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Abstract
Fifty years ago, the causes of cancer were largely unknown. Since then, it has become clear that a
strong relationship exists between obesity and many cancers, particularly postmenopausal breast
cancer. A major challenge in understanding the link between obesity and cancer risk has been
elucidating the biological basis underlying the association. Although this remains unresolved, the
main candidate systems linking adiposity and cancer risk are (1) insulin and the insulin-like
growth factor-I (IGF-I) axis, (2) endogenous reproductive hormones, and (3) chronic
inflammation. The purpose of this paper is to provide a mechanistic overview of the hypothesized
relationship between diet, physical activity, and obesity with breast cancer risk and progression. In
addition, we will provide examples of recently funded randomized clinical trials examining
metabolic risk factors in relation to breast cancer risk and survival. Additional research is
warranted to validate the strength and consistency of the relationships among diet, these
biomarkers, and breast cancer risk. As these relationships become clearer, future studies will be
needed to develop effective intervention programs to prevent breast cancer and improve cancer
prognosis by promoting a healthy lifestyle.
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Introduction
Fifty years ago, the causes of cancer were largely unknown. In 1963, Chester Southam wrote
a review for Cancer Research indicating that the most widely recognized causes of human
cancer were ionizing irradiation and carcinogenic chemicals.1 He also noted that hormones
were associated with growth of prostate, breast and uterine cancer; that genetic factors
influenced cancer genesis (“although most examples of ‘cancer families’ are readily
explained as pure chance”), and that there was no proof of a viral etiology of any human
cancer.

In 2002, the International Agency for Cancer Research concluded that there is “now
sufficient evidence that excess body weight is an avoidable cause of cancer including
colorectal in men, endometrial, post-menopausal breast, kidney, pancreatic, esophageal, and
aggressive prostate cancers.”2 In 2003, a prospective study of more than 900,000 adults in
the US estimated that 14 percent of all cancer deaths in men and 20 percent in women could
be blamed on excess weight.3 As obesity became epidemic,4 a new scientific focus emerged
directed to the study of diet, physical activity, obesity and disease risk; referred to as
energetics.

As late as 1983, Moore et al. concluded that ionizing radiation, oophorectomy,
hysterectomy, and hormone therapy were the principal iatrogenic factors that influence the
incidence of breast cancer.5 It has since become clear that a strong relationship exists
between obesity and postmenopausal breast cancer. Data from a prospectively studied
population of 495,477 women revealed that a 2-fold increase in risk for death from breast
cancer was significantly associated with a BMI >40 kg/m2.3 A recent review found that in
women who have been diagnosed with either pre- or postmenopausal breast cancer, excess
adiposity was associated with a 30% increased risk of mortality.6 Although the
observational data for physical activity were not as consistent (or abundant), higher levels of
activity appear to be associated with a 30% decreased risk of mortality. In a study of 1436
women diagnosed with breast cancer in 1996–1997, women who gained more than 10%
weight after diagnosis had a worse survival (hazard ratio 2.7, 95% CI 1.4–5.0) compared to
women who maintained their pre-diagnosis weight.7 The authors are not aware of any data
on weight loss and breast cancer prognosis. Given that 70% of postmenopausal US women
are overweight or obese,4 elucidation of the role of diet, physical activity, and excess
adiposity in breast cancer risk and progression is a public health priority.

The objective of this paper is to provide a mechanistic overview of the hypothesized
relationship of obesity with breast cancer risk and progression. In addition, examples of
recently funded clinical trials examining metabolic risk factors in relation to breast cancer
risk and survival will be provided. These trials are part of the National Cancer Institute’s
(NCI) Transdisciplinary Research in Energetics and Cancer (TREC) Initiative and illustrate
novel approaches to studying energetics and cancer risk.

