated with adverse pathological features and a greater
risk of biochemical progression (Freedland et al., 2005; Ma et al., 2008).
Another study linked obesity pre-diagnosis to increased risk of death from
prostate cancer (Ma et al., 2008). One study also found that men who
gain weight in the span from 5 years before to 1 year after prostatectomy
have a greater risk of recurrence of their prostate cancer (Joshu et al.,
2011). “Evidence is building that obesity and weight gain are risk factors
for poor outcome in men diagnosed with prostate cancer, but there are
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many knowledge gaps that we need to fill and methodological issues that
need to be addressed,” Dr. Platz summed up, adding, “The bottom line
is that obesity and weight gain may be something men can do something
about to change their risk of poor outcome after the diagnosis of prostate
cancer.

Colon Cancer

Dr. Meyerhardt stressed that there are consistent data showing a strong
association between being overweight or obese and the risk of developing
colorectal cancer (World Cancer Reasearch Fund and American Institute for
Cancer Research, 2007). There is also more recent evidence that obesity is
linked to the risk of cancer progression. The large randomized colon cancer
studies conducted by the National Surgical Adjuvant Breast and Bowel
Project found that the people with Stage II or IIT colon cancer who fared the
worst, in terms of disease-free and overall survival, were those who were very
obese (BMI greater than 36 kg/m?) and the people who were underweight
(but increased risk of mortality for underweight patients was dominated by
non—colon cancer deaths) (Dignam et al., 2006).

Dr. Meyerhardt also noted a study suggesting that mechanistic fac-
tors implicated in animal studies linking obesity to cancer also appear to
be operative in people with colorectal cancer. He analyzed data from the
Nurses’ Health Study and Health Professionals Follow-up Study and found
that those with the greatest circulating levels of C-peptide, a marker of insu-
lin secretion, and lowest levels of IGF binding protein 1 (a carrier protein
for IGFs) prior to colon cancer diagnosis had the worst overall mortality
(Wolpin et al., 2009).

CLINICAL STUDY DESIGN ISSUES

When conducting clinical studies assessing the link between obesity
and cancer and possible interventions to weaken that link, it can be dif-
ficult to parse the effects of obesity and other tightly interconnected factors
such as energy balance, physical activity, diet, and timing of weight gain
or loss. Consequently, researchers have to design studies carefully to avoid
confounders, bias, and other factors that might limit the strength of the
evidence and accurate interpretation of findings.

Randomized clinical trials, in which each subject is randomly assigned
to a treatment group or a control group before the start of the treatment,
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represent the “gold standard” for testing interventions, but such studies are
often quite expensive and complex. Moreover, it is often not feasible or ethi-
cal to assign participants to study groups of interest, such as randomizing
patients to eat a high fat diet. Most clinical studies to examine the impact
of obesity and related factors have relied on observational designs, in which
investigators collect information about the participants and attempt to draw
inferences and identify associations from the data.

As noted by Dr. Cheryl Rock, professor of family and preventative
medicine at the University of California, San Diego, “the devil is in the
details” when it comes to study design and interpretation. Several speak-
ers at the workshop pointed out limitations of clinical studies, including
insufficient, inappropriate, or inaccurate study measures; confounders due
to how obesity affects treatment and diagnosis of cancer; and accrual, selec-
tion, detection, recall, and “healthy person” biases.

Study Measures

Drs. Gapstur and Platz noted that often a single BMI measure used in
studies does not reflect the weight gained throughout adulthood. “A single
measure of BMI may not provide a complete picture,” Dr. Gapstur said.
This is especially true, Dr. Platz added, if the cancer risk linked to obesity
differs before or after diagnosis because of differential effects on causing
cancer or causing an aggressive cancer subtype before diagnosis versus caus-
ing cancer progression after diagnosis. In addition, the effects of weight gain
or loss or diet on cancer progression in individuals who are lean when first
diagnosed with cancer may differ from that of someone obese at diagnosis.
“We want to make sure we evaluate obesity across the entire life course, if we
can, so big prospective studies are going to be required for this,” Dr. Platz
said. Knowing someone’s dietary patterns both before and after diagnosis
is also needed to assess the impact of diet on cancer progression or likeli-
hood of survival, Dr. Rock pointed out. “It’s important to look at your total
lifetime dietary exposure,” she stressed.

Another frequent issue that is especially problematic when doing cross-
study comparisons is inconsistent or insufficient ways of measuring fac-
tors, such as IGF-1, insulin, leptin, or adiponectin levels. Studies typically
measure overnight fasting levels of these compounds. But if someone has
metabolic syndrome, Dr. Berger pointed out, levels of some of these mol-
ecules will recurn back to normal after an overnight fast, although they may
be abnormally high or low during the day. “Sometimes you need to do an
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insulin clamp or a glucose clamp? to really find out what’s happening with
someone’s insulin,” Dr. Berger said. He added the importance of measuring
phosphorylation of various receptors and other assays that can indicate the
activation of PI3K/mTOR downstream from hormonal pathway triggers,
such as IGF-1, insulin, or leptin.

Dr. Hursting added that the traditional IGF-1 assay in the human is
total IGF-1, but measurements of bioavailable IGF-1 are really needed.
He pointed out that there are also multiple forms of adiponectin that can
be measured, and the form most important for human studies on obesity
and cancer is not certain. “Going forward to really apply the lessons from
animals to the human, we need to come to grips with some of these mea-
surements,” Dr. Hursting said.

Dr. LeRoith recommended measuring total IGF-1 in epidemiology
studies because he questioned whether bioavailable or free IGF-1 even
exists in blood serum. “When you put free IGF-1 into anybody’s serum, it
disappears—it gets degraded. It has to be bound to be protected. So trying
to measure free IGF-1 in the serum is totally disconnected from free IGF-1
at the target tissue. Total IGF-1 is the measure we should be using to know
what IGF-1 is doing in the circulation that we can extrapolate to the tissue
in humans because it is the only one that can be measured appropriately
and consistently. All the others are very vague,” Dr. LeRoith said. He added,
however, that total IGF-1 measures will vary according to recent dietary
intakes. For example, in someone well nourished, IGE-1 levels typically go
up, but “You can be obese and drop your intake, and your IGF-1 will drop
dramatically. All of that has to be balanced and I don’t think they are in
many of these studies,” Dr. LeRoith said.

Another issue that frequently clouds the findings of diet studies in peo-
ple is that small eaters tend to overreport what they eat, and big eaters tend
to underreport what they eat, resulting in what Dr. Demark-Wahnefried
called “the flat-slope syndrome.” Dr. Rock agreed, noting that the actual
calorie intake of obese individuals can be 30 percent greater than what
they typically report. Under- and overreporting of exercise also occurs, Dr.
Demark-Wahnefried added. Accelerometers can help in physical activity
assessments, but they are not perfect, said Dr. Demark-Wahnefried, who
noted they occasionally break. Also, physical activity does not necessarily
correlate with physical fitness.

2 Methods for quantifying insulin secretion and resistance through infusion of
insulin or glucose.
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In addition, the applicability of study findings frequently is hampered
by inadequately representing various races,’ ethnicities, and people of differ-
ent economic standings in the study population, said Dr. Edward Partridge,
president of the American Cancer Society National Board of Directors
and director of the University of Alabama at Birmingham Comprehensive
Cancer Center. “As we approach this obesity pandemic, we need to think
about those populations that are most at risk—[a large] percentage of
African American women in the Mississippi Delta are obese or overweight,
for example,” he said. “And do disparate populations have bariatric surgery
available to them or does it cost too much?” he asked. Dr. Ballard-Barbash
agreed, noting that nearly all the U.S. data are from white populations.
“This is something we need to be paying attention to, particularly given
that we know that lack of insurance, low education, and low income are
all associated with less appropriate care in the United States for many types
of diseases, not just cancer,” she said. Dr. Demark-Wahnefried added that
there can be biological differences among ethnic populations that should
be assessed. One analysis of data from the HEAL (Health, Eating, Activity,
and Lifestyle) study found that the risk of having tumors greater than 1
cm at diagnosis goes up with rising BMI in whites, whereas it goes down
for Hispanics (Baumgartner et al., 2004). “We need to be cautious about
making sure that our sample population is at least representative,” Dr.

Demark-Wahnefried said.

Confounders

Several speakers noted that obesity can influence cancer diagnosis and
treatment. Obese women tend to be diagnosed with breast cancer at a later
stage, pointed out Dr. Goodwin. In addition, the types of cancer treatments
used and their effectiveness can be different in obese people versus people
of normal weight. Dr. Meyerhardt noted that obese men with colorectal
cancer are more likely to have colostomies and a slightly higher risk of recur-
rence than normal-weight men with the cancer because of the difficulties
of surgery in the obese pelvis compared to the non-obese pelvis. Dr. Platz
noted that extreme obesity can make complete prostate removal technically
difficult so obese men diagnosed with prostate cancer may be less likely to
have prostatectomies than men of normal weight. “The lower likelihood of

3 Note that race is not a biologic categorization. It is a complicated grouping that involves
culture, similar environmental influences, and usually a common area of geographic origin.
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cure in obese men may not be related to the biology of obesity, but merely
to the technical problem of removing the prostate in these men,” Dr. Platz
said. “Also, obese and lean men may be presented with and/or select differ-
ent treatment options, which may have different likelihoods of survival irre-
spective of extent of or change in extent of body fatness We need to think
about alternative explanations for what we are seeing,” Dr. Platz stressed.

Dr. Goodwin pointed out that because of toxicity concerns, capping
of chemotherapy for breast cancer was common in the past, and thus
obese women often did not receive sufficient doses, given their greater size.
This capping reduced treatment efficacy, especially in women with ER-
negative breast cancer, according to Drs. Goodwin and Ballard-Barbash.
Dr. Goodwin noted that current recommendations state that body size
should be used to calculate chemotherapy dose. She stressed that studies
done within the past 10 to 15 years took this into account, but older studies
did not. Chemotherapy in obese leukemia patients also may be less effec-
tive, as recent studies suggest fat cells that comprise a large portion of the
bone marrow in obese individuals can enable cancer cells to be resistant to
the effects of chemotherapy, Dr. Ballard-Barbash said (Behan et al., 2009).

Dr. Goodwin also noted that there is some emerging evidence that
the dose and type of hormonal therapy used in obese women with ER-
positive breast cancer might also have to be adjusted according to how
adequately the therapy blocks the production of estrogen from excessive fat
tissue. “These findings have not led to a practice change yet. But we will
be examining our dosing of aromatase inhibitors and our use of aromatase
inhibitors in overweight and obese individuals,” Dr. Goodwin said, noting
that without adjustment, hormonal therapy may be less effective in obese
and overweight women, influencing cancer progression risk independent
of the more direct effects of obesity on cancer cells. Dr. Brodie concurred,
pointing out a subgroup analysis of the ATAC trial (Arimidex, Tamoxifen,
Alone or in Combination) showing that when the dose of the aromatase
inhibitor Arimidex (Anastrozole) was adjusted according to BMI, there was
no increased risk of breast cancer recurrence in obese women compared to
normal weight women (Macedo et al., 2008). “For hormonal agents, such
as tamoxifen and aromatase inhibitors, adjustment of the dose to consider
body mass index is needed to optimize the effect of the treatment,” Dr.
Brodie said.

The hormonal effects of obesity may also lead to detection bias in
studies on prostate cancer and obesity, Dr. Platz pointed out. Surveillance
for early recurrence of prostate cancer is done by assessing blood levels of
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the prostate-specific antigen (PSA). But PSA levels are also related to tes-
tosterone levels in men, and such levels tend to be lower in obese men. This
could result in obese men being diagnosed with a recurrence of prostate
cancer at a later point than non-obese men, Dr. Platz suggested. “Will it be
the case that it will look like obese men have a delayed time to detection
and therefore we would be underestimating how strongly related obesity is
to poor outcome in these men?” she asked. In addition, hormonal therapy
in men with metastatic prostate cancers can cause weight gain and associ-
ated metabolic perturbations. “How will that affect the likelihood of poor
outcome—will this environment increase the risk of their metastases grow-
ing more and eventually leading to death?” Dr. Platz asked.

People who are obese also tend to have heart disease, diabetes, and
other comorbidities that can affect their ability to tolerate cancer treat-
ments and can adversely affect survival. These factors should be considered
when assessing the effects of obesity on cancer progression and survival, Dr.
Ballard-Barbash pointed out. She cited National Cancer Institute (NCI)
studies on patterns of care showing that for many different types of cancers,
guideline-based therapy was reduced for patients with one or more comor-
bidities. Kidney cancer patients were less likely to have surgery to remove
the affected kidney, for example, and bladder cancer patients had decreased
use of intravesicle chemotherapy.

Other confounders in studies assessing the effects of diet on cancer
risk include differences in the baseline diets between the study population
and the controls or the general population. As Dr. Ligibel pointed out, the
baseline diet in the WHEL (Women’s Healthy Eating and Living) study was
seven servings daily of fruits and vegetables, which was greater than what
was seen in the average American diet at that time. “It could be that there
is a threshold effect with diet, and in WHEL, the patients were too healthy
to see an improvement,” Dr. Ligibel said. In contrast, the WINS (Women’s
Intervention Nutrition Study) did not include women who were already
cating a lower-fat diet at the outset. That was an exclusion criterion, Dr.
Rock said. She also said that an increase in fiber in the diet lowers estrogen
levels (Rose et al., 1991), so if a high-fiber and lower-fat diet is found to
lower the risk of breast cancer, it may be from the effects of fiber and not
necessarily due to the lower fat intake.

Dr. Rock also said that for clinical trials assessing the effects of weight
loss, researchers frequently fail to make the distinction between intentional
weight loss due to diet and/or exercise versus involuntary weight loss that
might be due to an advanced cancer. Dr. Sharon Murphy, Scholar in Resi-
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dence at the Institute of Medicine, suggested that another potential con-
founder could be sleep, which affects leptin levels and eating patterns. Dr.
Demark-Wahnefried noted that sleep patterns are known to affect energy
intake and might affect energy balance. There are also studies showing that
certain sleep patterns are correlated with heightened cancer risk, she added.
Dr. Ligibel added that there is increased interest in sleep and its effects
on cancer risk, and researchers are increasingly collecting sleep behavior
information with the aid of accelerometers and other devices or surveys.
Dr. Ballard-Barbash noted that at a recent National Institutes of Health
(NIH) symposium on sleep and disease, there was interest in how circadian
rhythms, especially those that individual organs appear to have, might influ-
ence changes in cell cycling and related factors that may influence cancer
risk. Dr. Goodwin found in one of her studies that poor sleep was linked to
higher levels of insulin and insulin resistance in breast cancer patients, but
it was not independently linked to breast cancer outcomes.

Generalizability of Study Results

It can be especially difficult to assess which interventions are feasi-
bly applicable to the general population based on findings from clinical
trials. For example, those patients who opt to participate in clinical
research in which they must exercise more or make dietary changes tend
to be a highly motivated and energetic group not typical of the bulk
of the general population, who are overweight or obese, said Dr. Anne
McTiernan, director of the Prevention Center of the Fred Hutchinson
Cancer Research Center. “The people that you see in the intervention
trials are a very select group of people and eventually we are going to need
to come up with ideas of how to disseminate [behavioral interventions
to] the general population of cancer survivors,” she said. Patient advocate
and cancer survivor Kate Murphy, director of research communication
for Fight Colorectal Cancer, underlined this point by noting that “I am
much more the person that you need to think about.... T have a very
poor body image. I have scars from surgery, lumps from radiation and I
wobble around on feet that are not quite recovered from cisplatin.... I sit
in meetings all day or I'm sitting at an airport or in my home office. My
husband and I are early bird eaters that tend to go out for dinner rather
than stretch to prepare our own dinner, and the portions are very large.
We have found that fat is delicious. Making a change in diet and making
a change in exercise is difficult for us.”
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Dr. Demark-Wahnefried concurred that there often is accrual or attri-
tion bias resulting in a study population that is not representative of the
population to whom the findings will be applied. “To date, there have been
few diet and exercise interventions in cancer populations that characterize
those who decide to show up and participate versus those who don’t. We
really need that information in order to generalize,” she said.

Those who opt for home-based interventions in clinical studies also
tend to differ from those who opt for clinic-based interventions, so there
is a high likelihood of selection bias, she added. “When you undertake a
clinic-based trial you get the Marines showing up at your door and they are
much different than the kinds of people who do home-based interventions,
so you have to be cautious in assuming that it is the intervention that’s
working and not the patient population,” she said.

Dr. Goodwin also discussed the term “healthy person bias,” meaning
that those likely to adhere to a healthy diet are also the same people likely
to adhere to an exercise plan and other lifestyle measures. Several speakers
pointed out that this behavioral clustering makes it difficult to determine
from observational data what factors (such as diet, exercise, or weight loss)
are associated with the outcome. “You really have to interpret these findings
with a grain of salt. You can’t assume intervening will change [the] outcome
in unselected patients—we really need to recognize this,” Dr. Goodwin said.

A survey of breast cancer and prostate cancer survivors found overlap
in the proportion of people who consumed low-fat diets and the proportion
who exercised (Demark-Wahnefried et al., 2000), Dr. Demark-Wahnefried
pointed out. She added that an intervention itself—such as bariatric
surgery—can cause patients to exercise more because they feel more fit
(Bond et al., 2010). “We have to be able to control for those effects,” she
said, also stressing the need to control for body composition, which is
affected by cancer treatment. Chemotherapy, for example, can cause women
with breast cancer to gain fat mass and lose lean body mass over time, unlike
radiation therapy.

Dr. Meyerhardt noted that in observational studies of the effects of
physical activity on cancer outcomes, researchers should be concerned about
what he called reverse causality. “Is the exposure changing the outcome or
is the outcome changing the exposure?” he asked. To avoid reverse causal-
ity in his own observational studies, he does not measure outcome events
until they occur at least 90 days from first measuring physical activity. In
other words, he does not include in his analyses patients who develop a
cancer recurrence or patients who die within the first 90 days of measuring
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their degree of exercising. In addition, “we start the clock at the time of the
questionnaire,” he said.

Detection bias can be particularly problematic in studies of obesity
and prostate cancer because men who have more body fat tend to have
lower PSA levels compared to men of normal weight. So obese men who
develop prostate cancer may have PSA levels that are below the levels at
which a biopsy would be recommended and thus might be detected at a
later stage of cancer, Dr. Platz pointed out. Men who are heavier also tend
to have larger prostates, so the same number of cores taken to biopsy the
prostate in a man of normal weight may not adequately detect the cancer
in a man who is obese. Both factors combined may explain why obese men
tend to be diagnosed with more aggressive prostate cancer—the cancer has
progressed to a more aggressive type before it is detected in these men, Dr.
Platz suggested.

Clustering of unhealthy behaviors and other conditions also occurs, Dr.
Platz pointed out, noting that physical inactivity, diabetes, energy intake,
and smoking are factors that are highly correlated with body fatness and
could be influencing study findings. If not taken into account, factors like
smoking that are inversely correlated with obesity, but positively associated
with prostate cancer occurrence, would tend to produce an underestimate
of how strongly obesity may be associated with recurrence, she said. Dr.
Ballard-Barbash added that in the medical literature on cancer incidence,
there are few studies on obesity or BMI adjusted for physical activity.

Improper Analyses

A lack of consideration of the confounders previously described not
only hampers the accuracy of the study outcomes, but also influences
the accuracy of meta-analyses done using the study data, said Dr. Martin
Murphy, chief executive officer of the CEO Roundtable on Cancer. “Con-
founding and comorbidity factors play such a vital role in the real interpre-
tation of what’s going on. We could not only pay homage to science, but do
a great service going forward if we were to reflect on what the appropriate
tools are for doing these very important epidemiological studies,” he said.
Dr. Platz agreed, noting that because of the diversity in the designs and
populations of epidemiologic studies, it may not be appropriate to combine
their results via a meta-analysis to generate a single measure of association. A
scientific review that uses a consensus approach on the evidence often may
be more appropriate, she said.
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Dr. Ballard-Barbash also cautioned about combining datasets that are
not similar, such as combining data collected from patients diagnosed with
cancer 20 to 30 years ago with data from patients recently diagnosed. The
treatments these two groups of patients received are likely to be quite differ-
ent, she noted, “and there is no way we can control for those differences in
treatment if we are talking about a 30-year time window.” Cohorts of differ-
ent ages also probably should not be combined in meta-analyses, she added.

Study Design Suggestions

Several speakers and participants provided suggestions for how to
improve the designs and accuracy of clinical studies aimed at assessing the
effects of obesity on cancer or lifestyle measures to lessen those effects (Box
3). Given the mounting mechanistic evidence for how obesity increases
cancer risk in certain subtypes of people, several experts suggested designing
studies to include subset analyses and including large enough numbers of
those subtypes so that studies are adequately powered to do subtype analy-
ses. “When we look in a survivorship cohort or in population-based stud-
ies, we have to sort out the subtypes. We have to sort out ER-positive and
ER-negative breast cancer because they are completely different diseases,”
stressed Dr. Jo Anne Zujewski, head of the NCI Breast Cancer Therapeutics
Clinical Investigation Branch.

Dr. Rock agreed, adding that women should be stratified according to
their estrogen levels or degree of hot flashes. In her subgroup analysis of the
WINS data, she found that the diet intervention appeared to be more effec-
tive in women who had hot flashes versus those who did not. A lack of fund-
ing prevented collecting and analyzing estrogen levels on all women, but
women who were not having hot flashes had higher estrogen levels at the
beginning of the study, she pointed out. “This suggests there is a subgroup
of women who might benefit from this kind of dietary pattern—greater
intake of fruits, vegetables, and fiber,” Dr. Rock said.

Dr. McTiernan also stressed basing interventions on proposed mecha-
nisms. For example, she suggested testing interventions that might reduce
hyperinsulinemia, inflammation, or sex hormones, or other factors thought
to be driving the relationship between obesity and prognosis. She suggested
looking at and testing interventions that have been proven to reduce one or
more of these factors in people with diabetes or other patient populations.
Dr. Berger added that the level of exercise needed to improve quality of life
may be different than that required to lower the levels of insulin, leptin, or
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BOX 3
Suggestions from Individual Participants on
How to Improve Study Designs

e Include a diverse study population.

e Adequately power studies for subgroup analyses.

e Include participants with comorbidities and concurrent
medications, with appropriate analyses.

o Stratify women with breast cancer according to estrogen
levels.

e Base interventions on proposed biological mechanisms.

e Employ more electronically based interventions.

e Test interventions with documented efficacy in other dis-
ease populations, such as those with diabetes.

e Use stratified or individualized exercise programs.

¢ Include forms of exercise not based in the gym.

e Engage dietitians and other relevant non-medical
professionals.

e Facilitate ongoing contact with health care or other profes-
sionals to maintain weight loss.

e Include biomarkers for energy balance and undertake cor-
relative science.

e Use a body adiposity index rather than weight measure.

e Use age at diagnosis as a time metric.

e Collect measures of weight, alcohol and tobacco use, and
other factors that might influence long-term survival in can-
cer patients.

e Monitor for possible adverse effects of interventions.

e Screen for cancer treatment toxicity that might make exer-
cise dangerous.

e Focus recruitment primarily on patients who are post cancer
treatment.

other key biomarkers. “If you really want to prolong survival, you are going
to have to lower some of these cytokines,” he said. Dr. Ligibel suggested that
cancer clinical trials include biomarkers for energy balance, such as caloric
intake, BMI, and physical activity. “We need more studies showing that
there is a direct effect of these energy-balance changes on cancer outcomes
in people, as well as in mice. As we design these trials, we need to include
correlative science so we learn more about these pathways to determine how
these relationships are mediated,” she said.
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Dr. Robin Blackstone, president of the American Society for Metabolic
and Bariatric Surgery, suggested using a body adiposity index rather than
weight measures when studying obesity and cancer, as it is the fat mass in
the body that is likely to be the causative factor. The body adiposity index
may be more useful in places in the world where scales are not widely
available, and easier to use on severely obese individuals in whom it can be
difficult to measure waist circumference. “That’s something people might
want to make sure to collect as we go forward so that we can sort out the
difference between adiposity and BMI,” she said. Dr. Platz agreed, adding,
“We really need to figure out what it is we're trying to measure and then
the right tools to measure it.”

Dr. Patricia Ganz, professor at the University of California, Los Angeles
(UCLA), School of Medicine and Public Health, suggested that researchers
make an effort to include a diverse group of participants so that different
races and ethnic groups are adequately represented. This is especially impor-
tant, she stressed, given the growing numbers of cancer survivors who are
Hispanics, African Americans, and members of other minority populations.
“We have very little information on these groups even though they very
often do have obesity as a major risk factor,” Dr. Ganz said. Dr. Demark-
Wahnefried agreed that more studies need to be done on ethnic minorities
because their risk may differ from that of the general population. “We need
to make sure our sample population is at least representative,” she said. Dr.
Platz noted that using representative populations may not be sufficient to
draw conclusions in subgroups of studies. She said that we need to over-
sample racial/ethnic groups to ensure that we have adequate power to test
the effectiveness of the interventions in each racial/ethnic group.

To avoid having a study population that is fitter than the average cancer
survivor, several speakers stressed the need to include study participants
with comorbidities and on concurrent medications for those conditions.
But Dr. Ballard-Barbash said that investigators need to do the appropriate
analyses to account for a large degree of concurrent illnesses with cancer. She
suggested considering competing risk when analyzing data to sort out the
heightened risk of cancer mortality in obese patients from the heightened
risk of mortality from the various comorbidities that obese cancer patients,
especially those who are older, tend to have. Such an analysis is especially
important for studies that include a wide age range of patients, she said. She
also suggested using age at diagnosis as a time metric to control for similar
age groups with similar comorbidities.

Dr. Ganz commented on the importance of accounting for the effects
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of medications that cancer survivors might be taking for other conditions.
The diabetes medicine metformin, for example, could help lessen the effects
of obesity on cancer risk, but some drugs used to treat other conditions
might contribute to heightened cancer risk. For clinical trials enrolling
cancer survivors, Dr. Ganz also stressed the importance of collecting the list
of medications the participants are taking, as well as measures of weight,
alcohol and tobacco use, and other factors that might influence their long-
term survival. Although some people balk at the added expense and effort
of collecting such information, Dr. Ganz noted that the largest expense
involved in a clinical trial is recruiting subjects and obtaining consent.
“Once you have that cohort, asking these few additional questions will
elucidate so much more.”

In addition to measuring the possible benefits of exercise and diet
interventions, Dr. McTiernan suggested monitoring for possible adverse
effects. She conducted a study in non-cancer patients that linked weight
loss to a decrease in white blood cells, which might be problematic for
patients recovering from chemotherapy who typically have depressed
immune function (Imayama et al., 2011). She also noted another study
showing that breast cancer survivors who lost weight after diagnosis had a
greater risk of developing recurrences or dying (Caan et al., 2008). She also
stressed the importance of determining long-term effects of interventions,
such as weight loss or exercise, in addition to their short-term effects. Dr.
Demark-Wahnefried added, “Most of the studies that have been done in
diet and in exercise only last 12 to 24 weeks. If we are going to really make
an impact on cancer survival or cancer progression, we have to keep people
on the diet for a long time.”

Ms. Murphy, who has a genetic disorder (Lynch syndrome) that makes
her especially prone to developing cancer, suggested conducting interven-
tion trials in similar high-risk populations. It might be easier to assess
the effects of an intervention in such populations, she suggested, because
often the effects will be seen sooner than in a general population. Another
participant suggested conducting animal studies that explore epigenetic
effects, such as the microbiome (aggregate of microorganisms that reside
on or within the human body) and its effects on cancer risk. Dr. Hursting
noted such studies are important, but difficult to conduct. But he added
that the Microbiome Project? is developing tools to help researchers in this

# The NIH Common Fund’s Human Microbiome Project aims to characterize the
microbial communities found at several different sites on the human body, including nasal
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regard. Given all the limitations of observational trials, several workshop
participants stressed the need to study the effects of obesity on cancer risk
as well as the potential benefits and harms of various interventions within
randomized clinical trials. “An association is not the same as causation, and
the way we are going to prove causation is through randomized trials where
we change things,” said Dr. Goodwin. “We need to view these lifestyle
interventions as we would any other cancer intervention and require the
same level of rigor if we want to focus on cancer outcomes.”

Exercise Interventions

Dr. Berger expressed concern about conducting a study of an exercise
intervention that might be harmful to volunteers with cardiovascular or
other comorbidities. In the study he described, a stress test was conducted
on participants within 24 hours of stopping their medications to assess
baseline fitness. But many people who wanted to participate in the study
were unable to stop their medicines without their blood pressure shooting
up to dangerous levels. “Is our study going to wind up just taking people
who are very fit and dont have any cardiac and hypertensive abnormali-
ties?” he asked, adding, “How do you deal with people who have cardiac or
hypertensive comorbidities?”

Dr. Kerry Courneya, Canada Research chair in physical activity and
cancer at the University of Alberta, responded that the American College of
Sports Medicine has recommendations for patient risk and a risk stratifica-
tion approach that stipulates, for example, that patients at high risk may
need medical supervision or electrocardiogram monitoring. “Based on these
guidelines, a lot of patients would be at high risk,” he said, for high-intensity
exercise. But if participants will be doing a low- to moderate-intensity exer-
cise intervention, most recommendations do not require stress test screen-
ing or monitoring while exercising, he added. Dr. Courneya suggested that
the best approach is to have stratified or individualized exercise programs.
“We have an individualized exercise program that starts patients off where
they are at, and they progress to more exercise over time. Some may never
progress to the higher levels, but they progress enough to show benefits,”
he said.

Dr. Rock noted that because of safety concerns, most exercise inter-

passages, oral cavities, skin, gastrointestinal tract, and urogenital tract, and to analyze the role
of these microbes in human health and disease.
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vention studies in the obese exclude participants with BMIs greater than
40, which limits the applicability of the findings to people in that weight
category. “There is increasing evidence now that we have been overly
conservative in having that cutpoint at 40. In most of our studies now, we
include people with a BMI up to 45,” she said. Dr. Goodwin added that
she conducted a weight loss study that excluded participants with BMIs
greater than 40 because of the supposition that the intervention would not
be sufficient for women with higher BMIs, who should be referred to more
focused interventions that might include bariatric surgery. But Dr. Thomas
Wadden, professor of psychology and director of the Center for Weight
and Eating Disorders at the University of Pennsylvania Perlman School
of Medicine, countered that although researchers often have the concern
that lifestyle interventions are not going to be useful for people with BMIs
over 40, when these individuals are included in studies and subanalyses are
done, they discover that people with BMIs of 40 or greater respond as well
as people with BMIs of 30 to 35.

Workshop participants made several other suggestions related to
studying the effects of exercise. Dr. Demark-Wahnefried suggested exercise
interventions include other forms of physical activity besides traditional
gym-based activities. “We have to be more creative, particularly since not
all cancer survivors are going to be living near a gym. We really have to
offer interventions in different flavors,” she said, adding that in one of her
studies, gardening was the physical activity intervention. She found that
this intervention improved participant’s physical performance measures.
Dr. Wadden added that if the goal of physical activity is to lose weight, it
does not have to be intense aerobic activity, but anything that burns extra
calories. This includes lifestyle measures such as parking further away
from a store or not taking an elevator, so the participant walks more steps.
“Lifestyle activities seem to be as beneficial for weight loss as more inten-
sive planned and structured activity. Since the patients that we see hate to
exercise, we just give them pedometers and try to get them to take 5,000 to
10,000 steps a day,” he said. Dr. Ligibel noted that there are accelerometers
that patients can wear all the time to collect more accurate information on
their physical activity and sleep habits.

Dr. McTiernan added that many older people do not feel comfortable
increasing their heart rate with vigorous activity. “If you are constantly
pushing participants to get their heart rate up, they might get really fed up
and not want to come back,” she said and pointed out that if patients are
taking beta-blockers, they will be unable to have their heart rate increase
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into the range required for some studies. But she added that if people on
cardiovascular medications are excluded from participating in such stud-
ies, “then you will lose half your population. I would definitely include
them and have them on their medications in the morning. If you are
going to include diabetics in your sample, then I would have their doctor
recommend what to take that morning because if they take their diabetes
medication, then food is an issue—that is the only one I would be a little
bit more careful about,” Dr. McTiernan said. She also suggested screening
for cancer treatment toxicity that might make exercise dangerous for some
participants. Some chemotherapies, for example, can damage the heart in
ways that might make exercise interventions more dangerous.

POTENTIAL TREATMENTS TO COUNTER
EFFECTS OF OBESITY

Many workshop participants suggested potential interventions to
counter the effects of obesity on cancer risk and recurrence, and reported
on studies that had tested some of those interventions. These potential
interventions included lifestyle or behavioral changes (Box 4) such as diet
modifications or exercise, bariatric surgery, or drug therapy such as the
diabetes drug metformin and other drugs that target the factors thought to
play a role in the cancer risk—increasing mechanisms of obesity.

Weight Loss/Diet Changes

Clinical studies in cancer patients have not yet firmly established if or
how much weight loss is necessary to reduce cancer risk. However, studies
in other patient populations suggest just a 10 percent weight loss, regardless
of starting weight, is enough to generate health benefits, including lower
insulin levels and fewer diabetes complications, Dr. Wadden reported.
Larger weight losses generate greater benefit, he added. “If you can get
a larger weight loss of 15 percent or greater, you will have even greater
improvements in your comorbid conditions,” he said. However, these larger
weight losses are more difficult to achieve with lifestyle modification and
drug therapy, and they are also more difficult to sustain over time, according
to Dr. Wadden. “That’s how 10 percent has gotten to be the golden rule,”
he said. He added that one large study found it is better to lose weight and
regain it than to never lose weight, at least with regard to lowering the risk
of developing type 2 diabetes (Knowler et al., 2002).
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BOX 4
Lifestyle Modifications to Reduce Weight

As reported by Dr. Thomas Wadden, the most basic compo-
nents of lifestyle measures to foster weight loss are to:

e Set realistic goals for weight loss and behavior change;

e Reduce energy intake by 500-1,000 kcal/day (by reducing
portion size, fat, and sugar) while increasing intake of fruits
and vegetables to induce a weight loss of 1 or 2 pounds per
week;

o Exercise—brisk walking or various types of aerobic exercise
and resistance training—for more than 150 min/week; and

e Record food intake, physical activity, and weight, and
receive feedback on weight loss progress.

A diet plan in which meals and snacks are consumed at regu-
lar, established intervals is generally recommended. “So many of
our patients come in as grazers. We just want to get them on a
structured meal plan of having a breakfast, lunch, and dinner with
a couple of planned snacks,” Dr. Wadden said. He added that the
calorie limit for women should be between 1,200-1,500 kcal/day
and for men 1,500-1,800 kcal/day. Ideally, the diet should consist of
12-15 percent protein and should have a fat content equal to or less
than 30 percent, including saturated fat that comprises less than 10
percent of calories. But as long as caloric restriction is maintained
at a constant level, the amount of fat versus carbohydrate versus
protein does not affect weight loss, studies show (Foster et al.,
2010; Sacks et al., 2009).

Dr. Cheryl Rock agreed that it is the total amount of calories
consumed that is critical, but added that emerging evidence shows
that people who are more insulin resistant have better metabolic
responses to eating less carbohydrates—on the lower end of the
45 to 60 percent of calories from carbohydrates that the Institute of
Medicine recommends in its dietary guidelines (IOM, 2005).

Dr. Wadden pointed out that the U.S. Preventive Services Task
Force recommends that clinicians screen all patients for obesity,
and then offer obese patients intensive lifestyle counseling (at
least one visit or session per month) and behavioral interventions
to promote sustained weight loss (USPSTF, 2003). “There’s a fair
likelihood that you will have a beneficial outcome if you implement
this,” he said.
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NIH guidelines recommend lifestyle measures, such as dieting, physical
exercise, or behavior modification therapy, for all overweight individuals
who wish to lose weight. Those who cannot lose 10 percent of their weight
with these efforts are eligible for pharmacotherapy if they have a BMI of
30 or higher or a BMI of 27 or higher with comorbidities (NIH, 2000).
Those who cannot lose weight with a combination of lifestyle measures
and pharmacotherapy are eligible for bariatric surgery with a BMI of 40 or
higher, or a BMI of 35 or higher with comorbidities. The Food and Drug
Administration (FDA) recently approved the lap band for individuals with
a BMI of 30 and the presence of type 2 diabetes so “surgery is going down
to lower BMI levels,” Dr. Wadden noted.

No highly effective drugs are currently approved for weight loss, Dr.
Wadden pointed out. The weight loss drug sibutramine was taken off the
market in 2010 because it was shown to increase cardiovascular events in
patients with a pre-existing history of cardiovascular disease. The only other
drug approved for long-term use by the FDA is Orlistat, a lipase inhibitor
that blocks the absorption of about one-third of the calories consumed from
fat. This drug produces a minor weight loss (3 to 4 kg above placebo) and
has unpleasant side effects, including oily stools and diarrhea, Dr. Wadden
reported.

Dr. McTiernan noted that in non-cancer populations, weight loss is
minimal with exercise alone and no caloric restriction. Studies indicate
that one can attain only about a 2- to 3-kg weight loss over a year with
just exercise, and similar findings have been seen in cancer patients and
survivors, she said.

The large, randomized Women’s Intervention Nutrition Study found
that postmenopausal women with early-stage breast cancer who were assigned
to a low-fat diet had a significantly reduced risk of relapse compared to con-
trol women who did not change their diets. The greatest increase in relapse-
free survival occurred in women with ER-negative breast tumors, especially
in those women with the highest BMI, Dr. Goodwin reported.