Overweight/Obesity and Breast Cancer: Proposed Mechanisms
A major challenge in understanding the link between obesity and cancer risk has been
elucidating the biological basis underlying the association. Although this remains
unresolved, the main candidate systems linking adiposity and cancer risk are (1) insulin and
the insulin-like growth factor-I (IGF-I) axis, (2) endogenous reproductive hormones, and (3)
chronic inflammation. Below biological data supporting these hypotheses is outlined.
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Insulin and the IGF-1 axis
Obesity and inactivity frequently lead to insulin resistance, which has been proposed as a
central mechanism linking obesity and diabetes with increased breast cancer risk. Insulin has
a variety of actions related to tumor development, including activation of the insulin
receptor, which stimulates cell growth and cell division.8 Elevated glucose may also
increase cancer risk. Neoplastic cells use glucose for proliferation and therefore higher
circulating concentrations of glucose may favor selection of malignant cell clones.9

Hyperinsulinemia also impacts the insulin-like growth factors (IGFs). These multifunctional
peptides regulate cell proliferation, differentiation, and apoptosis – cellular activities
important in tumorigenesis.10 The insulin-cancer hypothesis postulates that prolonged
hyperinsulinemia reduces the production of IGF binding protein-1 (IGFBP-1) and IGFBP-2.
These binding proteins normally bind to and inhibit the action of IGF-1, with resultant
increases in the levels of free IGF-1 and concomitant changes in the cellular environment
that favor tumor development.11 In addition, IGFBP-3 is thought to be antiproliferative and
proapoptotic through actions independent of the IGF-1 receptor.10

In support of the insulin-cancer hypothesis, it is notable that silencing of insulin signaling
has been proposed as a novel strategy for cancer therapy.12 In particular, metformin, a drug
used to treat type 2 diabetes mellitus, is being studied as an anticancer agent.13–17 Using the
UK-based General Practice Research Database, long-term use of metformin (>5 years) was
associated with an adjusted odds ratio of 0.44 (95% CI 0.24–0.82) for developing breast
cancer compared with no use of metformin.18 A clinical effect of metformin on breast
cancer prognosis is mechanistically plausible, either indirectly via reduced insulin levels or
directly via mammalian target of rapamycin (mTOR) inhibition.19 Metformin has also been
shown to reduce proliferation of most cultured breast cancer cell lines.20

Endogenous reproductive hormones
Sex steroid hormones mediate tumor promotion in breast cancer and have been a target for
therapeutic intervention since George Beatson’s discovery of hormone-dependent breast
cancer in the late 1800’s.21 There is abundant evidence that reproductive hormones play a
primary role in the etiology and progression of breast cancer.22 For example, several
variables that alter hormone status (e.g., early age at menarche, late age at menopause) are
associated with an increased risk of breast cancer.23 Further, hormonal therapies such as
selective estrogen receptor modulators (e.g., tamoxifen) reduce breast cancer incidence and
recurrence.24–25

Overall, women with hormones in the top 20% of circulating levels of estrogen and
androgens have a 2- to 3-fold higher risk of breast cancer compared to the bottom 20%.22

Obesity influences the synthesis and bioavailability of estrogen, androgen, and progestins.
There are at least three mechanisms implicating these sex steroids in the development of
cancer.11 First, adipose tissue expresses several sex-steroid metabolizing enzymes, including
aromatase, that promote the formation of estrogens from androgenic precursors. Second,
increased concentrations of insulin, which frequently occurs in obesity, result in reduced
hepatic synthesis and blood concentrations of sex-hormone-binding globulin (SHBG). This
leads to an increase in the fraction of bioavailable estrogen. Finally, higher insulin
concentrations increase androgen synthesis in the ovaries and, to some extent, the adrenal
glands.

Estrogens contribute to tumor growth by promoting the proliferation of cells with an existing
mutation or increasing the opportunity for mutation.22,26 Androgens may increase breast
cancer risk directly, by increasing cellular growth and proliferation, or indirectly via
conversion to estrogen. However, less is known about how sex hormones interact with other
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risk factors to modulate breast cancer risk, although there is evidence linking estrogen with
insulin resistance.27–29

Chronic Inflammation
Cancer and inflammation were first linked in the 19th century when tumors were observed to
arise at sites of chronic inflammation and it was discovered that inflammatory cells were
present in biopsied samples from tumors.30 Although this hypothesis fell out of favor for
more than a century, there has been a recent resurgence in interest based on new lines of
evidence. Inflammatory cells and inflammatory mediators (e.g., chemokines, cytokines,
adipokines, prostaglandins) are present in the microenvironment of most, if not all,
tumors.31

Adipose tissue is now recognized as having an endocrine function, secreting several
hormones, notably leptin and adiponectin, and a diverse range of other protein signals and
factors involved in lipid metabolism, insulin sensitivity, and the regulation of energy
balance.32 In addition, there is a growing list of adipokines involved in inflammation (e.g.,
TNF-α, IL-1β, IL-6, IL-8, IL-10) and the acute-phase response (plasminogen activator
inhibitor-1, haptoglobin, serum amyloid A). Production of these proteins by adipose tissue is
increased in obesity, and raised circulating levels of several acute-phase proteins and
inflammatory cytokines has led to the view that obesity is characterized by a state of chronic
low-grade inflammation, which links causally to insulin resistance33 and cancers.34

Although a firm relationship between breast cancer and inflammation has not been
established, indicators of inflammation are present in breast tumors. In addition, a number of
epidemiologic studies have reported increased breast cancer risk or worse prognosis among
women with signs of chronic inflammation or higher circulating levels of adipokines.35–40

Summary of Breast Cancer Mechanisms
The mechanistic summaries provided above are brief and therefore relatively cursory in
nature – and interested readers may refer to numerous in-depth reviews of these
topics.10, 31–32, 34–35, 37–38, 41–47 Although insulin resistance, sex hormones, and
inflammation are frequently examined as independent risk factors; considerable evidence
indicates that these three systems form an interrelated and interdependent network. As
shown in Figure 1, insulin resistance is posited to have a central role in cancer risk because
of the downstream effects on a host of obesity- and breast cancer-related biomarkers.

Table 1 provides a mechanistic overview of major circulating biomarkers in the three
systems summarized above.11, 31–32, 37, 43, 45, 47–49 A panel of 6 University of California,
San Diego (UCSD) faculty with expertise in nutrition, breast cancer, and epidemiology
reviewed the published studies and reviews to qualitatively assess the strength of the
evidence linking circulating biomarkers and breast cancer risk, as shown in Table 1. To date,
published data most strongly support fasting insulin, bioavailable estradiol, and C-reactive
protein as biomarkers of breast cancer risk. Individually, these biomarkers are associated
with an approximate two-fold increased risk of incident or recurrent breast cancer.39, 50–52

Fewer data are available on the association of other biomarkers with breast cancer. New
research untangling the nuances of the mechanisms linking obesity and cancer is needed to
more definitely relate these biomarkers with cancer risk.

Impact of Diet on Metabolic Markers Putatively Associated with Breast Cancer Risk
As indicated above, the presence of excess adiposity can result in insulin resistance, chronic
inflammation, and higher levels of circulating estradiol; all of which may increase breast
cancer risk. Therefore it is generally assumed that any diet resulting in loss of adipose tissue
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will normalize these risk factors. The Diabetes Prevention Trial found that a weight-loss
dietary counseling intervention lead to significant improvements in insulin resistance.53

Weight loss is also associated with a reduction in inflammatory factors.54 For example, a
randomized clinical trial of weight loss and chronic inflammation among obese adults found
that an average diet-induced weight loss of 5.7% resulted in significant reductions in
concentrations of IL-6 and TNF-α.55 Finally, In a 12-month, randomized weight loss
controlled trial, overweight participants (n=439) were assigned to either reduced calorie,
exercise, reduced calorie plus exercise, or usual care.56 Compared with controls, estradiol
decreased 16.2% (P < .001) with diet, 4.9% (P = .10) with exercise, and 20.3% (P < .001)
with diet plus exercise. Similar results were seen for estrone and testosterone. Taken
together, published research supports the role of weight loss for risk reduction through
lowering exposure to breast cancer biomarkers.

Metabolism-Cancer Hypothesis: Research Frontiers
Recognition of the complex, multidimensional relationship between excess adiposity and
cancer risk has motivated the scientific community to seek new research models and
paradigms. In response, NCI developed a concept to establish a centers grant mechanism in
nutrition, energetics, and physical activity; referred to as TREC (http://grants.nih.gov/grants/
guide/rfa-files/RFA-CA-10-006.html). The primary mission of the TREC Centers is to foster
collaboration among transdisciplinary teams of scientists with the goal of accelerating
progress towards reducing cancer incidence and morbidity and mortality associated with
obesity, low levels of physical activity, and poor diet.