However, a similarly large and randomized study of both pre- and
postmenopausal women diagnosed with breast cancer, the WHEL study,
found that when women both reduced the amount of fat in their diets as
well as increased their fruit, vegetable, and fiber intakes, their disease-free
survival or overall survival was no different than controls. Dr. Goodwin said
the different findings in the WHEL study and WINS may be because the
women in the WHEL study did not lose weight, unlike the women on the
diet intervention in the WINS, who lost an average of 2.5 kg compared to
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control women. Dr. Ligibel added that the dietary fat was not lowered as
much in the WHEL study as in the WINS, which required that patients
have a certain amount of fat in their diet to be eligible, unlike WHEL.

“It could be there is a threshold effect with diet and in WHEL the
patients were too healthy to see this improvement,” Dr. Ligibel said. She
added, “What is really important about WINS is that it suggests that a
weight loss or dietary change affer diagnosis could influence the risk of
recurrence.” Most other studies assessed how weight at diagnosis affected
outcomes. “It’s important to know that it’s not too late to intervene, and we
can approach people after diagnosis, change these behaviors, and potentially
improve their cancer outcomes,” Dr. Ligibel said.

Data from intentional weight loss studies, mostly due to bariatric
surgery, showed decreases in some of the markers thought to mediate the
link between obesity and breast cancer outcomes. These markers included
insulin, IL-6, estradiol, and IGF-1 levels. “There is some biologic basis for
a beneficial effect of weight loss in breast cancer,” Dr. Goodwin stressed.
She also pointed out that bariatric surgery can cause weight loss that is three
times what can be typically achieved due to lifestyle changes. “We need to
have an open mind when it comes to bariatric surgery,” she said. “Many of
our markedly obese women may require a much more aggressive approach
to weight loss than lifestyle interventions. We have to carefully consider the
pros and cons of bariatric surgery in cancer survivors.”

Diet also appears to affect colon cancer outcomes. Colon cancer
patients who tended to eat more meats, processed meats and grains, and
sugary foods had significantly worse disease-free survival compared to those
who ate less of these foods, a study by Dr. Meyerhardt showed (Meyerhardt
et al., 2007).

Exercise

As detailed by Dr. Courneya, exercise interventions used in clinical
trials may be supervised or unsupervised. Most exercise research typically
involves three supervised exercise sessions per week. Unsupervised inter-
ventions use printed materials and/or telephone counseling to encourage
people to exercise more. Although supervised interventions tend to be more
effective, they are expensive to conduct and have limited reach into the
population of interest, Dr. Courneya said.

However, Dr. Courneya said it is more feasible to conduct a large study
using a hybrid approach than to conduct traditional supervised trials, not-
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ing that the Diabetes Prevention Program (DPP) and the Look AHEAD
(Action for HEAlth in Diabetes) trials employed effective hybrids that
involved both supervised and unsupervised sessions. The key components
of the DPP model trial included face-to-face sessions with qualified staff
that incorporated some supervised physical activity. Participants were given
clear and challenging physical activity goals that were tailored to their
needs with a “toolbox” approach. Researchers gave participants some writ-
ten materials to support the advice given to them in person. In addition,
researchers applied behavioral modification techniques based on a theoreti-
cal behavioral model. There was intensive, ongoing contact that could be
tapered over time, but as Dr. Courneya noted, “Eliminating contact alto-
gether tends to cause the behavior to revert back to baseline.”

Similar components comprise the innovative Colon Health and Life-
Long Exercise Change (CHALLENGE) trial, which will be the first ran-
domized control trial that will have cancer disease outcomes—improved
survival and reduced risk of recurrence—as primary endpoints (Courneya
et al., 2008). This trial, which is currently accruing patients, is a 3-year
multinational exercise intervention study. It would not be feasible to have
a supervised intervention for the entire duration of such a long trial, Dr.
Courneya noted, so instead it provides a combination of supervised exercise
sessions, face-to-face behavioral support sessions, and telephone counsel-
ing sessions, which are intensively applied during the first 6 months of the
trial and then tapered off to a limited degree for the rest of the trial. By the
second year, monthly behavioral support sessions are mandatory, although
they can be by telephone or face-to-face, and monthly supervised physical
activity sessions are recommended. So far, most participants prefer to have
monthly supervised exercise sessions, and monthly face-to-face behavioral
support sessions, according to Dr. Courneya (Box 5).

Participants are given toolbox money ($400) to buy running shoes
or pedometers, memberships at fitness centers, or anything else that will
facilitate their adherence to the exercise intervention. All the centers par-
ticipating in the trial were also asked to provide free or low-cost access to a
fitness facility for the volunteers. “This is especially important during the
winter months. Most people are willing and able to exercise outside during
the summer, but once the winter comes, if they don’t have access to a fit-
ness facility, you are going to struggle in delivering the intervention,” Dr.
Courneya said. Researchers also give participants a guidebook that covers
topics such as goal setting and planning, pedometers, barriers to physical
activity, assessing exercise opportunities in the neighborhood, social sup-
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BOX 5
Colon Health and Life-Long Exercise Change
(CHALLENGE) Trial

e Randomized controlled trial comparing 3-year physical
activity intervention to general health education on disease-
free survival in colon cancer survivors, enrolled 2-6 months
after treatment.

e First exercise trial with disease outcome as the primary
endpoint.

e Multinational trial with 962 planned participants.

e Trial opened to accrual in May 2009.

SOURCE: Courneya presentation (November 1, 2011).

port, having fun with physical activity, stimulus control, self-monitoring,
and time management. Behavioral sessions are based on this guidebook,
and supportive spouses or other support people are asked to come in for a
session with the trial participant. Dr. Courneya stressed that making sure
participants are enjoying their physical activity is particularly important.
“We know from the data looking at the determinants of exercise that the
perceived enjoyment of the activity is the strongest correlate of whether
or not they are going to continue,” he said, adding that he has done some
preliminary research about what makes exercise fun for patients and has
applied his findings in the CHALLENGE guidebook and behavioral ses-
sion designs.

Several observational studies have shown the benefits of exercise in
reducing colorectal cancer risk, consistent with experimental results in
an animal model of colon cancer in which exercise, especially voluntary
exercise, reduced polyps by 25 percent, Dr. Hursting reported (Colbert et
al., 2003, 2006; Mai et al., 2003). These clinical studies showed that those
individuals who exercised the most at or before diagnosis had the best
disease-free and overall survival rates, Drs. Meyerhardt and Ligibel reported
(Haydon et al., 2006; Meyerhardt et al., 2006, 2010; Saltz et al., 2007).
However, these studies were not designed to assess the effects of exercise as
an intervention.

No randomized studies have explored the effects of physical exercise on
outcomes for patients with breast cancer, but several observational studies

Copyright © National Academy of Sciences. All rights reserved.



The Role of Obesity in Cancer Survival and Recurrence: Workshop Summary

WORKSHOP SUMMARY 45

have found that women who are the most physically active pre- or post-
diagnosis have the best breast cancer outcomes (Chen et al., 2011; Holick
et al., 2008; Holmes et al., 2005; Irwin et al., 2008). But one study found
that this effect is present only in individuals with a BMI above 25 at the
time of diagnosis (Abrahamson et al., 2006). Dr. Ligibel noted that most
studies find only moderate exercise (at least 3 hours a week) is needed to
substantially reduce risk of breast cancer recurrence or breast cancer—related
death by as much as 50 percent (Table 1).

Dr. Courneya said that systematic reviews and meta analyses indicate
that exercise in cancer survivors is effective for improving health-related
fitness, cardiorespiratory fitness, muscular strength and body composi-
tion and for some patient-reported measures, such as quality of life and
fatigue (Brown et al., 2011; Craft et al., 2012; Ferrer et al., 2011; Speck
et al., 2010). Most exercise effects are small to moderate, he added, with

TABLE 1 Observational Evidence Suggests a Link Between Physical
Activity and Breast Cancer Prognosis

Timing of
Study N Patient Population Exercise Results
NHS 2,987 Pre- and 2+ years Breast cancer death
postdiagnosis postdiagnosis ~ RR=0.50 (95% CI,
0.31-0.32)
CWLS 4,482 Pre- and 5+ years Breast cancer death:
postdiagnosis postdiagnosis ~ RR=0.61 (95% ClI,
0.36-1.05)
Death from any cause:
RR=0.53 (95% CI,
0.40-0.71)
HEAL 933  Pre-and Pre- and Death from any cause:
postdiagnosis postdiagnosis ~ RR=0.33 (95% CI,
0.15-0.73)
Shanghai 4,826 Pre- and Postdiagnosis ~ Breast cancer recurrence
postdiagnosis and/or death
RR=0.59 (95% CI,
0.45-0.76)

Death from any cause:
RR=0.65 (95% CI,
0.51-0.84)

NOTE: CWLS = Collaborative Women’s Longevity Study; HEAL = Health, Eating,
Activity, and Lifestyle; NHS = Nurses’ Health Study.

SOURCES: Adapted from Ligibel presentation (October, 31, 2011) (Chen etal., 2011;
Holick et al., 2008; Holmes et al., 2005; Irwin et al., 2008; Ligibel, 2011).
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effects tending to be larger and more consistent posttreatment than dur-
ing treatment. Dr. Courneya added that the effects seem to be largest for
supervised, facility-based exercise lasting at least 30 minutes per session,
and for moderate- versus light-intensity exercise. Resistance exercise appears
particularly helpful, especially for older prostate cancer survivors. Many of
these patients are on androgen-deprivation therapy so exercise provides “a
very good fit for that intervention and the issues and challenges it creates,”
Dr. Courneya said. He concluded that “Exercise is safe and feasible in cancer
patients, even during treatment, and does not seem to interfere with treat-
ment completion or treatment response outcomes, or cause adverse events.”

Dr. Ligibel reported on other studies that found exercise was linked to
more favorable measures of the molecular factors thought to play a role in
increasing cancer risk in overweight or obese individuals. She and another
research group found that when overweight women with a history of breast
cancer increased their physical activity, they had significantly reduced insu-
lin levels as well as favorable changes in IGF-1 (Irwin et al., 2009, 2011;
Ligibel et al., 2008). Larger studies in women have also found that the more
physically active they are, the lower their insulin and leptin levels, and the
higher their IGF-1 levels, she added (Chlebowski et al., 2004; Irwin et al.,
2005). But Dr. Goodwin noted some conflicting evidence as to whether
exercise modifies insulin levels in women who have been diagnosed with
breast cancer.

Dr. Demark-Wahnefried noted that there are different types of exercise,
including aerobic and strength training exercise, as well as different intensi-
ties of exercise. She pointed out that the literature shows that different types
of exercise affect hormonal factors differently. For example, men who run
marathons have lower testosterone levels than men who weight-train. “Can
we infer that all exercise is the same if we are looking at prostate cancer, for
example?” Dr. Demark-Wahnefried asked.

Exercise Versus or in Combination with Diet and/or Weight Loss

Some debate took place at the workshop on which lifestyle interven-
tions or combinations of lifestyle measures, such as diet, exercise, and
weight loss, were most important in lowering cancer risk. Dr. Hursting
pointed out that in animal studies, calorie restriction appears to have more
powerful effects on hindering cancer risk than exercise. He noted that the
two interventions seem to operate via different mechanisms, with calorie
restriction having more effects on IGF-Akt/mTOR signaling than exercise.
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Buct those findings may not translate to humans, Dr. Hursting cautioned,
because animals forced to exercise are also subjected to greater psychological
stress that might be influencing study results. A subanalysis of the WHEL
data found that those women who had at least three 30-minute bouts of
aerobic exercise per week, in addition to eating at least five or more servings
of vegetables and fruits a day, had a lower risk of breast cancer recurrence,
unlike those who just adhered to the diet alone without exercising aerobi-
cally (Pierce et al., 2007b).

There seemed to be general agreement that what energy balance factor
works best at decreasing cancer risk depends on which mechanistic fac-
tors one is trying to counter with the intervention. Studies suggest that if
the goal is to reduce inflammation, as indicated by levels of CRP, cancer
patients need to reduce weight or change their diet, but exercise will have
a minimal effect, according to Dr. McTiernan. As much as a 45 percent
reduction in CRP levels can be attained by losing weight and exercising,
one study found.

Other studies have strived to reduce insulin levels or IGF levels and
have had mixed results. One study in postmenopausal women found that a
diet resulting in about a 10 percent weight loss was more effective at reduc-
ing insulin levels than exercise (Mason et al., 2011). But this study found
that changes in diet without any change in weight did not affect fasting
insulin levels. However, Dr. Ligibel noted a study she conducted found that
a combination of aerobic and strength-training exercise in sedentary, over-
weight breast cancer survivors decreased insulin levels by 30 percent with
no change in weight (Ligibel et al., 2008). Similar findings were reported in
another study, which also found that exercise significantly decreased levels
of IGF-1 (Irwin et al., 2009, 2011).

If the goal is to reduce levels of serum estradiol or free estradiol, that
can be done effectively with a 5 to 10 percent or greater weight loss. The
weight loss can be due to diet alone, or due to diet and exercise, according
to Dr. McTiernan.

Dr. Ligibel summed up the evidence on diet, exercise, weight changes,
and cancer risk by concluding, “There is evidence, at least in some malig-
nancies, that diet, exercise, and weight are related to the risk of cancer
recurrence. We really don’t have the randomized data to determine which
of these factors are more important. The closest we have to that randomized
data are WINS and WHEL, which suggest that weight loss or a low-fat diet

may be important in breast cancer survivors.”
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Surgery for Weight Loss

Surgery for weight loss involves gastric banding and gastric bypass.
Dr. Bruce M. Wolfe, professor of surgery at the Oregon Health & Science
University, reported that a long-term Swedish study found thata 15 to 30
percent weight loss due to bariatric surgery can be maintained over a period
of many years (Sjostrom et al., 2007). In contras, lifestyle measures tend to
foster only about a 5 percent weight loss at 4 years, the Look AHEAD trial
found (Pi-Sunyer et al., 2007). Three studies have found that the weight
loss induced by bariatric surgery was linked to a substantial reduction in
cancer incidence and mortality, Dr. Wolfe noted (Adams et al., 2007;
Christou et al., 2008; Sjostrom et al., 2007). One study found the reduc-
tion in cancer mortality was as high as 60 percent over a period of 10 years
or more (Adams et al., 2007). The Swedish study found that the effect on
reducing the incidence of cancer was almost entirely limited to females, Dr.
Wolfe noted. The Utah study found a dramatic difference (0.62 relative risk
of distant disease) in the staging of cancer at time of diagnosis in those who
had bariatric surgery versus controls. “Weight loss following surgery reduces
cancer incidence and mortality,” Dr. Wolfe concluded. “It’s reasonable to
hypothesize that the molecular phenomena responsible for these changes
also contribute to survival among cancer patients,” he added. Dr. Wadden
concurred that bariatric surgery for patients who are extremely obese is the
most effective intervention for weight loss and for improving comorbid
conditions, including cardiovascular and cancer conditions.

But Dr. Wolfe pointed out that only 1 percent or less of the obese peo-
ple who are eligible for bariatric surgery undergo the procedure each year.
One reason more patients do not undergo this type of surgery may be due
to concerns about its risks. Dr. Wolfe said that “the risks of bariatric surgery
have been dramatically reduced in the last 5 to 10 years, despite it being
conducted in a high-risk population.” An NIH consortium that Dr. Wolfe
chaired reported a 0.2 percent mortality for laparoscopic gastric bypass, and
a4 percent complication rate (Flum et al., 2009), which compares favorably
to what is seen in other types of surgery, he added, noting that the mortality
rate for open-heart surgery is 10 times higher (Ranucci et al., 2011).

Drugs Targeting Cancer-Causing or
Cancer-Promoting Obesity Mechanisms

Several participants suggested potential drugs for targeting cancer-
causing or cancer-promoting obesity mechanisms and reported on studies
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done to date on these drugs, most of which were conducted in animals.
These potential drugs that might mitigate cancer risk include the diabetes
drug metformin, mTOR inhibitors, anti-inflammatory drugs, compounds
that block pathways used by stem cells to regulate proliferation, Akt inhibi-
tors, and endocrine therapies such as aromatase inhibitors and tamoxifen
that reduce estrogen or block its effects.

Metformin

Metformin attracted cancer researchers’ attention when it was found to
be associated with a lower risk of breast cancer risk in observational studies
of diabetic patients, Dr. Goodwin reported (Bodmer et al., 2010; Bosco
et al., 2011; Currie et al., 2009; Decensi et al., 2010; Libby et al., 2009).
Studies suggest that in addition to lowering blood sugar and insulin levels,
this widely used type II diabetes drug lowers CRD, reduces systemic inflam-
mation, and alters the leptin-adiponectin ratio favorably. Dr. Goodwin said
metformin might act systemically by reducing gluconeogenesis in the liver
and enhancing skeletal muscle insulin sensitivity, thereby reducing insulin
levels and signaling through the PI3K pathway. Metformin may also act
through an insulin-independent mechanism directly on the tumor cell
(Figure 6).

Dr. Kakarala also cited evidence that metformin inhibits the epithe-
lial to mesenchymal transition required for metastasis (Cufi et al., 2010;
Menendez et al., 2011).

A few studies have found that neoadjuvant metformin (given before
surgery to remove a breast cancer tumor) is linked to higher pathological
complete response rates or lower levels of a marker of cell proliferation
(Ki-67) (Decensi et al., 20105 Jiralerspong et al., 2009). Dr. Goodwin is
currently testing metformin in an adjuvanct setting for breast cancer patients.

Dr. DiGiovanni found metformin effective at reducing tumor develop-
ment in response to a carcinogen in a skin cancer animal model (Checkley
et al., 2011). The reduced tumor promotion was linked to an increase in
phosphorylation of AMP kinase and inhibition of the mTORCI signaling
pathway.

Rapamycin and Other mTOR Inbibitors

Rapamycin is a drug known to block mTOR, which is thought to be
overactive in obese animals, and Drs. DiGiovanni and Hursting reported on
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FIGURE 6 Mechanism of metformin action in the clinical setting.

NOTE: AMPK = 5" adenosine monophosphate-activated protein kinase; BC = breast
cancer cell; ERK = extracellular-signal-regulated kinase; IR = insulin receptor; mTOR =
mammalian target of rapamycin; PI3K = phosphoinositide 3-kinase; PTEN = phospha-
tase and tensin homolog, RAF = Rapidly Accelerated Fibrosarcoma oncogene; RAS =
Rat Sarcoma oncogene; TSC = tuberous sclerosis protein.