In 2011, UCSD was awarded a TREC Center focused on breast cancer. The objective of this
Center is to enhance knowledge regarding insulin resistance and inflammation underlying
the association of energetics with breast cancer carcinogenesis, from the cell to the
community. Below an overview is provided of the human trials being conducted by the
UCSD TREC Center, which illustrate innovative research designs capitalizing on the
science of energetics and cancer risk. The UCSD Institutional Review Board approved the
study protocols summarized below and all participants provide written informed consent. A
fourth UCSD project using mouse models to explore the role of inflammation and insulin
resistance in breast cancer is not summarized here.

Diet Composition and Genetics: Effects on Weight, Inflammation and
Biomarkers

Optimal macronutrient distribution of weight loss diets has not been established. However,
emerging evidence suggests that the optimal dietary composition for weight loss differs
across individuals based on metabolic status.57 Specifically, differential effects of the
dietary pattern on cancer-related mechanistic factors may occur in insulin-sensitive vs.
insulin-resistant obese women. Effects of diet composition in weight loss interventions on
hormonal and other factors linking obesity to breast cancer risk or progression have not been
compared or examined. Further, polymorphisms in genes that determine cytokine production
and inflammation, a key factor in the pathophysiology of insulin resistance, may modify the
response to weight loss and diet modification.

This study in obese women is designed to examine the effect of three dietary approaches in a
weight loss intervention. The three diets under investigation are (i) a higher carbohydrate
(65% energy), lower fat (20% energy) diet; (ii) a lower carbohydrate (45% energy), higher
monounsaturated fat (35% energy) diet; and (iii) a walnut-rich, lower carbohydrate (45%),
higher fat (35% of energy) diet. The specific aims of this study are:
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1. To examine whether there is a differential weight loss response to the three diets
depending on insulin resistance status.

2. To examine whether hormonal and inflammatory response to the diets differs by
insulin resistance status. Markers to be examined link obesity to breast cancer
mortality: insulin, SHBG, estrogens, C-reactive protein (CRP), interleukin-6 (IL-6),
tumor necrosis factor α (TNF-α), and as a marker for gene expression, IL-6 and
TNF-α gene methylation (DNA methylation is one of several mechanisms that
cells use to control gene expression).

3. To identify whether the differential response of IL-6 and TNF- α to weight loss and
diet composition are associated with polymorphisms (i.e., common genetic
variations) in IL-6 and TNF-α genes.

These aims will be addressed in a randomized controlled study involving 234 obese women.
Participants will be randomized to one of the three diets, stratified by menopausal status and
insulin resistance as assessed using the homeostasis model assessment of insulin
resistance.58 As summarized in Table 2, the intervention is a multifaceted cognitive-
behavioral weight loss program that consists of closed group sessions and individualized
diet counseling over a 12-month period. All intervention participants will also be counseled
to increase their physical activity to 60 minutes per day of moderate-intensity exercise.
Intervention adherence will be assessed by measured weight loss, 24-hour dietary recalls,
and objective measures of physical activity energy expenditure (see below for more details).

It is hypothesized that compared to obese women who are not insulin resistant, those who
are insulin resistant will demonstrate more favorable responses to the lower carbohydrate,
higher fat diets compared to the higher carbohydrate, lower fat diet. A walnut-rich diet is
likely to promote a similar response in cancer risk factors as a higher-fat diet in which
monounsaturated fatty acids are the predominant source of fat. Results of this study will help
to refine and individualize dietary guidance for optimal weight control and breast cancer
prevention.

Obesity-Related Mechanisms and Mortality in Breast Cancer Survivors
The objective of this study is to investigate the degree to which metformin, a lifestyle
intervention, or both, can reduce breast cancer mortality among overweight or obese,
postmenopausal breast cancer survivors. The specific aims of the investigation are:

1. To use data from a large, well-characterized cohort to develop a Biomarker Risk
Score that independently predicts breast cancer mortality based on the joint impact
of circulating biomarkers related to the insulin-IGF axis, endogenous sex
hormones, and inflammation.

2. To investigate the effects of metformin, lifestyle, and a combination metformin/
lifestyle intervention on this Biomarker Risk Score.

3. To predict (by means of the Biomarker Risk Score) the effects of metformin,
lifestyle, and a combination metformin/lifestyle intervention on breast cancer
mortality.

These aims will be addressed in a 6-month, 2×2 randomized controlled trial with 340
overweight or obese, postmenopausal breast cancer survivors. Participants will be
randomized in equal numbers to (i) placebo, (ii) metformin, (iii) weight loss intervention and
placebo, or (iv) weight loss intervention and metformin. As summarized in Table 2, the
intervention is a telephone-based counseling protocol that follows a stepwise, phased
approach using strategies outlined by social cognitive theory59 that focus on (a) establishing
a series of short-term goals and (b) reviewing performance on these goals in a way that
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builds self-efficacy.59–60 All intervention participants will also be counseled to increase
their physical activity to 300 minutes per week moderate to vigorous physical activity.
Intervention adherence will be assessed by measured weight loss and objective measures of
physical activity energy expenditure (see below for more details). This trial will evaluate the
degree to which each intervention changes a Biomarker Risk Score that will be developed to
predict breast cancer mortality.

To develop the Biomarker Risk Score, biomarkers will be assayed in archived blood
samples from overweight/obese, postmenopausal cancer survivors (125 cases [breast cancer
death]:250 matched controls) who participated in the Women’s Healthy Eating and Living
(WHEL) Study, which offers long-term follow-up for mortality.61 For each case, two obese/
overweight postmenopausal controls who were alive and cancer-free at the time of death of
the corresponding case62–63 will be matched on (i) time since diagnosis of original breast
cancer, (ii) time of follow up after enrollment in the WHEL Study, (iii) age at diagnosis, (iv)
the stage of breast cancer at initial diagnosis, and (v) clinical site.

The goal of the analysis is to identify a set of markers that are most predictive of breast
cancer mortality. To this end, a conditional logistic regression model will be developed to
examine the joint role of these markers on breast cancer prognosis. The biomarker risk score
will be a weighted linear combination of the biomarkers in the model with corresponding
log-odds ratios defining the weights. To avoid over-fitting and to get an unbiased estimate of
the predictive power of the biomarkers,64 samples will be randomly separated into a training
set containing 85 case-control samples and a validation set containing 40 case-control
samples. The prediction models will be developed using the training set and tested for
predictive accuracy using the validation set. Predictive accuracy will be gauged using area
under the ROC curve.65 Further, within the training set, cross-validation techniques will be
applied to reduce prediction error.66–67 Changes in this Risk Score should reflect
intervention-related changes in these markers in an individual and therefore can be used to
assess the clinical impact of the metformin and weight loss trial.

It is hypothesized that among overweight or obese postmenopausal breast cancer survivors,
metformin and lifestyle interventions will reduce breast cancer mortality (as assessed by
changes in the Biomarker Risk Score). These complementary investigations have the
potential to provide robust, mechanistic data in support of clinical trials to reduce breast
cancer mortality.

Advancing Assessment of Physical Activity Energy Expenditure in Women
with Increased Cancer Risk

The TREC weight loss trials described above provide a unique opportunity to examine the
impacts of objectively assessed physical activity on fasting insulin concentrations and
insulin resistance. Accelerometers provide good quality objective estimates of physical
activity when activities involve the whole body. However, the accuracy of these estimates
declines substantially when movements are of light intensity or mainly involve peripheral
limbs, such as cycling.68 Global Positioning System (GPS) and heart rate data may improve
assessment of physical activity by incorporating data on speed of travel, location of activity,
and heart rate.

The objective of this study is to improve the assessment of physical activity energy
expenditure (PAEE) by applying novel computational techniques to accelerometer, heart
rate monitor, and GPS device data. The specific aims are:

1. To compare traditional assessments of physical activity intensity measured by
accelerometer counts alone with estimates of PAEE from multiple devices using
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Machine Learning techniques to identify types of physical activity and sedentary
behavior contributing to PAEE.

2. To assess the relationship between PAEE (from traditional and novel estimation
techniques) and insulin resistance over time, with and without adjustments for
weight loss.

3. To investigate whether different patterns of PAEE accumulation are related to
insulin resistance, independent of total PAEE.