SOURCE: Goodwin et al., 2009. Reprinted with permission from Journal of Clinical
Oncology.

the findings from their labs and others that suggest low doses of rapamycin
are as effective as calorie restriction for lifespan extension in several differ-
ent strains of mice, and can mitigate the effects of obesity on cancer risk
(Checkley et al., 2011; Harrison et al., 2009). Rapamycin combined with
calorie restriction provided the most benefits, in terms of preventing cancer
development in obese mice, than either intervention alone. “We're pretty
excited about those data showing that we may be able to block the effects of
obesity, at least in animal models, using rapamycin,” Dr. DiGiovanni said.
His lab is currently studying plant compounds that have mTOR-inhibiting
activity, including some that cause dramatic upregulation of AMP kinase.
“Because mTOR signaling is downstream from both the IGF-1 and the
EGF receptor, I think it is a potential target for offsetting the effects of
obesity-related cancer promotion,” Dr. DiGiovanni said. Dr. Hursting
added, “The animals are still obese and metabolically still a mess, but [using
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rapamycin] we were able to uncouple that obesity from the tumor growth.
I find that exciting.”

Stem Cell Pathway Inhibitors

As Dr. Kakarala elucidated previously, stem cell growth is regulated
via key molecular pathways (Figure 7). Research has uncovered several
compounds that appear to block NF-kB (nuclear factor kappa-light-chain-
enhancer of activated B cells), which plays a key role in these pathways.
These compounds include curcumin, which is derived from the spice tur-
meric, Akt inhibitors, and certain anti-inflammatory drugs. Dr. Kakarala is
especially interested in pursuing curcumin because in transformed cell line
models, it also inhibits other key breast stem cell signaling molecules called
Wnt/beta-catenin, notch, tumor necrosis factor alpha, and hedgehog in
addition to blocking NF-kB activity (Aggarwal et al., 2003).

But cancer stem cells are able to pump out chemotherapy compounds

Hedgehog
TGFB
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EGF
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. m Estrogen and
_— >
Progesterone

FIGURE 7 Regulation of stem cell self-renewal and clonal expansion.

NOTE: EGF = epidermal growth factor; LIF = leukemia inhibitory factor; TGFp =
transforming growth factor B; Wnt = wingless integration oncogene.

SOURCE: Kakarala presentation (October 31, 2011). Reprinted with permission from
Madhuri Kakarala.
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and other substrates, including curcumin. To enhance sensitivity to cur-
cumin, Dr. Kakarala combined it with piperine, a derivative from black pep-
pers and hot peppers that blocks the molecular cell pump (p-glycoprotein)
cancer stem cells use to pump out curcumin. Piperine also inhibits NF-kB,
Dr. Kakarala reported, so it also is likely to decrease cancer risk indepen-
dent of its p-glycoprotein-blocking abilities (Shoba et al., 1998). Her in
vitro study found that the combination of curcumin and piperine caused a
decrease in the percentage of ALDH-positive cells (ALDH is a marker for
stem cells and early progenitor cells) (Kakarala et al., 2010a).

Piperine and curcumin are relatively nontoxic compounds, Dr.
Kakarala noted, and might be acquired from one’s diet. Her studies found
that piperine has good bioavailability from the diet, and she continues to
explore it and curcumin as anticancer compounds (Kakarala et al., 2010b).

Drugs Thar Target Estrogen or Its Recepror

Several speakers noted the benefits of tamoxifen and aromatase inhibi-
tors that block the growth-promoting effects of estrogen on breast cancer
cells. These drugs have already been shown in randomized clinical trials to
extend breast cancer survival and help prevent breast cancer recurrence.

CHALLENGES IN STUDYING OR INDUCING
LIFESTYLE CHANGES IN PATIENTS

Many speakers and workshop participants noted obstacles to inducing
potential cancer risk-reducing lifestyle changes in patients, as well as ways
to overcome those obstacles. The challenges described included the physical
limitations or time constraints of cancer survivors, difficulties in adhering
to a diet or exercise plan for the long length of the trials, and the costs of
frequent sessions with participants.

Physical Limitations or Time Constraints of Cancer Survivors

Dr. McTiernan noted that some cancer patients have physical effects
from surgery, such as lymphedema, loss of a limb, or bowel removal, that
may make physical activity difficult, and chemotherapy may damage the
heart or nerves. In addition, chemotherapy and radiation therapy can cause
appetite and taste changes that can make diet changes difficult. The sched-
uling demands of chemotherapy, radiation, and other cancer therapies can
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hamper patients’ enthusiasm about adding an exercise routine or taking the
time to make healthful meals. “They spend a tremendous amount of time
going to medical appointments and many of them are continuing to work
or raise families or have caretaking responsibilities,” Dr. McTiernan said.

Dr. Rock added that many cancer patients have fatigue after treatment,
as well as lingering psychosocial and body image issues that can make it hard
for them to adopt lifestyle measures aimed at stemming their risk of recur-
rence or the development of a new cancer. In addition, because many cancer
patients are older, they tend to be heavier. “Many of the people coming to
a cancer diagnosis are already obese or overweight and if they weren’t sed-
entary before they got their diagnosis, they are certainly going to be when
going through their treatment,” Dr. McTiernan said.

Despite the physical and time challenges that breast cancer survivors
face, they can be recruited to exercise and diet intervention trials, and their
adherence to the interventions and retention in the trials are adequate, Dr.
McTiernan said, although it appears that breast cancer patients are easier
to recruit than other cancer patients. She added that postprimary treatment
recruitment seems to be easier than recruitment during primary treatment.

Long-Term Adherence to Diet or Exercise Plans

A major challenge is having patients maintain a diet or exercise pro-
gram for a long period of time, Dr. Demark-Wahnefried noted. Partici-
pation generally lasts for 12 to 24 months, and it can be challenging for
volunteers to adhere to a diet or exercise plan for that long. But it is feasible,
studies show, with the right degree of follow-up, Dr. Demark-Wahnefried
stressed. “You need to keep up with the participants and follow them
through the phone, the computer, etc.”

Dr. Wadden suggested several measures to improve adherence to weight
loss interventions, including portion control, group treatment, and ongo-
ing contact with health care providers or other professionals. He said diets
that provide a fixed amount of food with known calorie content are critical
because, for example, “If you consume a Slim Fast or Boost shake, you know
you are getting 200 to 220 calories and when the can is empty, your lunch is
over and it is time to stop eating.” Similar results can be achieved by using
frozen food entrees, such as Lean Cuisine, he added. “You also can avoid
problem foods in the short term by knowing precisely what you are going
to eat, and by having convenient foods to eat. Many dietitians are upset by
things like Slim Fast. But I always say, “What would you prefer—a breakfast
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of Slim Fast or a ham and egg and cheese sandwich and hot chocolate?”” Dr.
Wadden cited a study that compared conventional reducing diets of 1,200
to 1,500 calories to those that were portion-controlled meal replacements
and found that those on the meal replacements lost significantly more
weight in the short and long terms (Heymsfield et al., 2003).

He also stressed the importance of people having ongoing contact with
their health care provider once they have lost weight, so they do not gain
it back. One study found that a group that had no provider contact after
a 5-month period of weekly sessions regained about 40 percent of their
weight 1 year later. Another group that continued to meet with their health
care provider every other week for a year after the first 5-month period
fared better in maintaining weight loss (Perri et al., 1988). He suggested
teaching patients to maintain their weight loss by weighing themselves
regularly, engaging in high levels of physical activity, and continuing to eat
a low-calorie diet. “Physical activity is crucial,” he stressed. “The greater
the physical activity the better, and strength training is a very beneficial
part of this physical activity.” Dr. Wadden noted studies that found those
individuals who exercised 200 or more minutes per week were more likely to
maintain their weight loss than those who exercised less than 150 minutes
per week (Jakicic et al., 1999). “The recommendation now is to engage in
about 200 minutes of exercise per week and 275 minutes or more per week
to maintain weight loss,” Dr. Wadden said.

High-intensity interventions, in which patients meet regularly with
providers, generate better results (Wadden et al., 2011), he noted, and men-
tioned that a systematic review by the U.S. Preventive Services Task Force
showed that if the intensity of treatment is decreased by dropping down
to fewer than 12 sessions over a year, patients only lose 3 percent of their
weight at the end of the year (Leblanc et al., 2011). If patients participate
in a high-intensity treatment that includes between 12 and 26 sessions, by
contrast, they lose twice as much weight during the same 1-year period.

Costs of Frequent Sessions

Dr. Wadden noted that the Centers for Medicare & Medicaid Services
(CMS) had proposed paying for high-intensity lifestyle counseling for
seniors. CMS defines high intensity as weekly sessions the first month,
and twice-monthly or every-other-week sessions for the next 4 months. If
participants lose 3 kg during that first 6-month period, then they would
be allowed to have six monthly sessions after that. “What is striking is that
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the interventions that CMS is going to reimburse are done by physicians,
nurse practitioners, and physician assistants and not dietitians and related
professionals. That means you are going to end up with extremely expensive
weight control interventions provided by primary care practitioners who
don’t specialize in this area,” Dr. Wadden said.

He suggested that a more efficacious and cost-effective approach to
providing high-intensity weight loss treatment for people who are obese
would be to refer patients to community programs, such as those offered by
the YMCA or by commercial providers, such as Weight Watchers or Jenny
Craig. One study found that wellness instructors at the YMCA induced a
6 percent weight loss in participants at 1 year, which is near what the DPP
trial was able to achieve. But the YMCA treatment cost $300 per patient,
compared to $1,400 per patient treated similarly at academic medical cen-
ters (Ackermann et al., 2008).

Research reveals that commercial weight loss programs are also effec-
tive. One study found participants in a Weight Watchers program lost more
than twice as much weight as those treated in their primary care practice
(Jebb etal., 2011). Another study found that participants on a Jenny Craig
program that were provided portion-controlled meals and center-based
therapy lost more than 7 kg at 2 years, compared to the 2 kg lost by those
who received standard dietary advice (Rock et al., 2010). Participants who
received their behavioral modification therapy over the phone while receiv-
ing the portion-controlled meals lost about 6 kg. “There is loss of very
lictle efficacy by doing telephone-based therapy,” Dr. Wadden stressed.
“This has been shown in two or three obesity trials. That is very exciting
in terms of extending the reach of treatment.” He added, “Clearly we need
an economic analysis of these studies. It is very possible that patients, by
cating less food and making healthier food choices, can pay for the cost of
these commercial programs just by changing their diet and the cost of the
diet they are consuming. So many of my patients when they come in are
spending $100 to $200 a week eating at restaurants and eating lots of things
they shouldn’t be eating.”

Dr. Wadden also suggested researchers employ more electronically
based interventions. “You can deliver Internet-based programs on com-
puter, smartphone, iPad, and you can develop cell phones to provide texting
programs. We are seeing a lot of research going into that right now, and
clearly the greatest benefit is that people always have a phone in their hand
and can use it to check and see how many calories they can eat for dinner.
If you don’t know how many calories are in the food, you can take a picture
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of the food, transmit the image, and get a read back on it. It is remarkable
what these mobile phones will be able to do for us,” he said.

He noted one study that compared a 24-week behavioral program
in which everyone got identical behavioral weight loss coaching, but one
group of participants received that counseling in person, another group
received it via the Internet, and a third hybrid group received a combina-
tion of Internet-based and onsite counseling (Harvey-Berino et al., 2010).
This study found that onsite treatment led to a greater weight loss than the
other two programs, but that the Internet and hybrid programs led to about
a 6-kg weight loss within 6 months. All three groups slowly regained some
of the lost weight over the following year. “Increasingly we are going to see
Internet-based, mobile phone delivery of weight loss, which is going to open
up all sorts of parameters for us,” Dr. Wadden said.

Dr. McTiernan noted several studies that found that group plus indi-
vidual diet and/or exercise interventions had greater effectiveness, in terms
of weight loss, in breast cancer survivors than individual interventions
alone, and the least effective were home-based interventions (Table 2).

‘WHAT TO ADVISE CANCER PATIENTS

Several participants pointed out that once people are diagnosed with
cancer, especially after they have completed their cancer therapy, they are
especially open to practicing interventions that can promote good health
and emotional well-being, and possibly prevent a recurrence. “Cancer
survivors want to do anything they can to prevent a recurrence or progres-
sion of the disease,” stressed Dr. Ganz. This point was brought home by
cancer survivor Kate Murphy, who said, “When you reach the end of your
treatment, you are just sitting there shivering with fear that the next shoe
is going to fall and you are going to be hit with a cancer recurrence.” Dr.
Dean Brenner, professor of internal medicine at the University of Michigan
Cancer Center, added, “The cancer diagnosis is a teachable moment and the
oncologists should and do serve the role of educator in dealing with issues of
cancer prevention.” He also noted that family members of cancer patients
often ask what they can do, with regard to diet or exercise, to help prevent
a recurrence in a loved one.

Dr. Rock noted that studies show breast cancer patients are motivated
to make dietary and other lifestyle changes, and counseling on these topics
prompts them to make behavioral changes that are well maintained, at least
during the first 4 years following their participation in a study. Diana Dyer,
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a cancer survivor, added, “Please think of this as an opportunity to help your
patients help themselves and help patients take control of their lives back.”
Ms. Murphy agreed, noting, “Weight loss or physical activity programs give
you a sense that you have some control, and self-efficacy is tremendously
important to cancer survivors. I like counseling programs that emphasize
what will make you a stronger person, rather than those that emphasize
what you should do, because that can induce a tremendous amount of guilt
that is counterproductive. Think about the emotional balance, and not just
the energy balance, when you see a cancer survivor.”

But as Ms. Dyer noted, her oncologist had no advice on lifestyle inter-
ventions to prevent a cancer recurrence when she asked him. Dr. Brenner
concurred that this frequently happens and suggested the American Society
of Clinical Oncology (ASCO) provide educational materials to oncologists
that will aid them in advising patients on lifestyle changes or other measures
they can take to help lower their cancer risk. “Just about every new patient
we see asks these questions,” he said. Dr. Ganz added, “We tell patients
about their diagnosis and treatment, but we don't do a very good job of
telling them how they can promote health and well-being and prevent
recurrence going forward.”

Dr. Ganz pointed out that most cancer patients are older, overweight,
and with comorbidities that would benefit from weight loss and/or
increased exercise. Consequently, there is a valid need to encourage health
promotion in cancer survivors. Such promotion would involve counseling
on weight loss if they are overweight, and how to be more physically active
if they are too sedentary. “Avoidance of weight gain is very important just
as it is in the general population as people age. If one is overweight in the
general population, physical activity certainly is not controversial,” Dr.
Ganz said, adding, “Shouldn’t we be making the same recommendations to
cancer survivors that we would be doing to an older adult facing many of
the same comorbid conditions? We cannot promise this is going to extend
their survival, but we do know there are general health benefits just from
maintaining or losing weight.” Dr. Meyerhardt made a similar comment
in his presentation, “Those who survive colorectal cancer will be at risk for
other diseases, many of which are associated with some of the factors that
impacted their risk of developing colorectal cancer. So a message of being
physically active and avoiding obesity over time obviously raises other sur-
vivorship issues, in terms of impacting other diseases.”

Drs. Ganz and Rock added another reason to recommend exercise to
cancer survivors; physical activity has been shown to be important for main-
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taining weight. “Even if you don’t want to talk about weight loss, weight
maintenance and not gaining weight is an achievable goal in survivors,” Dr.
Ganz said. She also noted that physical training can prevent lymphedema
in breast cancer survivors, and she and several other speakers stressed the
quality of life benefits of weight loss and/or exercise that several studies on
cancer patients have shown. There is also the potential that weight loss and/
or physical activity might prevent the occurrence of secondary cancers for
which cancer survivors are at increased risk, especially if they have certain
hereditary forms of cancers, Dr. Ganz pointed out.

Ms. Murphy said she thought it was sensible to advise cancer patients
to either maintain or lose weight, and she was encouraged by the find-
ing that moderate weight loss is effective in lowering a number of health
risks, and that exercise can lower fatigue and possibly depression. “That
is good information to offer patients,” she said, and pointed out that one
way to encourage cancer survivors to exercise more is to encourage them
to have a pet that requires daily walks. “My animals encourage me to walk
because they want to walk,” she said. Ms. Dyer added, “I am not a gym
rat and nothing you could tell me as a cancer survivor would probably get
me into a gym. There are other forms of exercise, such as yoga, tai chi,
and gardening that can have a spiritual component, let alone the aerobic,
the strengthening, and the flexibility aspect for exercise. We need to think
outside the box.”

Ms. Dyer also stressed that equally, if not more, important to cancer
survivors than extension of life is improvement of quality of life, which exer-
cise and weight loss can foster. “I can stand here and tell you as a long-term
cancer survivor that if push came to shove and I had to choose length of
life over quality of life, I would choose quality of life, and would appreciate
you offering me suggestions for that.”

Ms. Dyer also stressed the importance of dietary advice, preferably
from a knowledgeable dietitian. “It is simply not enough to tell our cancer
survivors to eat right and exercise, and hand them a pamphlet, and send
them out into the nether land. I hope that dietitians will be valued for what
they bring, the benefit they can provide to the patients, and that all survivors
have access to a survivorship program that looks at their life holistically
and considers the nutritional components to make it as good as it can be,”
she said. Dr. Rock added that more than just giving general health advice,
dietitians are trained in how to use motivational interviewing to foster
behavioral changes.
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Is There Enough Evidence?

Some debate took place over whether there was enough evidence to
recommend that overweight cancer patients reduce their weight, exercise
more, and/or take other measures to stem the effects of obesity on their risk
of cancer progression or recurrence. Although Dr. Meyerhardt noted that
most of the evidence for the impact of obesity on cancer outcomes is obser-
vational and there are insufficient data from randomized, controlled trials,
Drs. Hursting and Goodwin pointed out the consistency in mechanistic
targets indicated by both animal and human studies. “We are beginning to
see some congruence between the human studies and the animal studies,
and we are starting to hone down on specific mechanisms,” Dr. Goodwin
said. Dr. Ligibel added that because of their expense, length, and complex-
ity, randomized trials are unlikely to be completed soon.

Drs. Zujewski and McTiernan stressed the the need for more age-,
high-risk-, comorbidity- or race-specific information on obesity and can-
cer, information on alternative weight loss diets and which diets are most
appropriate for the molecular changes one wishes to induce, the timing
of the weight loss relative to diagnosis and treatment, and the effects of
weight loss medications in cancer populations. Dr. McTiernan also said it
is unknown whether cancer patients will get their needs met in non-cancer
settings, such as Weight Watchers or general exercise programs. In addition,
she noted not enough is known about combination therapy to counter
obesity effects, such as weight loss combined with metformin or hormonal
therapy, nor is enough known about the additive effects of physical activity
in addition to losing weight.