For seven days at baseline and follow-up, obese women enrolled in the weight loss trials
described above will wear accelerometers, GPS devices, and heart rate monitors1. Machine
Learning algorithms will be applied to the data collected by these devices. Machine
Learning is a process whereby computer algorithms are developed and validated in
comparison to a training data set (i.e., a gold standard). The Machine learns how to
recognize features from the data signals and how to classify them into behaviors (e.g.,
walking versus stationary cycling). The training data set will be developed in a separate
study where obese women will wear physical activity assessment devices and a SenseCam
(Microsoft, Redmond, Washington): a small device worn like a necklace that passively
collects ~3000 images per day. These images will be coded to create the annotated truth file
for comparison to the data collected via accelerometers, GPS, and heart rate monitors.
Improving assessment of PAEE and understanding the pathway to cancer risk is vital to
improving cancer prevention interventions.

Conclusions
The role of diet and physical activity in cancer prevention is considerably more complex
then the classical energy-balance model. For example, recent research indicates that regular
activity is associated with reduced risk of breast cancer or cancer-related mortality via
interrelated biologic pathways that involve adiposity, sex hormones, insulin resistance,
adipokines, chronic inflammation and immune function.69–71 Although the data are
preliminary, research also suggests that certain foods and dietary patterns may generate an
anti-inflammatory milieu, which may be an important mechanism linking poor quality diets
to metabolic disease and cancer risk. It is generally believed that such an anti-inflammatory
diet would be a low glycemic-load diet, relatively low in omega-6 fatty acids, and rich in
omega-3 fatty acids.72–74 Ongoing research is focusing on numerous other foods, herbs,
spices, and compounds that may have anti-inflammatory properties such as curcuma, ginger,
and flavenoids.72, 75–76 Well-designed randomized trials are needed to better understand
how and to what extent obesity, diet, and physical activity may affect cancer risk via
modification of insulin resistance, sex hormone concentrations, and chronic inflammation.

Historically, the role of the dietetics professional in cancer has focused on providing
nutrition support. For example, dietitians helped patients cope with anorexia, appetite
changes, localized tumor effects, or treatment effects such as nausea.77 Nutrition guidelines
for cancer survivors tended to reflect general health advice, such as to eat a variety of
healthful foods with an emphasis on plant sources, adopt a physically active lifestyle,
maintain a healthy weight, and limit consumption of alcoholic beverages.78 However, the
paradigm shift relating metabolic risk factors with cancer has the potential to lead to new
opportunities for dietitians in the realm of cancer prevention and survivorship. Additional
research is warranted to validate the strength and consistency of the relationships among
diet, these biomarkers, and breast cancer risk. As these relationships become clearer, future

1To minimize participant burden, women in the breast cancer survivor study will wear only accelerometers and GPS devices.
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studies will be needed to develop effective intervention programs to prevent breast cancer
and improve cancer prognosis by promoting a healthy lifestyle.
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Figure 1.
A Proposed Mechanistic Model in Which the Shaded Boxes Represent Pathways
Hypothesized to Link Excess Adiposity (defined as BMI ≥ 25 kg/m2), Insulin Resistance,
and Other Metabolic Factors with Cancer Risk (either Incidence or Recurrence).
Abbreviations: NF-κB=nuclear factor κB; IKKβ=IκB kinase β; PPARs= peroxisome
proliferator-activated receptors; FFA=free fatty acids; TNF-α=tumor necrosis factor-alpha;
GH=growth hormone; IGF=insulin-like growth factor; IGFBP=insulin-like growth factor
binding protein; GHBP=growth hormone binding protein. Keys: ↑, increase in circulating
concentrations; ↓ decrease in circulating concentrations.
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Table 1

Circulating Biomarkers Proposed as Linking Adiposity with Breast Cancer Risk10–11, 31–32, 34–35, 37–38, 41–49

Biomarker Evidence Hypothesized Role in Cancer Risk

Insulin –Glucose and the IGF Systm

Insulin +++ Obesity-related hyperinsulinemia is growth-promoting and antiapoptotic,
inhibits hepatic secretion of SHBG and IGFBP-1, exerts mitogenic
effects in breast cancer cells that may synergize with estrogen, and is
associated with decreased adiponectin levels.

Glucose + Growth promoter. May favor selection of malignant cell clones.