But Dr. Kathryn Schmitz, senior scholar and epidemiologist at the
University of Pennsylvania Perelman School of Medicine, noted that there
have been decades of advice on guidelines for exercise as well as prescriptions
and dietary interventions that could apply to cancer patients and should be
worked into cancer survivorship care plans. Dr. Partridge added, “We have
enough information now [supporting the role of ] obesity, unhealthy eating,
and lack of physical activity [in] cancer and cancer recurrence in survivors—
the epidemiological evidence is there and there are a lot of molecular mecha-
nisms that explain the epidemiology. We need to continue to tease those
out. But it is time now to figure out what we can do to change the tsunami.
We have to stabilize and reverse it.” Tom Kean, CEO of C-Change, agreed,
adding “There is certainly a lot still to be learned. But the time to act is now
because we know enough to say something very definitive about the issue
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that we have in hand.” Dr. Ganz pointed out that many cancer patients are
already primed to receive health and recovery advice that is not certain, but
is supported by a large body of evidence and data in the general population.

Research and Clinical Tools—Needs and Opportunities

Several workshop participants suggested tools for use in research and
clinical care that could enhance our understanding of the connection
between obesity and cancer. Some of the tools are on researchers’ “wish
lists” but do not actually exist or are not readily available at this point.
These tools include obese rodents that are immunosuppressed so they will
not reject transplanted human cancer stem cells. Dr. Kakarala noted that
such animals would be useful to study how cancer stem cells act differently
in obese versus non-obese rodents. Alternatively, researchers could develop
better markers for rodent stem cells so they could be injected into obese
mice, she added. “This would help us elucidate the links between obesity
and stem cell biology,” she said.

Dr. Kakarala also noted that because most women who elect for breast
reduction surgery are overweight or obese, the tissue removed from that sur-
gery would be useful to study whether, for example, it is in a more inflamed
state than normal tissue. She also stressed the need for large quantities of
fresh or frozen tissue to assess dynamic molecular endpoints. Such tissue
might be acquired from mastectomies, although that would not be feasible
for clinical trials. Dr. Kakarala currently is using tissue removed from core
breast biopsies. “This represents a leap forward in our ability to look at the
[molecular biology effects of] clinical trial interventions,” she said. She also
suggested researchers could use fixed tissue to do DNA profiling for stem
cell-specific genes, such as Oct4, Sox, and Nanog, or to explore epigenetics.
In situ imaging is another new research tool that enables multiplex imag-
ing of up to 20 different markers in a single cell, Dr. Kakarala pointed out.

Dr. Ballard-Barbash noted the current availability of innovative accel-
erometers that not only are water resistant, so they can be worn while
swimming, but also can collect acceleration data through three vectors, as
opposed to just one. The NIH is currently working with software develop-
ers to translate that extensive data so researchers can assess what individuals
are doing simply by assessing how they are moving through space. “That’s
sort of a frontier area, where we may not need to rely just on self-report for
some of that information,” she said.

A few participants also noted new health monitoring apps and hand-
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held devices that can monitor and boost adherence to an exercise or diet
program. Dr. Demark-Wahnefried noted that researchers who are pioneer-
ing the study of this technology’s impact on cancer survivors are Deborah
Mayer at the University of North Carolina, David Gustafson at the Univer-
sity of Wisconsin, and Karen Basen-Engquist at the MD Anderson Cancer
Center. Dr. Wadden agreed that electronic weight loss aids and monitors
“are just beginning to take off in the past 5 years.” But Dr. Schmitz noted
that a lack of reliable Internet access can impede the use of these devices,
especially in the typically older population who have cancer, and who tend
not to gravitate toward such new technologies.

To assess dietary habits and behaviors as well as physical activity, Dr.
Ganz recommended the REAP (Rapid Eating and Activity Assessment for
Patients) questionnaire (Gans et al., 2003), which was designed for primary
care physicians and nurses to use in the clinic. Just two pages long, the
REAP questionnaire can be filled out within a single clinical visit.

POLICY SUGGESTIONS

Workshop participants made numerous policy suggestions related to
research, education, and dissemination, and directed at both private and
public sectors (Box 06).

Research Policies

Dr. Linda Nebeling, chief of the Health Promotion Research Branch
at NCI, suggested more policy-specific research that addresses diet, physical
activity, and other energy balance behaviors, and how such behaviors can
be influenced by manipulating the environment to support lifestyles less
likely to lead to obesity. She also suggested supporting more comprehensive
behavioral and health outcomes research that has greater integration of
biomarkers to reveal the effectiveness of certain interventions. She noted
that if research can document the benefits of structural changes to clinical
or prevention modes of practice, that will aid efforts to have congressionally
mandated financial support for those types of changes. She also suggested
strengthening resources and infrastructures that enable researchers from
diverse fields to work together. “We continue to work with the research
community to expand the comprehensiveness of common measures across
datasets that can be used and shared by agencies, researchers,” Dr. Nebeling
said. She also encouraged transdisciplinary experimentation (Box 7).
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BOX 6
Potential Policy Actions Suggested by Individual
Workshop Participants

¢ Consider the influence of the built environment on behavior
and lifestyle.

e Support more comprehensive behavioral and health out-
comes research.

e Enable collaborations by teams of investigators from
diverse fields.

e Enable more partnerships between the National Cancer
Institute and other parts of the National Institutes of Health.

e Collect more measures of energy balance in clinical trials.
Collect, store, and share more blood and tissue samples
from clinical studies.

e Examine the potential role of obesity as a barrier to cancer
screening.
Engage the private sector in measures to counter obesity.
Develop cancer rehabilitation programs to help cancer sur-
vivors stay physically active.

e Encourage health insurers to cover weight loss programs
and cancer rehabilitation.

e Educate clinical oncologists and primary care providers
about lifestyle interventions.

e Develop guidelines for recommending lifestyle interventions
to patients.

e Improve coordination of patient care after cancer treatment.

Dr. Brenner stressed that in the current era of budget cuts, there is
greater need to advocate for NIH/NCI funding so more funds can be
devoted to the long-term, expensive clinical trials of obesity interventions
and their effect on cancer risk. “We need to exercise all the opportunities we
have with regards to policy and the importance of funding for our National
Cancer Institute,” he said.

Many workshop participants called for having researchers routinely
collect more energy balance measures, such as BMI, height, weight, waist
circumference, or physical activity, when studying the link between cancer
and other diseases, such as diabetes. Some participants suggested such data
be collected for all NCI Cooperative Group clinical trials. Dr. Nebeling
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BOX 7
Transdisciplinary Research on Energetics and Cancer
(TREC)

The National Cancer Institute (NCI) established the TREC initiative
in 2005 in response to growing public health concern with overweight
and obesity in the United States and mounting evidence that obesity
plays a role in the development of many types of cancer (TREC, 2012).
The initiative supports interdisciplinary research aimed at discerning
the complex relationships among obesity, energy balance, nutrition,
physical activity, and cancer. The TREC initiative also helps train new
and established scientists to carry out this kind of integrated research.
In 2005, the NCI funded the first four TREC Research Centers and
one Coordination Center. The centers included scientists from multiple
disciplines and encompassed projects spanning the basic biology and
genetics of behavioral, sociocultural, and environmental influences
on nutrition, physical activity, weight, energy balance, energetics, and
cancer risk. The Coordination Center facilitated interactions across and
between the Research Centers and the NCI. In the first 5 years of fund-
ing, 14 research projects and several developmental pilot projects were
supported, and a transdisciplinary infrastructure to promote research
collaborations in the area of energy balance and cancer was established.

In 2011, the NCI announced the four newly awarded TREC
Research Centers and continuation of the Coordination Center. As in
the first 5 years of funding, the reissued TREC initiative continues to
emphasize collaboration across diverse disciplines such as behavior

said attempts have been made to collect more data on cancer survivors in
Cooperative Group studies, stating that “that is a place where there is an
infrastructure that exists that we could potentially do things like waist cir-
cumference or collect accelerometer data from a subgroup. It’s important to
provide the specific evidence so we can make our messages evidence based.”
Dr. Demark-Wahnefried added, “If weight is that important, we should be
collecting it every time and adjust for it within all of our pharmacologic
trials. Height and weight aren't really difficult to collect—how hard can
that be?”

Dr. Brenner pointed out ASCO’s current cancer survivorship initiative
and their efforts to capture data from clinical trials that can be used in survi-
vorship studies. Dr. Ganz added that not collecting data on weight, height,
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science, physiology and metabolism, sociology, communications, geog-
raphy, psychology, kinesiology, nutrition, biostatistics, biochemistry, and
molecular biology.

The reissued TREC initiative also expands into other research
areas, including cancer survivorship, childhood obesity, genomics, and
environmental aspects of obesity that include use of tools such as geo-
spatial analysis. The reissued program also includes additional empha-
sis on testing and integrating behavior change theories, challenges in
survivor populations, systems analysis, using animal and human studies
in diverse research designs, and expansion of the application of bio-
logical markers to inform behavioral-based research. Training new and
established scientists to carry out transdisciplinary research continues
to be a part of the reissued TREC initiative.

Dr. Jennifer Ligibel pointed out at the workshop that current stud-
ies conducted by her and others as part of the TREC initiative should
provide information about the impact of various types of energy balance
factors on biomarkers linked to cancer prognosis. For example, Drs.
Ligibel, Jeffrey Meyerhardt, and others are studying the impact of exer-
cise and/or metformin on insulin levels and other metabolic or inflamma-
tory markers in patients who have been treated for colorectal cancer. Dr.
Ruth Patterson at the University of California, San Diego, is conducting a
similar study on breast cancer survivors, although the interventions she
is studying are weight loss or metformin or the combination of both. In
addition, Dr. Kathryn Schmitz at the University of Pennsylvania is study-
ing the impact of exercise, dietary weight loss, or the combination on
lymphedema and breast cancer biomarkers in breast cancer patients.

smoking, and comorbidities in clinical trials “is a missed opportunity. To
collect that extra bit of data would enlarge our knowledge base about a
whole host of other things that have predictive validity in the general popu-
lation.” Dr. Rock suggested the NCI work in partnership with some of the
existing weight loss clinical trials funded by other branches of the NIH to
determine cancer-relevant outcomes that they should be collecting.
Several participants also stressed the need to collect, store, and share
blood and tumor samples as well as comparable normal tissue with other
researchers. Recognizing the expense of doing so, as well as the reluctance
to share these resources, Dr. Goodwin said, “We need to get past all of the
reasons for people saying no.” She said that for her trial on the effects of
metformin on cancer risk, she turned down the participation of centers
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that would not provide tumor tissue. “We were very insistent that it had
to be done. It meant that some centers that wanted to participate couldn’.
More people have to do that,” Dr. Goodwin said. Dr. Stephen Piantadosi,
of the Samuel Oschin Comprehensive Cancer Institute, noted that in his
experience, he has found that Institutional Review Boards (IRBs) are major
roadblocks to sharing tissue samples, as well as inadequate information
systems. “It’s very easy to put tissue into the freezer [but] much harder to
retrieve it and connect it to the appropriate information,” he said.

Ms. Murphy stressed that overwhelming percentages of cancer patients
are willing to donate tissue, not only to their existing trials, but also for
future research. “We are very disturbed when we find the barriers that exist
in using that tissue,” she said, adding that the ability to build virtual tissue
banks provides researchers with a broader opportunity to find and analyze
donated tissues. Dr. Wolfe said, “The key is to get consent for unrestricted
use of the samples from the subjects at the start. As long as that consent has
been properly done through the IRB and is available, then the specimens
can be used for additional [IRB-approved] research over time.”

Dr. Goodwin pointed out that as more small tumors are diagnosed due
to screening and as the demand for such tumor tissue increases, patholo-
gists see themselves as the guardians of the tissue and worry that they need
to maintain sufficient tissue for some future unforeseen clinical test. “The
patient consents and we can't get the tissue out of the lab. We are going to
have to continue to work with the pathology community to [obtain] the
tissue. Investigators are also going to have to work out ways to make do
with smaller pieces of tissue. This is a hurdle that has to be addressed for
us to move forward.”

Ms. Murphy suggested more research on the role of obesity as a bar-
rier to participation in cancer screening. Dr. Partridge concurred that “the
research around screening behavior has to concentrate on the 40 percent
that are not getting screened to understand what the problem is.” She noted
that about 40 percent of women do not have routine mammograms and
obesity might be playing a role in their reluctance to have such screening.

Public- and Private-Sector Policies

Dr. Dannenberg suggested the possibility of involving the private sec-
tor in efforts to counter obesity and develop policies that counter obesity-
promoting practices, much like the private sector was involved in policies
developed to counter promotion of tobacco products. Dr. Goodwin noted
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that “the private sector is paying a huge price for the obesity problems,
in terms of healthcare, time off work, and lost productivity.” Dr. Ballard-
Barbash pointed out that the National Collaboration on Childhood Obesity
is currently considering policies that might foster obesity prevention, and
the Institute of Medicine has also put forward policy suggestions in this
regard in previous workshops and consensus reports (IOM, 2011a,b,c,
2012a,b,c). Dr. Rock added that many NIH institutes are funding research
related to worksite programs and their influence on obesity and its manage-
ment. “This is an issue that is not unique to, or only can be solved by, a
cancer-focused effort,” she noted, adding that it would be helpful to review
the large body of research, and the lessons learned from organizations, such
as health maintenance organizations and other insurance companies that
have instituted policies aimed at promoting various health behaviors. She
added that there have been large advances in this regard internationally.

Dr. Murphy discussed the obesity policy efforts that the CEO Round-
table on Cancer has recently taken. This organization awards the CEO
Cancer Gold Standard to organizations, companies, and institutions that
promote workplace wellness concepts, of which exercise and nutrition are a
part, and collect outcomes data on their interventions. He suggested a will-
ingness on the part of industry to participate in such efforts and advocated
bringing them to the table, when obesity policies are crafted. Dr. Partridge
agreed, adding, “The private sector has got to be involved. We cannot solve
it with government and public support alone.” He has been involved in
an organization called CEOs Against Cancer, which is trying to imple-
ment worksite interventions related to tobacco control, healthy eating, and
exercise. “They are beginning to see that they can play a major role in their
communities and they are seeing an even bigger picture because these are
global companies now so they are beginning to see that the economic wel-
fare of their company, their community, their nation, and the globe actually
is going to require their involvement,” Dr. Partridge said.

Dr. Kakarala suggested focusing obesity prevention efforts in the school
food environment. “While we have a lot of regulation about what’s offered
in school meal programs, we are reimbursing the schools in terms of high-fat
commodities and dairy products, and making it difficult for them to achieve
those goals. We also have appallingly lictle regulation of what's offered in the
vending machines in schools or in school stores. We need to offer healthier
food options and encourage children to choose them,” she said.

Dr. Ballard-Barbash noted how researchers at Cornell found that
modifying the placement of food in the school cafeteria, such as by putting
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the water in the front and the sugar-sweetened beverages in the back and
the fruit at the check-out counter, made marked, measurable differences
in what the students were buying (Mancino and Guthrie, 2009). “There’s
a lot of very interesting innovative research that is looking at how to do
this beyond just the point of trying to teach people to choose differently.
Instead, they are modifying the environment so that the easier choice is also
the healthier choice,” she said. But Dr. Wolfe noted how such efforts are
impeded by economic realities, such as the rebates schools receive from the
companies that offer sweetened drinks in vending machines, and the sup-
port they provide for their sports and non-educational activities. “It’s easier
said than done to just remove products from vending machines,” he said.

Dr. Wadden suggested that health insurers pay for weight loss pro-
grams. “Ironically, patients can get bariatric surgery paid for, but they can’t
get Weight Watchers paid for,” he noted. Dr. Blackstone of the American
Society for Metabolic and Bariatric Surgery added that treatment of obesity
should be part of the essential health benefits package that the Department
of Health and Human Services is currently specifying. Dr. Brenner added
that insurers should provide for cancer survivorship care.

Education and Dissemination

Drs. Brenner and Schmitz stressed the need to educate clinical oncolo-
gists about lifestyle interventions aimed at lowering cancer risk. “We have to
train the future oncologists and educate our current oncologists to support
the community in this area, and also to make referrals for family members.
Even though perhaps they are not ready for it, oncologists are considered
the community resource for cancer genetics, cancer nutrition, etc.,” Dr.
Brenner said. He noted that oncologists currently receive no formal train-
ing on survivorship care, although they are open to that idea, an ASCO
survey revealed. Dr. Schmitz noted that beginning in 2014, the American
College of Surgeons (ACS) Commission on Cancer will start to require that
hospitals that are certified by the ACS have some kind of survivorship care
plan. Dr. Wadden advocated for training dietitians and other health care
providers in addition to primary care providers so they can offer weight
loss treatment. “I don't think primary care providers are going to be able
to provide obesity treatment because they don't have the training and the
time to do it,” he noted.

Both Drs. Schmitz and Brenner suggested the need for guidelines on
lifestyle interventions to recommend to patients, including guidelines on
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what to recommend until stronger evidence becomes available. “There is
an enormous divide between all these meta-analyses and published stud-
ies, and the availability of good guidelines that are actually implementable
in the clinic,” Dr. Schmitz said. Dr. Lori Minasian, chief of Community
Oncology and Prevention Trials Research Group at the NCI, agreed on the
need for guidelines, adding, “In order for there to be dissemination and
investment in these kinds of programs, there has to be a proof of principal
that the benefit is really worth the investment,” he said.

Dr. Schmitz suggested developing cancer rehabilitation programs
focused on monitoring for and assessing how to ameliorate obstacles that
cancer survivors have to overcome to be physically active. “Dr. Andrea
Cheville at the Mayo Clinic has documented in two separate studies that
even when metastatic breast cancer patients have difficulty with ambulation,
they do not get referred for rehabilitation [Cheville et al., 2011]. We clearly
have a disconnect here—we have the evidence, but we are not getting people
to the services that they need,” she said, adding that rehabilitation programs
should be part of cancer survivorship care plans. Dr. Ganz agreed and noted
the biggest challenge is posttreatment coordination. Another participant
stressed the need for such rehabilitation programs that third party payors
support, saying, “As a medical oncologist who believes in these interventions
deeply, I know I don’t have the ability to cause my patients to increase their
activity or to eat better—I don't see them for long enough periods of time
and have to focus on their therapy.”

Dr. Berger also stressed the need for insurers to reimburse for such
rehabilitation. “If you break a hip or get a hip replacement, you get the
third-party payors to pay for rehabilitation—to get the patients on the
treadmill and doing all the other exercises. If you have an MI (myocardial
infarction), you get cardiac rehab, which is paid for by the insurance com-
panies. But I don’t think we can get any of the third-party payors to pay for
exercise therapy for breast cancer patients undergoing therapy to prevent
weight gain or for survivorship care. Convincing third-party payors that
they need to compensate the patients for this would not only be great for the
patients, but a tremendous asset for those of us doing research and needing
to encourage patients to participate in such research.”

Dr. Brenner noted that ASCO has an increased interest in promoting
cancer prevention among oncologists and other providers. Over the past
year, ASCO developed a new subcommittee in the area of diet, nutrition,
obesity, and energy balance. Dr. Brenner stressed that these recent ASCO
efforts are likely to have domestic as well as international impact, as the
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international cancer community models many of their policies according
to what ASCO advocates. Dr. Wadden advocated for more educational and
policy efforts being made to prevent obesity in the general population as
well. “Treatment alone is clearly not the answer to the obesity epidemic. We
have to do more to prevent this disorder,” he said.

Dr. Partridge stressed that obesity is an interesting disease because in
addition to its molecular basis, it is impacted by individual behavior, and by
family, workplace, or community influences on that behavior. “I can visual-
ize a system’s biomedicine approach to obesity in which you have the basic
scientists, the behaviorists, the epidemiologists, and the political scientists
working together in transdisciplinary teams with excellent informatics that
links all that together, so you can begin to tease out the important factors
at cach level needed to make some progress,” he said.

Mr. Kean suggested reaching out to experts who can frame the obesity
and cancer policy issues within the context of the economy and jobs or
other high-priority topics that are more likely to garner the interest of poli-
ticians who can influence obesity policies. He also suggested collaborating
with the IOM Evidence Communication Innovation Collaborative, which
is currently assessing how best to communicate evidence to patients and
the public at large.

Dr. Morgan Downey, of the Downey Obesity Report, stressed the genetic
and epigenetic components of obesity and cautioned that such factors be
considered when devising health or workplace policies related to the dis-
order. He said that according to obesity researcher Jeffrey Freidman, body
weight is as heritable as height (Friedman, 2004), so obesity is different
from a behavior such as smoking, which is more likely to be susceptible
to financial disincentives or penalties. He said that some workplaces and
insurers and even the Affordable Care Act are suggesting placing similar
penalties on people who are overweight and obese. “We have to be careful
because the types of interventions that were successful in cancer prevention
via smoking I don’t think are going to prove very effective in long-term
obesity reduction.”

WRAPPING UP

Dr. Wahnefried-Demark provided some closing remarks, noting that
growing evidence from both clinical and animal studies shows that obesity
increases the risk of cancer incidence, recurrence after treatment, progres-
sion, and cancer death for many organ sites. This is a significant public
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health concern given that an obesity epidemic is currently spreading world-
wide, and obesity is the second leading risk factor for cancer incidence. Hor-
mones, growth factors, and inflammation may underlie the mechanisms by
which obesity increases cancer risk, with animal and human study results
consistently suggesting specific interacting mechanistic pathways that vary
by cancer subtype.

Key molecules in those pathways could serve as targets for drugs aimed
at preventing cancer or cancer recurrence or progression. There is grow-
ing evidence that lifestyle measures, such as reducing weight, maintaining
a healthy diet, and increasing physical activity could also lower cancer
risk. Most of that evidence is observational and would be strengthened
by randomized clinical trials. However, routine measurements of obesity
indicators in clinical trials would aid researchers’ attempts to document
the benefits of various interventions in stemming obesity and its impact
on cancer risk.

In the meantime, more education of oncologists, dietitians, primary
care physicians, and other healthcare practitioners who work with cancer
survivors and better dissemination of what is known about obesity’s influ-
ence on the risk of cancer recurrence, progression, and mortality, and ways
to ameliorate that risk could be beneficial.

Reimbursement by health insurers for obesity treatments, including
weight loss programs, and more involvement of industry and schools in pro-
moting policies that help prevent obesity might also have a positive impact,
not just on cancer incidence, but on the well-being of cancer patients.
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AARP
ACS
ACS
AHEAD
ALDH
AMP
ASCO
ATAC

BMI

CHALLENGE
CMS

CRP

CWLS

CXCL

CXCR

DNA
DPP

EGF

Acronyms

American Association of Retired Persons

American Cancer Society

American College of Surgeons

Action for HEAIth in Diabetes

aldehyde dehydrogenase

adenosine monophosphate

American Society of Clinical Oncology

Arimidex, Tamoxifen, Alone or in Combination trial

body mass index

Colon Health and Life-Long Exercise Change
Centers for Medicare & Medicaid Services
C-reactive protein

Collaborative Women’s Longevity Study
chemokine (C-X-C motif) ligand

chemokine (C-X-C motif) receptor

deoxyribonucleic acid
diabetes prevention program

epidermal growth factor
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EMT
ER
ERK

FDA
FFA

GP
HEAL

IGF
IL
IOM
IRS

JAK
LIF

MAC
MCP
MI
mTOR

NCI
NCPF
NF-kB

NHS
NIH

PAI
PGE
PI3K
PR
PSA
PTEN
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epithelial-mesenchymal transition
estrogen receptor
extracellular-signal-regulated kinase

Food and Drug Administration
free fatty acid

glycoprotein
Health, Eating, Activity, and Lifestyle study

insulin-like growth factor
interleukin

Institute of Medicine
insulin receptor substrate

Janus kinase
leukemia inhibitory factor

macrophages

monocyte chemotactic protein
myocardial infarction
mammalian target of rapamycin

National Cancer Institute

National Cancer Policy Forum

nuclear factor kappa-light-chain-enhancer of activated B
cells

Nurses’ Health Study

National Institutes of Health

plasminogen activator inhibitor
prostaglandin

phosphoinositide 3-kinase
progesterone receptor

prostate specific antigen
phosphatase and tensin homolog
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REAP
RMR
ROS

SHBG
STAT

TEE
TEF
TG
TGFB
TNF
TPA
TREC
TSC

USPSTF
VEGF
WCRF
WHEL

WHO
WINS

Rapid Eating and Activity Assessment for Patients
resting metabolic rate
reactive oxygen species

sex hormone binding globulin
signal transducer and activator of transcription

total energy expenditure

thermic effect of food

triglycerides

transforming growth factor f3

tumor necrosis factor

tumor promoting agent

Transdisciplinary Research on Energetics and Cancer
tuberous sclerosis protein

U.S. Preventative Services Task Force

vascular endothelial growth factor

World Cancer Research Fund

Women’s Healthy Eating and Living study
World Health Organization

Women'’s Intervention Nutrition Study
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8:15 am

8:20 am

8:30 am

Workshop Agenda

THE ROLE OF OBESITY IN

CANCER SURVIVAL AND RECURRENCE:

A WORKSHOP

October 31-November 1, 2011

The Keck Center of the National Academies, Room 100

500 Fifth Street, NW, Washington, DC 20001

DAY 1

Welcome from the IOM National Cancer Policy Forum
Patricia Ganz, University of California, Los Angeles
(UCLA), National Cancer Policy Forum Vice Chair

Workshop Introduction and Overview
Wendy Demark-Wahnefried, University of Alabama at
Birmingham, Workshop Planning Committee Chair

Session 1: Role of Obesity and Weight Gain in the
Promotion of Various Cancers

Moderator: Rachel Ballard-Barbash, National Cancer
Institute (NCI)

Overview of the role of obesity in cancer risk and

progression

- Susan Gapstur, American Cancer Society

Evidence for the role of obesity in breast cancer progression

- Pamela Goodwin, Mount Sinai Hospital, University of
Toronto
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10:30 am

11:15 am

12:15 pm

THE ROLE OF OBESITY IN CANCER

Evidence for the role of obesity in prostate cancer

progression

- Elizabeth A. Platz, Johns Hopkins Bloomberg School of
Public Health

Obesity, energy balance, and colorectal cancer survivorship

- Jeffrey Meyerhardt, Dana-Farber Cancer Institute

The impact of weight loss on cancer incidence and

mortality

- Bruce M. Wolfe, Oregon Health & Science University

Correlations of obesity, comorbidity, and treatment:

Implications for survival analysis and interpretation

- Rachel Ballard-Barbash, NCI

Panel Discussion
Questions:

e What is the current state of the evidence? What are the
evidence gaps?

e s the evidence strong enough to recommend weight
loss for individuals who are overweight or obese and
who are either newly diagnosed with cancer or long-
term cancer survivors?

e Would such an approach be recommended for all
survivors or a subset of individuals diagnosed with
specific cancers? If the latter, which cancers are those?

e What is the downside of recommending weight loss to
cancer survivors who are overweight or obese given the
high incidence of comorbidity in this population?

e What are the methodological issues for closing the
evidence gaps?

e How do we adjust data on obesity for other factors such
as physical activity and diet?

Lunch Break

Session 2: Mechanisms by Which Obesity May
Influence Cancer Progression

Moderator: Stephen Hursting, University of Texas at
Austin
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2:30 pm
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Opverview of mechanisms

- Nathan Berger, Case Western Reserve University School
of Medicine

Increased risk of cancer in obesity and type 2 diabetes

- Derek LeRoith, Mount Sinai School of Medicine

Growth factor and energy sensing pathways

- John DiGiovanni, University of Texas at Austin

Hormonal factors in obesity and breast cancer

- Angela Brodie, University of Maryland

Obesity and breast inflammation: Implications for

carcinogenesis

- Andrew Dannenberg, Weill Medical College of Cornell
University

Obesity, stem cells, and cancer

- Madhuri Kakarala, University of Michigan

Signaling pathway crosstalk/Systems biology

- Nathan Berger, Case Western Reserve University School
of Medicine

Panel Discussion
Questions:

e What is the evidence to support a role for the various
potential mechanisms underpinning the obesity—cancer
link?

e What are the most pressing unanswered questions about
mechanistic pathways?

e What mechanisms are the most viable targets for
pharmacologic or other interventions?

e Are muldpronged approaches feasible? Should the focus
be on combination therapies and interventions?

e How easy is it to measure the intermediate biomarkers
that have been suggested?

- For which of these biomarkers are there reliable
assays?

- For which are there limited means to assess specific
levels?

- What barriers exist in determining levels in humans?
(e.g., is fresh frozen tissue necessary for assessment?)
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3:30 pm Break

3:45 pm Session 3: Dissecting the Obesity—Cancer Link—Is It
Obesity? Energy Balance? Physical Activity?
Moderator: Wendy Demark-Wahnefried, University of
Alabama at Birmingham

Overview

- Wendy Demark-Wahnefried

Mechanistic insights from animal models

- Stephen Hursting, University of Texas at Austin
Clinical evidence

- Jennifer Ligibel, Dana-Farber Cancer Center

4:45 pm Panel Discussion
Questions:

e What is the ultimate driver of the obesity—cancer link?

e Are the relationships between physical activity and
energy restriction in cancer similar to those in other
diseases such as cardiovascular disease, or does cancer
represent a different model?

e What model systems and research methodologies
could help us sort out the various contributions to the
obesity—cancer link?

e What is needed for effective clinical studies?

e If we are able to discern the factors most influential
in cancer promotion, would that necessarily change
medical practice?

e How might we best break the obesity—cancer link?

5:15 pm Wrap-up, Day 1

5:30 pm Adjourn Day 1
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8:30 am

10:30 am

11:30 am
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DAY 2

Session 4: Tying It All Together
Moderator: Pamela Goodwin, University of Toronto

Overview of weight loss interventions for obese adults

- Thomas Wadden, University of Pennsylvania

Physical activity interventions in cancer survivors: What
works?

- Kerry Courneya, University of Alberta

Evidence from diet and weight loss studies for cancer
survivors: What works?

- Cheryl Rock, University of California, San Diego
Interventions in cancer survivors; issues and challenges in
this population

- Anne McTiernan, University of Washington

When do we have enough evidence to intervene in cancer
patients?

- Patricia Ganz, UCLA

Panel Discussion

Opening statements by:

Kate Murphy, Fight Colorectal Cancer
Diana Dyer, CancerRD.com

Questions:

e When is there enough evidence to warrant intervention?

e What interventions are effective? What is the evidence?

e When is the teachable moment?

e What are the mechanics of intervention: Who, when,
where, how, and what?

e Which interventions are likely to be the most
cost-effective?

e What barriers stand in the way of broad dissemination
on interventions?

Lunch Break
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12:00 pm

1:00 pm

1:10 pm

THE ROLE OF OBESITY IN CANCER

Session 5: Reactions and Panel Discussion—What Are
the Policy and Research Implications?

Moderators: Martin Murphy, CEO Roundtable on
Cancer and Patricia Ganz, UCLA

Lori Minasian, Division of Cancer Prevention, NCI

Linda Nebeling, Division of Cancer Control and
Population Sciences, NCI

Jo Anne Zujewski, Division of Cancer Treatment and
Diagnosis, NCI

Edward Partridge, American Cancer Society and University
of Alabama at Birmingham

Dean Brenner, American Society of Clinical Oncology and
University of Michigan

Questions:

e What are the research needs and goals to advance
understanding of this topic?

e What resources and infrastructures are needed to
accomplish the research goals?

e What is needed for effective interdisciplinary research in
this area?

e What policy changes do you suggest to reduce obesity-
related cancer incidence and mortality?

e What are the obstacles to implementing such policy
changes? How could those obstacles be overcome?

e How can we work with other medical fields to
accomplish common goals?

Closing Remarks—Wendy Demark-Wahnefried

Adjourn
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Speaker Biographies

Rachel Ballard-Barbash, MD, MPH, serves as the associate director of
the Applied Research Program in the Division of Cancer Control and
Population Sciences at the National Cancer Institute (NCI). The program’s
mission is to understand how and why cancer care and control activities in
the United States influence patterns of care and trends in cancer burden
through evaluation of patterns and trends in cancer-associated health behav-
iors and risk factors, health care services, economics, and outcomes, includ-
ing patient-reported outcomes. Her own research focuses in the areas of
physical activity, diet, and weight at the individual, population, and policy
level, and quality of cancer care in the area of screening and treatment. She
has also focused on improving methods and systems for tracking cancer pre-
ventive measures in national and local populations, and on examining the
delivery of health care utilization and services in screening and treatment.
Dr. Ballard-Barbash received her MD from the University of Michi-
gan in 1981 and her MPH in epidemiology from the University of Min-
nesota in 1985. She trained in internal medicine at Northwestern Univer-
sity, and in preventive medicine and clinical nutrition at the Mayo Clinic.
Following her training, Dr. Ballard-Barbash developed a clinical nutrition
care program within a multi-specialty clinic prior to joining NCI in 1987
as a staff fellow. Before her present position at NCI, she served as the U.S.
Department of Health and Human Services nutrition policy advisor in the
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Assistant Secretary’s Office of Disease Prevention and Health Promotion
in 1990 and 1991 before returning to NCIL.

She has published widely in the areas of diet, physical activity, weight,
and cancer risk and prognosis, and in the areas of cancer control surveil-
lance and breast cancer screening and treatment within clinical care. She is
an author and co-author of more than 180 peer-reviewed publications and
7 invited book chapters. In addition to her research, she has participated in
the development and review of both general population and cancer-specific
reviews and guidelines related to diet, physical activity, and weight at the
national and international level. She was the NCI program director for the
Breast Cancer Surveillance Consortium from 1995 to 2005, and has served
as the NCI director of the International Cancer Screening Network since
1995. She directs the Health, Eating, Activity, and Lifestyle Study of Breast
Cancer Prognosis. She leads an NCI effort to advance research on the com-
bined effects of diet, physical activity, and weight on cancer, serves on the
Senior Leadership Group for the National Institutes of Health (NIH) Obe-
sity Research Task Force, and advances NIH’s research in the NIH/Centers
for Disease Control and Prevention/Robert Wood Johnson Foundation
National Collaborative on Childhood Obesity Research to advance research
that identifies population-level solutions to the childhood obesity epidemic.

Nathan A. Berger, MD, is the Hanna-Payne Professor of Experimental
Medicine and director of Case Western Reserve Universicy (CWRU) Center
for Science, Health and Society. He is the 2007 recipient of the Frank and
Dorothy Humel Hovorka Prize for exceptional achievements in teaching,
research, and scholarly service that have benefited the community, nation,
and world. In 2010 he was recognized as the CWRU Honorary Alumnus
of the Year and in 2011 he was awarded a CWRU Distinguished University
Professorship. In addition, he is an inductee into the Cleveland Medical
Hall of Fame and a recipient of the Cancer Hall of Fame’s Research Award
from the American Cancer Society.

He is professor of medicine, biochemistry, genetics, and oncology at
the Case Western Reserve University School of Medicine. Berger is an active
clinician and researcher. He leads two major interdisciplinary research ini-
tiatives funded by the National Institutes of Health, one focused on aging
and cancer, the other on energetics and cancer. He is also co—principal
investigator of the CWRU Specialized Program of Research Excellence in
gastrointestinal cancer and the CWRU Barrett’s Esophagus Translational
Research Network Program. Berger is the author of more than 160 papers,
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reviews, and book chapters on poly (ADP-Ribose), DNA damage and
repair, developmental therapeutics, aging and cancer, and energy balance
and cancer. He is editor for the book series Energy Balance and Cancer.
He served as chief of the hematology/oncology division, then director of
the Cancer Research Center for 10 years and dean of the Case School of
Medicine for 7.

Berger attended Temple University, Hahnemann Medical School
and served fellowships in hematology/oncology at Washington University
School of Medicine and in molecular biology at the NIH Gerontology
Research Center. He was a faculty member at Washington University in St.
Louis before moving to CWRU.

Dean E. Brenner, MD, is a clinical oncologist and clinical pharmacologist
who played a pivotal role in the development and growth of the Cancer
Prevention and Control at the University of Michigan. Dr. Brenner’s
research is focused upon the clinical pharmacology of cancer risk reductive
interventions (“chemoprevention”). He has developed new ways to under-
stand pharmacology of natural or synthetic compounds to delay, reverse
or prevent the development of invasive cancer. Therapeutic index, the risk
benefit ratio, represents a key barrier in the development and deployment
of cancer risk reductive interventions. Dr. Brenner’s group has focused on
defining the efficacy and toxicity of the polyphenol class of nutritional
extracts, curcumin, resveratrol, and gingerols through their action upon
the cyclooxygenase and lipoxygenase systems that regulate inflammation.
He has developed new ways of identifying and validating biomarkers that
may be used for assessment of cancer risk reduction efficacy and early cancer
detection.

Dr. Brenner’s work has spanned the spectrum of translational research
in cancer prevention. He serves as principal investigator of a multicenter,
international consortium, the Great Lakes/New England Clinical Epide-
miology and Validation Center of the Early Detection Research Network.
This National Cancer Institute—funded cooperative network focuses on the
discovery and validation of new surrogate endpoint biomarkers for early
diagnosis of carcinogenesis in humans. A gastrointestinal Specialized Pro-
gram of Research Excellence for translation of bench to bedside and back
to bench research in pancreatic and colon cancers has been funded with Dr.
Brenner as principal investigator.

Dr. Brenner has served as a charter member of the American Society of
Clinical Oncology’s (ASCO’s) Cancer Prevention Committee from 2002
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to 2006. He was reappointed as chair of the Cancer Prevention Committee
in 2009 and is currently the past chair of the Cancer Prevention Commit-
tee. Dr. Brenner chaired ASCO’s Annual Meeting Program Committee
Cancer Prevention Track in 2010. Dr. Brenner also serves as a member of
the American Association for Cancer Research’s Annual Meeting Education
Committee.

Angela Hartley Brodie, PhD, is professor of pharmacology and experi-
mental therapeutics at the University of Maryland School of Medicine
and an internationally recognized researcher at the University of Maryland
Marlene and Stewart Greenebaum Cancer Center. Dr. Brodie is renowned
for her groundbreaking work in the development of aromatase inhibitors
used in the treatment of breast cancer.

Among her many awards are the prestigious Charles E Kettering
Prize from the General Motors Cancer Research Awards in 2005, and the
Dorothy P. Landon-American Association for Cancer Research Prize for
Translational Cancer Research in 2006, which recognizes “seminal con-
tributions to our understanding of cancer through basic and translational
research.”

Aromatase inhibitors help to prevent recurrence of breast cancer in
postmenopausal women by reducing the level of estrogen in the body,
thereby cutting off the fuel that promotes the growth of cancer cells. Dr.
Brodie began developing this novel approach of targeting the enzyme
aromatase to inhibit the synthesis of estrogen in the early 1970s, initially
working with her husband, Harry Brodie, PhD, a chemist. She went on to
develop formestane, the first aromatase inhibitor to be used to treat breast
cancer patients. Released for worldwide use in 1994, it was the first new
agent in a decade designed to treat breast cancer. Her work paved the way
for the development of other aromatase inhibitors, which are now pre-
scribed for women around the world.

Dr. Brodie has expanded her research into prostate cancer and is now
developing steroidal compounds that target key enzymes in the produc-
tion of androgens, or male hormones, which play a role in recurrence of
the cancer. She has received numerous other awards, including the Brinker
Award for Scientific Distinction from the Susan G. Komen Breast Cancer
Foundation in 2000, and has published nearly 200 papers in peer-reviewed
scientific journals.
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Kerry S. Courneya, PhD, is director of the Behavioral Medicine Labora-
tory, professor, and Canada Research Chair in the faculty of physical edu-
cation and recreation at the University of Alberta in Edmonton, Canada.
He received his BA (1987) and MA (1989) in physical education from the
University of Western Ontario (London, Canada) and his PhD (1992) in
kinesiology from the University of Illinois. After spending 5 years as an
assistant/associate professor at the University of Calgary, he accepted a posi-
tion at the University of Alberta in 1997.

Dr. Courneya’s research program focuses on physical activity and can-
cer including topics such as primary prevention, coping with treatments,
recovery after treatments, long-term survivorship, and disease recurrence
and survival. His research interests include both the outcomes and deter-
minants of physical activity as well as behavior change interventions. Dr.
Courneya is study co-chair for the Colon Health and Life-Long Exercise
Change trial designed to determine the effects of exercise on disease-free
survival in colon cancer survivors across Canada and Australia. He is also
team co-leader for the Alberta Moving Beyond Breast Cancer Cohort Study
designed to determine the associations between physical activity, health-
related fitness, and disease outcomes in newly diagnosed Alberta breast
cancer survivors.

He has co-authored the American Cancer Society’s physical activity and
nutrition guidelines and the American College of Sports Medicine’s exercise
guidelines for cancer survivors. He was the guest editor for a special issue
on Physical Activity in Cancer Survivors in Psycho-Oncology in 2009 and was
lead editor for a special volume on Physical Activity and Cancer in the book
series Recent Results in Cancer Research (2011).

Andrew J. Dannenberg, MD, the Henry R. Erle, MD—Roberts Family
Professor of Medicine, is director of the Weill Cornell Cancer Center. Dr.
Dannenberg received his medical degree from Washington University in
St. Louis and served as a medical resident and gastroenterology fellow at
The New York Hospital-Cornell Medical Center. His laboratory is focused
on elucidating the mechanisms underlying the inflammation-cancer con-
nection with an emphasis on prostaglandin biology. Dr. Dannenberg has
authored more than 150 scientific articles, as well as edited several books
and journals. He is a member of the Association of American Physicians, the
American Society for Clinical Investigation, and the American Association
for Cancer Research (AACR). He previously chaired the Program Commit-
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tee of the AACR “Frontiers in Cancer Prevention Research” meeting and
serves on the editorial boards of several journals, including Cancer Preven-

tion Research, Clinical Cancer Research, and Journal of Clinical Oncology.

Wendy Demark-Wahnefried, PhD, RD, is professor and Webb Endowed
Chair of nutrition sciences at the University of Alabama at Birmingham
(UAB), as well as the associate director for cancer prevention and control
at UAB Comprehensive Cancer Center. Dr. Demark-Wahnefried is a
nutrition scientist with training in biochemistry, genetics, and behavioral
science. For the past two decades, her research career has spanned basic sci-
ence studies focused on determining mechanisms of action of food-related
components on neoplastic progression, to clinical research that involves
nutrition-related concerns of cancer patients, as well as determining effec-
tive lifestyle interventions that improve the overall health of cancer survivors
and populations at high risk for cancer (relatives of cancer survivors, rural
African Americans residing in high incidence counties, etc.). Her laboratory
has conducted some of the largest studies exploring metabolic and body
composition changes in response to cancer treatment. An area of research
in which Dr. Demark-Wahnefried has experienced particular success is in
the delivery of home-based lifestyle interventions among cancer survivors,
where she has led and continues to lead a number of National Institutes of
Health-funded trials aimed at improving the diet and exercise behavior of
cancer survivors. She was a named a Komen Professor of Survivorship for
her work in this arena. In addition to her research, Dr. Demark-Wahnefried
also serves on several committees, including the American Cancer Soci-
ety’s Guidelines Panel for Nutrition and Physical Activity among Cancer
Survivors, the World Cancer Research Fund, and the American College of
Sports Medicine Guidelines Panel for Physical Activity in Cancer Survivors,
and the American Society of Clinical Oncology Committee on Cancer
Survivorship.

John DiGiovanni, PhD, is professor of pharmacology and toxicology at
the University of Texas at Austin. Research in his laboratory has focused for
many years on understanding how cancer develops and on the identification
of novel targets, mechanisms, and strategies for cancer prevention.

Several major research projects are ongoing in the DiGiovanni labo-
ratory. One major research area focuses on identifying specific cellular
signaling pathways that are disrupted during tumor development and
progression. Signaling pathways currently under study include the PI3K/

Copyright © National Academy of Sciences. All rights reserved.



The Role of Obesity in Cancer Survival and Recurrence: Workshop Summary

APPENDIX C 97

Akt/mTOR pathway and Signal Transducers and Activators of Transcrip-
tion (STATS), especially STATs 1, 3, and 5. Other areas of research involve
studies aimed at identifying the target cells (i.e., stem/progenitor cells)
for tumor development and identifying genes that confer susceptibility to
environmentally-induced cancer. These studies have used genetic crosses
between sensitive and resistant mice to map genes involved in the pro-
motion of skin tumors in mice. These studies also incorporate the novel
approach of using “genetical genomics” to help identify novel genes, path-
ways, and networks involved in cancer susceptibility.

A major new research direction in the DiGiovanni laboratory focuses
on the impact of obesity on cancer development and progression, includ-
ing obesity that occurs early in life. His lab is currently studying the impact
of obesity on cellular signaling pathways in several tissues in relation to
its effects on cancer development. The overall goal of this research is to
identify molecular targets and strategies to offset the increased cancer risk
and mortality associated with obesity. Cancers currently under study in
the laboratory include both melanoma and non-melanoma skin cancers,
prostate cancet, head and neck squamous cell carcinoma, and lymphoma.

Diana Dyer, MS, RD, has a 35-year career as a registered dietitian (RD)
spanning the health care spectrum, from an early specialty in critical care
nutrition to tirelessly advocating for the inclusion of nutrition as an auto-
matic and pro-active component of comprehensive cancer care, both dur-
ing therapy and survivorship. A multiple-time cancer survivor herself, she
wrote the highly regarded book A Dietitians Cancer Story, which has been
reprinted 13 times since first published in 1997. Ms. Dyer also developed
the website CancerRD.com in 1998, one of the first RDs to have her own
website. The Michigan Dietetic Association honored her in 1998 with
its Individual Public Relations Award and again in 2000 as Michigan’s
Dietitian of the Year. After serving on the American Dietetic Association’s
(ADAs) Oncology Nutrition Dietetic Practice Group (ON DPG) Executive
Board for many years, initiating the discussions that led to the development
of both Standards of Practice/Standards of Professional Performance and the
Specialty Certification in Oncology Nutrition, and founding ON DPG’s
Survivorship Subunit, ON DPG honored Ms. Dyer with its Distinguished
Practice Award in 2005. In 2009, she moved even farther along the health
care spectrum to begin her “encore career” as a Dietitian-Farmer. Ms. Dyer
and her husband finally returned to their first dream, at last becoming new
farmers, starting The Dyer Family Organic Farm near Ann Arbor, MI,
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growing 40+ varieties of organic garlic. Their mission is “shaping our future
from the ground up.”

To further her mission of shaping the future, Ms. Dyer wrote the
School to Farm Program for ADA's Hunger and Environmental Nutrition
DPG and hopes that it will help to shape the future of dietetic students
and interns by providing volunteer opportunities for them to experience
and appreciate the role, challenges, and multiple benefits of sustainable
agriculture and locally grown foods within a secure and sustainable food
system. The Hunger and Environmental Nutrition DPG selected Ms. Dyer
to receive their Excellence Award in 2010. She has been a regularly invited
speaker by cancer survivor and health professional groups throughout the
country since 1997 but currently enjoys speaking less and spending more
time growing, cooking with, and selling 40+ varieties of organic garlic at
three local farmers’ markets, having dietitians and dietetic students come
to visit or work on her farm, and writing for her three blogs (dianadyer.
com, 365DaysofKale.com, and cancervictorygardens.com). Ms. Dyer was
honored to be included in the group of 10 RDs “who are making a differ-
ence,” selected by Zodays Dietitian Magazine in 2011.

Dr. Patricia Ganz, MD, a medical oncologist, received her BA magna cum
laude from Radcliffe College (Harvard University) in 1969 and her MD
from the University of California, Los Angeles (UCLA) in 1973. She com-
pleted her training in internal medicine and hematology/oncology at UCLA
Medical Center from 1973 to 1978, where she also served as chief resident
in medicine. She has been a member of the faculty of the UCLA School of
Medicine since 1978 and the UCLA School of Public Health since 1992.
Since 1993 she has been the director of the Division of Cancer Preven-
tion and Control Research at the Jonsson Comprehensive Cancer Center.
In 1999 she was awarded an American Cancer Society Clinical Research
Professorship for “Enhancing Patient Outcomes Across the Cancer Control
Continuum,” and in 1999 and 2000 received the Susan G. Komen Founda-
tion Professor of Survivorship Award. Dr. Ganz was elected to the Institute
of Medicine (IOM) in 2007, and in 2010 received the American Cancer
Society Medal of Honor. She served on the National Cancer Institute Board
of Scientific Advisors from 2002 to 2007 and on the American Society of
Clinical Oncology (ASCO) Board of Directors from 2003 to 2006. She
currently serves as the ASCO representative to the National Cancer Policy
Forum of the IOM.

Dr. Ganz is a pioneer in the assessment of quality of life in cancer
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patients and survivors, and is active in clinical trials research with the
National Surgical Adjuvant Breast and Bowel Project. She has focused
much of her clinical and research efforts in the areas of breast cancer
and its prevention, and was a member of the National Cancer Institute
Progress Review Group on Breast Cancer. At the Jonsson Comprehensive
Cancer Center, she directs the Division of Cancer Prevention and Control
Research, and leads the scientific program focused on patients and survivors.
In 1997 she established the UCLA Family Cancer Registry and Genetic
Evaluation Program, which serves patients and survivors, as well as those at
high risk for familial/hereditary cancers. Her other major areas of research
include cancer survivorship and late effects of cancer treatment, cancer in
the elderly, and quality of care for cancer patients. She served on the IOM
committee responsible for the 2005 report From Cancer Patient to Survivor:
Lost in Transition and on the 2008 IOM committee for the report Cancer
Care for the Whole Patient: Meeting Psychosocial Health Needs. Dr. Ganz is
an associate editor for the Journal of the National Cancer Institute and CA-A
Journal for Clinician, and is on the editorial board of the Journal of Cancer
Survivorship. She was a founding member of the National Coalition for
Cancer Survivorship in 1986, and has directed the UCLA-LIVESTRONG
Survivorship Center of Excellence at the Jonsson Comprehensive Cancer
Center since 2006.

Susan M. Gapstur, PhD, MPH, is vice president of epidemiology at the
American Cancer Society. She received her MPH and PhD in epidemiol-
ogy from the University of Minnesota. She began her academic career as
an assistant professor of preventive medicine at Northwestern University in
Chicago in 1994. She subsequently was promoted to associate and then full
professor, and also assumed the role of associate director of cancer preven-
tion and control at the Robert H. Lurie Comprehensive Cancer Center of
Northwestern University. Dr. Gapstur joined the American Cancer Society
in February 2009. As vice president of the Epidemiology Research Program,
she oversees all research related activities for this program of 35 investigators
and staff. She is the principal investigator of the Cancer Prevention Study
11, one of the largest prospective cohort studies in the world.

Dr. Gapstur’s research focuses on identifying cancer risk factors, with
a particular emphasis on the role of hormone (both endogenous and exog-
enous) and lifestyle factors such as alcohol consumption on risk of breast
cancer in women, prostate cancer in men and pancreatic cancer in both. For
example, based on data from a large prospective study of postmenopausal
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women, she reported differences in associations of hormone replacement
therapy with specific breast cancer histologic subtypes—that study was
published in JAMA in 1999. Using data from another large cohort study,
Dr. Gapstur showed that post-load plasma glucose levels were significantly
associated with an increased risk of pancreatic cancer (JAMA, 2000). These
findings support the hypothesis that abnormal glucose metabolism is not
just a consequence of pancreatic cancer but is also a cause of the disease.

Dr. Gapstur has served on several national and international com-
mittees including the National Institutes of Health, Center for Scientific
Review, Epidemiology of Cancer peer review committee, the National
Cancer Institute Subcommittee A (Cancer Center Support Grants), and
the International Agency on Cancer Working Group Monograph Volume
96 “Alcoholic Beverage Consumption, Acetaldehyde and Urethane.” She
is a senior editor of the scientific journal Cancer Epidemiology Biomarkers
and Prevention.

Pamela J. Goodwin, MD, MSc, FRCP, has been actively involved in
research relating to breast cancer for the past 20 years. Eatly in her career,
she became intrigued with the possibility that lifestyle, especially obesity,
might impact outcomes of women diagnosed with breast cancer. She began
a program of research that focused on the role of lifestyle factors, including
nutrition, exercise, and related factors in the clinical course of breast cancer.
She has led a number of studies that investigate the complex interactions
between body size, nutrition, exercise, and physiologic mediators such as
insulin, IGF-I, and vitamin D, examining the impact of these factors on
survival of women diagnosed with breast cancer. She has also led a mul-
ticenter randomized trial that demonstrated that participation in support
groups helped women who were psychologically distressed by their breast
cancer cope with their cancer; however, support groups did not influence
survival. More recently, Dr. Goodwin has begun investigating the status of
long-term breast cancer survivors and the influences of hereditary factors
and vitamin D on breast cancer outcomes.

Dr. Goodwin is a professor of medicine at the University of Toronto,
with cross appointments in the Department of Health Policy, Management
and Evaluation and in the School of Graduate Studies. She is a Scientist in
the Samuel Lunenfeld Research Institute at Mount Sinai Hospital, Director
of the hospital’s Marvelle Koffler Breast Centre and holder of the Marvelle
Koffler Chair in Breast Research.
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Stephen D. Hursting, PhD, MPH, is professor and chair of the Depart-
ment of Nutritional Sciences, as well as the Margaret McKean-Love Chair
of Nutritional, Molecular and Cellular Sciences, at the University of Texas
(UT) at Austin. He is also professor of carcinogenesis at the UT-MD
Anderson Cancer Center. Dr. Hursting earned his PhD in nutritional
biochemistry and MPH in nutritional epidemiology from the University
of North Carolina at Chapel Hill, and he completed postdoctoral training
in molecular carcinogenesis and cancer prevention as a Cancer Prevention
Fellow at the National Cancer Institute (NCI). Prior to joining the Uni-
versity of Texas faculty, Dr. Hursting was chief of the NCI's Nutrition and
Molecular Carcinogenesis Laboratory Section and deputy director of the
NCT’s Office of Preventive Oncology (1999-2005).

Dr. Hursting’s research interests center on diet—gene interactions
relevant to cancer prevention, particularly the molecular and hormonal
mechanisms underlying energy balance—breast cancer associations. His
research program, which has resulted in more than 125 peer-reviewed
publications, focuses on three interrelated areas: (1) mechanism-based
nutrition and cancer prevention studies in genetically engineered mice;
(2) molecular and metabolic mechanisms underlying the energy balance
and carcinogenesis relationship, with a particular interest in the roles of
the IGF-1/Akt/mTOR signaling pathways and inflammatory pathways in
breast and pancreatic cancers; and (3) translational nutrition and chemo-
prevention studies linking preclinical research with complementary clinical
or epidemiologic studies.

Madhuri Kakarala, MD, PhD, is a medical oncologist who practices
breast medical oncology with a specific interest in those at high risk for
male or female breast cancer at the University of Michigan. She is also a
nutrition scientist with a doctorate in human nutrition from Michigan
State University and clinical dietetics training and practice experience. Her
research focuses on translational investigation of nutritional and pharma-
ceutical interventions for cancer risk reduction. Her lab is investigating stem
cells and signaling pathways regulating their self renewal and differentia-
tion such as Wnt, Notch, and Hedgehog as targets for cancer risk reductive
interventions or biomarkers for cancer risk reduction intervention efficacy
assessment in early phase human clinical trials. Additionally, her lab is inves-
tigating stem cell signaling changes and epigenetic alterations and markers
as potential novel biomarkers for cancer early detection.

Dr. Kakarala’s lab is also studying the pharmacokinetics of natural
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products and drugs for cancer risk reduction in human Phase I clinical
trials. She is investigating mechanistic effects of natural compounds and
select drugs on stem cells and other biomarkers involved in carcinogenesis.
She is, then, translating the discoveries in lab into efficacy human Phase
[Ia trials to determine if these compounds could be effective risk reduction
interventions in patients at high risk for breast (e.g., BRCA1 or 2 mutation
carriers or high-risk ductal carcinoma in situ) and colon cancer (individuals
with high risk polyps). Dr. Kakarala has funding from the National Cancer
Institute, Susan G. Komen Foundation, and the Department of Veterans
Affairs for this area of research.

Derek LeRoith, MD, PhD, FACP, an endocrinologist and diabetologist, is
director of research of the Division of Endocrinology, Diabetes, and Bone
Diseases at the Mount Sinai School of Medicine in New York. Prior to join-
ing Mount Sinai’s faculty in 2005, Dr. LeRoith was chief of the Diabetes
Branch at the National Institutes of Health’s National Institute of Diabetes
and Digestive and Kidney Diseases. This is the largest program devoted
to the study of diabetes within the intramural program of the National
Institutes of Health.

He received his medical education in Cape Town, South Africa, and
has been on the faculty of the University of Cincinnati where he supervised
the diabetes teaching and clinical programs. He has interests in research in
diabetes, particularly type 2 diabetes.

Dr. LeRoith has served on the national board of the American Diabetes
Association and presently serves on the board of the Endocrine Fellows
Foundation. He is an editor of Reviews in Endocrine ¢ Metabolic Disorders
and a textbook on diabetes. He has published more than 500 original
research papers, reviews, and editorials, and edited a number of books on
diabetes and IGF-related topics.

Jennifer A. Ligibel, MD, is assistant professor in the department of medi-
cine at Harvard Medical School, and attending physician, adult oncology,
at Dana-Farber Cancer Institute (DFCI).

Dr. Ligibel received her MD from Washington University in St. Louis.
Later she completed a residency in internal medicine at Massachusetts
General Hospital, followed by a medical oncology fellowship at DFECI. In
2001, she joined the Women’s Cancer Program at DFCI, specializing in the
care of women with breast cancer. Dr. Ligibel’s research focuses on energy
balance and cancer. She has conducted projects studying the impact of
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physical activity on biomarkers linked to breast cancer risk and progression,
quality of life in women undergoing adjuvant chemotherapy, and functional
status in women with advanced breast cancer. Ongoing projects look at the
impact of physical activity upon tissue-based biomarkers in women with
newly diagnosed breast cancer and on serum biomarkers in survivors of
colon and rectal cancer.

Anne McTiernan, MD, PhD, is a member of the Epidemiology Program at
the Fred Hutchinson Cancer Research Center in Seattle, where she is direc-
tor of the Prevention Center. She is also research professor at the University
of Washington School of Public Health and Community Medicine depart-
ment of epidemiology, and School of Medicine division of geriatrics. Dr.
McTiernan’s research focuses on identifying ways to prevent new or recur-
rent cancer with a particular emphasis on weight control, physical activity,
and chemoprevention. She was principal investigator of the Seattle TREC
Center investigating mechanisms of energy balance and cancer prevention,
in which she led over 25 scientists in transdisciplinary research to elucidate
the pathways linking components of energy balance to the cancer process.

Dr. McTiernan is principal investigator of a randomized controlled trial
(RCT) that tested the independent and combined effects of two lifestyle
interventions in postmenopausal women: (1) a reduced-calorie diet with
goal 10 percent weight loss and (2) a moderate-intensity acrobic exercise
program. She is also principal investigator of an RCT testing the effects of
vitamin D on serum and tissue biomarkers of breast cancer risk in over-
weight/obese postmenopausal women undergoing a 12-month weight loss
program.

She is principal investigator of the Seattle site of Health, Eating, Activ-
ity, and Lifestyle Study, which is assessing associations of anthropometrics,
fat mass, sex and metabolic hormones, inflammation, vitamin D, diet, and
physical activity with prognosis in breast cancer survivors. She is also prin-
cipal investigator of the Seattle site of the ExCel trial which tested the effect
of exemestane, an aromatase inhibitor, on breast cancer prevention, and she
led an RCT testing aspirin effect on breast cancer biomarkers.

Previously she conducted an RCT of a 1-year aerobic exercise inter-
vention in postmenopausal women to assess the effect of exercise on
endogenous sex hormones. She was also principal investigator of an RCT
to test the effect of a 1-year aerobic exercise intervention on colorectal cell
proliferation, apoptosis, and prostaglandin content, and on other biomark-
ers of colon cancer risk in men and women. Dr. McTiernan was previously
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a co—project director in the Women’s Health Initiative (WHI) Clinical
Coordinating Center and continues to collaborate with WHI efforts.

Dr. McTiernan has published more than 250 manuscripts in peer-
reviewed medical and scientific journals, and has edited two scientific
volumes focused on energy balance, obesity, physical activity, and cancer.

Jeffrey Meyerharde, MD, MPH, is a gastrointestinal oncologist at the
Dana Farber Cancer Institute (DFCI) and an assistant professor of medi-
cine at Harvard Medical School. His research focus is on diet and lifestyle
studies in patients with colorectal cancer. Dr. Meyerhardt concentrates on
outcomes research among patients with gastrointestinal malignancies.

Dr. Meyerhardt received his MD from Yale School of Medicine in
1997. He completed a residency in internal medicine at Beth Israel Deacon-
ness Medical Center in Boston, followed by a medical oncology fellowship
at DFCI. He joined the Gastointestinal Cancer Center at DFCI in 2001
and became an associate professor of medicine at Harvard Medical School
in 2010.

Lori Minasian, MD, is chief of Community Oncology and Prevention
Trials Research Group, Division of Cancer Prevention, at the National
Cancer Institute (NCI). She is a board-certified medical oncologist and is
responsible for the management and oversight of the Community Clini-
cal Oncology Program, a large NCl-sponsored community-based clinical
trials network. Through this network, community oncologists participate
in cancer clinical trials in treatment, prevention, and cancer control. The
network sponsors the large breast and prostate cancer prevention trials,
several smaller prevention trials in disease sites that include colon, head and
neck cancer, lung cancer, and bladder cancer, as well as numerous symptom
management and other cancer control clinical trials.

Kate Murphy is a 29-year colorectal cancer survivor committed to provid-
ing easily understood information for colorectal cancer patients and their
families. As an advocate, she provides a voice for patients in many national
settings. Knowledge, she says, can break the desperate cycle of helplessness
and hopelessness. She currently serves as “listmom” on ACOR.org’s colon
cancer discussion list and writes and edits Fight Colorectal Cancer’s popular
Research News & Events Updates at www.FightColorectal Cancer.org/news.
As a research advocate, she sits on numerous patient advocate committees
including the National Cancer Institute Gastrointestinal Steering Com-
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mittee GI Steering Committee and the National Comprehensive Cancer
Network Colon, Rectal, Anal Panel, has been a mentor in American Asso-
ciation for Cancer Research’s Scientist-Survivor program, and represents
Fight Colorectal Cancer at meetings across the globe.

Martin J. Murphy, Jr., PhD, DMedSc, is the founding chief executive offi-
cer for the CEO Roundtable on Cancer, established in 2001 at the request
of former President George H. W. Bush, and Chairman of the Board and
chief executive officer for AlphaMed Consulting.

Dr. Murphy brings four decades of health care and cancer research
experience to his CEO Roundtable role through his extensive work as a
peer-reviewed cancer scientist, professor of medicine, editor and oncology
consultant. Dr. Murphy, a graduate of New York University, was awarded
postdoctoral fellowships at the Institut de Pathologie Cellulaire (Paris,
France), the Patterson Laboratories of the Christie Hospital and Holt
Radium Institute (Manchester, UK), and the John Curtin School of Medi-
cal Research, Australian National University (Canberra, Australia). He was
on the faculty of St. Jude Children’s Research Hospital (Memphis, TN),
Memorial Sloan-Kettering Cancer Center (New York, NY), and Wright
State University School of Medicine (Dayton, OH). Dr. Murphy founded
the Hipple Cancer Research Center in 1977 and led it for the next two
decades as its chief executive officer. When he retired from Hipple, endeav-
oring to advance both new discoveries and enhance improved global health
care delivery, Dr. Murphy founded AlphaMed Consulting that provides
support for comprehensive cancer centers as well as selected research-
intensive pharmaceutical and biotech companies.

Dr. Murphy is a director of Aldagen, a clinical-stage regenerative medi-
cine company. He is a member of the Scientific Advisory Board of Hatteras
Venture Partners, a charter member of the Scientific Advisory Board of
Pappas Ventures (2002 to 2008), and the primary biopharma consultant
to Catellus, the developer of Mission Bay, the largest life science campus in
San Francisco. He was the charter chairman of the Scientific Advisory Board
of ALMAC Diagnostics (2000 to 2008), a founding member of Queen’s
University School of Medicine International Review Board, chairman of
The Conquer Cancer Foundation of the American Society of Clinical
Oncology, a founding director of the All-Ireland Cancer Foundation, and
a director of the American Cancer Society Foundation (2000 to 2009). He
is the convener of ACT-China (Advanced Clinical Trials, China). He is a
director of the Foundation for the National Institutes of Health, a member
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of the Board of Visitors of the University of North Carolina Lineberger
Comprehensive Cancer Center, member of the Board of Advisors of the
H. Lee Moffitt Cancer Center & Research Institute, and a charter member
and director of C-Change. Queen’s University School of Medicine (Belfast)
conferred upon him the doctor of medical science degree.

Linda Nebeling, PhD, MPH, RD, FADA, is the chief of the Health
Behaviors Research Branch in the Behavioral Research Program (BRP),
Division of Cancer Control and Population Sciences (DCCPS), at the
National Cancer Institute (NCI). Dr. Nebeling is also the lead program
director for the Transdisciplinary Research in Energetics and Cancer
Centers initiative. She previously served as the acting associate director of
the BRE, DCCPS. Prior to joining the DCCPS, she was a public health
nutritionist and worked in the NCI’s National 5 A Day for Better Health
Program, the largest public—private nutrition education program of its
kind. She was awarded a post-doctoral appointment at the NCI's Cancer
Prevention Research Branch, in the NCI Cancer Prevention Fellowship
Program. Dr. Nebeling has worked previously as a teaching assistant in the
department of nutrition, Case Western Reserve University and a Clinical
Dietitian at Memorial Sloan-Kettering Cancer Center.

Dr. Nebeling received her doctorate in nutrition from Case Western
Reserve University. She has a master of public health degree from Johns
Hopkins University, Bloomberg School of Public Health, and is a graduate
of the Dietetic Internship Program at Memorial Sloan Kettering Cancer
Center in New York. Her research has focused on the relationship between
dietary behaviors in different population groups, especially for fruit and
vegetable consumption, and the risk of cancer and other chronic diseases.
She has authored numerous peer-reviewed publications and is a reviewer
for many professional journals.

Dr. Nebeling is a member of the National Fruit and Vegetable Alliance,
as part of the Produce for Better Health—Centers for Disease Control and
Prevention “Fruits and Veggies—More Matters” Program. She has served as
a member of the Research Advisory Board of the Produce for Better Health
Foundation; on the executive board of the Oncology Nutrition Dietetic
Practice Group in the American Dietetic Association; and on the editorial
board of the Journal of the American Dietetic Association. She has received
three NIH Merit Awards for exemplary contributions in the field of nutri-
tion and health promotion. In 2001, she was awarded the status of Fellow
of American Dietetic Association.
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Edward E. Partridge, MD, is director of the University of Alabama at
Birmingham (UAB) Comprehensive Cancer Center, a UAB gynecologist-
oncologist and professor who helped to create a community of cancer
caregivers in Alabama and to reduce racial and ethnic health disparities.

Dr. Partridge’s efforts helped gain Alabama participation in the Breast
and Cervical Cancer Early Detection Program, which allows women diag-
nosed with an abnormal mammogram to receive treatment regardless of
financial means. He has led the Alabama Black Belt Cancer Linkage Ini-
tiative, which assures that men and women diagnosed with cancer in the
Black Belt area would get state-of-the-art care, and he is a co-founder of the
Alabama Partnership for Cancer Control in the Underserved.

Currently, Dr. Partridge is principal investigator for the Deep South
Network for Cancer Control, a community-based participatory research
network, as well as a partnership involving the UAB Comprehensive Cancer
Center, Morehouse School of Medicine and Tuskegee University. The feder-
ally supported network pairs research at UAB with investigators at histori-
cally black colleges and universities, to enhance cancer disparity research.

His longtime volunteer work with the American Cancer Society (ACS)
included a major role in the establishment of the Joe Lee Griffin Hope
Lodge, which provides housing in Birmingham for out-of-town patients
receiving cancer treatment. He has served as chairman of the Mid-South
Division of the ACS and currently president of the National Board of
Directors for ACS.

Dr. Partridge is a native of Demopolis, Alabama, and was educated
there and at the University of Alabama, where he received a BS degree. He
received his MD from the UAB School of Medicine in 1973. He completed
residencies and a fellowship at UAB in obstetrics and gynecology. He also
was an ACS clinical fellow.

His entire career has been spent at UAB. He rose from instructor to
hold the endowed Margaret Cameron Spain Chair in Obstetrics and Gyne-
cology. He served for many years as director of the Division of Gynecologic
Oncology, and is now director of the UAB Comprehensive Cancer Center.
He also holds senior positions in the UAB Center for Aging and the UAB
Gene Therapy Center.

Elizabeth A. Platz, ScD, MPH, is a cancer epidemiologist with the Johns
Hopkins Bloomberg School of Public Health, whose research on prostate
and colon cancers sits at the interface between epidemiology and basic sci-
ence. Within prospective cohorts, she studies the association of genetic and
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epigenetic factors as well as circulating markers of androgenicity, inflam-
mation, and oxidation with prostate cancer incidence and recurrence. For
colorectal neoplasia, her work focuses on the metabolic syndrome, growth
factors, and inflammation as sequelae of adiposity. She also studies the role
of modifiable factors that influence these pathways, such as diet and life-
style, in relation to the incidence of these diseases and other men’s health
concerns. In addition, she studies these factors in association with benign
conditions of the prostate and colon, including benign prostatic hyperplasia
and adenomatous polyps. She has a long-standing interest uncovering expla-
nations for the notably higher rate of prostate cancer in African-American
compared to white men, including racial variation in sex steroid hormones
in the in utero milieu and throughout life. Dr. Platz conducts her multidis-
ciplinary work with an eye toward translation; that is, identifying strategies
to prevent the development or progression of cancer. These goals have led
to her recent research interest in the possible benefits of drugs for other
indications, including statin drugs, as well as their underlying mechanisms
of action in the prevention of the development and recurrence of prostate
cancer. Finally, she dabbles in research that identifies and solves method-
ological issues in study design germane to epidemiologic and translational
studies on prostate cancer detection, incidence, prognosis, and recurrence.

Cheryl Rock, PhD, RD, is a professor in the department of family and
preventive medicine and the Cancer Prevention and Control Program,
University of California, San Diego, School of Medicine. Dr. Rock also
leads the Nutrition Shared Resource of the Moores Cancer Center. She
completed undergraduate training in nutrition and dietetics at Michigan
State University, achieved a master of medical science degree in clinical
nutrition at Emory University, and was awarded her doctoral degree in
nutritional sciences from the University of California, Los Angeles, School
of Public Health.

Dr. Rock’s primary research efforts are focused on the role of nutri-
tional and dietary factors in the development and progression of cancer,
particularly breast cancer, and weight management. Her research efforts
address diet and weight management, and how diet, adiposity, and physi-
cal activity affect risk and progression of cancer and other chronic diseases.
Dr. Rock is presently involved in randomized trials funded by the National
Institutes of Health (NIH) and the American Cancer Society that are test-
ing whether modifications in diet and level of physical activity can alter
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biological processes, hormonal factors, body weight, progression of cancer,
and cardiovascular disease risk factors.

She has served on numerous NIH and U.S. Department of Agriculture
review panels and committees, and she currently serves on editorial boards
for several peer-reviewed journals. Dr. Rock is the author of more than 200
scientific papers and book chapters.

Thomas A. Wadden, PhD, is professor of psychology in psychiatry at the
Perelman School of Medicine at the University of Pennsylvania, where is
also is director of the Center for Weight and Eating Disorders. He received
his AB in 1975 from Brown University and his doctorate in clinical psychol-
ogy in 1981 from the University of North Carolina at Chapel Hill.

Dr. Wadden’s principal research is on the treatment of obesity by
methods that have included lifestyle modification, physical activity, very-
low-calorie diets, medication, and surgery. He also has investigated the
metabolic and behavioral consequences of obesity and weight loss. He has
published more than 300 scientific papers and book chapters, and co-edited
6 books, the most recent of which is Obesity and Its Associated Eating Disor-
ders: A Guide for Mental Health Practitioners (with Terrence Wilson, Albert
Stunkard, and Robert Berkowitz). His research has been supported for more
than 28 years by grants from the National Institutes of Health (NIH).

Dr. Wadden is an associate editor of Obesizy, published by The Obe-
sity Society, of which he is a past president. He has served on several NIH
panels, including study sections, the Task Force on the Prevention and
Treatment of Obesity, and the Obesity Clinical Guidelines Committee. He
currently is chairperson of the Lifestyle Intervention subcommittee of the
Look AHEAD study, which is examining the health consequences of inten-
tional weight loss in obese individuals with type 2 diabetes. His research has
been recognized by several awards and prizes, including the George Bray
Founders Award from The Obesity Society.

Bruce M. Wolfe, MD, is a graduate of Stanford University and the St.
Louis University School of Medicine. His surgical training was completed
at St. Louis University. He did additional research training at Harvard
Medical School. Relocating to Oregon Health & Science University from
the University of California, Davis, he is part of their successful bariatric
surgery team and performs procedures such as gastric bypass. Dr. Wolfe
has devoted his surgical career to surgical nutrition and specifically obesity,
including the surgical care of obese patients and related research. He has
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made many contributions to the advancement of the surgical treatment of
obesity, including a demonstration of the many benefits of laparoscopic
surgery. He presently serves as the co-chair of the National Institutes of
Health research consortium on bariatric surgery, known as LABS, and just
concluded his term as president of the American Society for Metabolic and
Bariatric Surgery. He has participated in approximately 1,000 bariatric
surgical procedures in his career.

Jo Anne Zujewski, MD, is the head of breast cancer therapeutics in the
Clinical Investigation Branch of the Cancer Therapy Evaluation Program
(CTEP) of the National Cancer Institute (NCI). In this role, she is the sci-
entific liaison and disease expert for breast cancer clinical trials sponsored
by the CTEP program of the NCI.

Dr. Zujewski’s research activities include the clinical development of
targeted agents for the treatment of breast cancer. She was the founding
chairperson of the Breast Cancer Faculty steering committee at NCI and a
member of the planning committee for the National Institutes of Health
Consensus conference for the adjuvant treatment of breast cancer, Preop-
erative Therapy in Invasive Breast Cancer scheduled, and the state of the
science meeting for Ductal Carcinoma in situ. She has an interest in global
breast health and has served as an expert medical consultant to several
international initiatives in breast cancer. She is the author of numerous
publications in breast cancer treatment and prevention.

A native of Chicago, Illinois, she received her bachelor of science
in medical technology from Marquette University and her masters of
administrative science from Johns Hopkins Evening College. Dr. Zujewski
earned her MD at the University of Minnesota. She completed her internal
medicine residency at University of Washington and her medical oncology
fellowship at the University of Washington and Fred Hutchinson Cancer
Research Center. Dr. Zujewski joined the staff at the National Cancer
Institute in 1993. She spent her first 10 years at NCI in the intramural
research program evaluating targeted therapeutics for the prevention and
treatment of breast cancer. In November 2004, Dr. Zujewski was named
to her current position.
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