IGF1 ++ Mitogenic, antiapoptotic, proangiogenic, regulates cell size, increases
cell migration, potentiates growth factors

IGFBP-1 ++ Prolonged hyperinsulinemia reduces IGFBP-1 levels, leading to
increased IGF1 bioactivity

Endogenous sex hormones

Estradiol +++ Higher levels in postmenopausal women caused by conversion of
androgenic precursors through increased aromatase enzyme activity in
adipose tissue. Mitogenic in normal and neoplastic mammary tissues.
May be associated with increased CRP levels.

Testosterone ++ May directly stimulate breast cell proliferation or serve as estrogen
precursor.

SHBG ++ Regulates the bioavailability of estradiol and testosterone. May have
hormone independent effects on breast tissue.

CRP ++ Marker of chronic inflammation at the vascular level associated with
cancer risk. High levels of estradiol may correlate with CRP
concentrations.

TNF-α + Proinflammatory cytokine. The release of this protein from adipose
tissue gives rise to insulin resistance.

IL-6 + Proinflammatory cytokine. Highly correlated with adiposity and insulin
resistance. Stimulates the growth and differentiation of malignant cells.
Governs CRP production.

SAA + A proinflammatory and lipolytic adipokine recently associated with poor
breast cancer outcomes.

Resistin + May induce insulin resistance or impair hepatic sensitivity to insulin.

Adiponectin + Insulin-sensitizing, anti-diabetic, anti-inflammatory, proapoptotic and
antiangiogenic. Lower levels linked to increased risk of breast cancer or
more aggressive phenotype.

Leptin + Mediator of energy balance and immune processes. Elevated levels are
observed in obese individuals, induce the growth of breast cancer cells,
and can mediate angiogenesis. Associated with SHBG and insulin levels.

Epidemiologic evidence for the association of the biomarker with cancer risk:

+++
Supported by reviews, meta-analyses and/or clinical trials;

++
Association observed in numerous (3+) observational studies;

+
Association observed in small number of observational studies.

Abbreviations: IGF1=insulin-like growth factor-1; IGFBP1=IGF binding protein-1; SHBG=sex hormone binding protein; CRP=C-reactive protein;
TNF-α=tumor necrosis factor-alpha; IL-6=interleukin 6; SAA=serum amyloid A.
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Table 2

Overview of Weight Loss Interventions in Two Clinical Trials on Obesity and Breast Cancer Conducted as
part of the Transdisciplinary Research in Energetics and Cancer (TREC) Center at the University of
California, San Diego (2011–2016)

Key elements of the
interventions

Diet Composition and Genetics: Effects on
Weight, Inflammation and Biomarkers (n=234)

Obesity-Related Mechanisms and Mortality in
Breast Cancer Survivors (n=340)

Participants Non-diabetic obese women aged 21 and older with a
BMI ≥30 k/m2 and ≤40 kg/m2.

Survivors of postmenopausal breast cancer with a
BMI of ≥25 kg/m2.

Major theoretical foundations The behavioral determinants model, which is based
on social cognitive theory. This model posits there
are personal, social, and physical environmental
antecedents and consequences of behavior.

A stepwise, phased approach using strategies
outlined by social cognitive theory that focus on (a)
establishing a series of short-term goals and (b)
reviewing performance on these goals in a way that
builds self-efficacy.

Intervention goal To lose ≥ 7% body weight To lose ≥ 10% body weight

Intervention length 12 months 6 months

Intervention mode Closed-groups of 12–15 women Telephone counseling calls

Number of contacts 26 group meetings plus 16–24 counseling calls or
email contacts

12 counseling calls plus 6 newsletters

Primary intervention goal To promote a reduction in energy intake relative to
expenditure, aiming for a deficit of 500–1000 kcal/
day

To promote a caloric deficit of 500–1000 calories
through a reduction in energy intake and an increase
in energy expenditure.

Dietary intervention goals Women randomized to: (i) a higher carbohydrate
(65% energy), lower fat (20% energy) diet; (ii) a
lower carbohydrate (45% energy), higher
monounsaturated fat (35% energy) diet; or (iii) a
walnut-rich, lower carbohydrate (45%), higher fat
(35% of energy) diet.

Healthful changes such as consuming 5–9 servings/
day vegetables and fruit, replacing refined grains
with whole grains, choosing fish and legumes as a
protein source, and replacing saturated fatty acids
with monounsaturated fatty acids.

Physical activity goal 60 minutes per day of planned exercise at a
moderate level of intensity

300 minutes per week of moderate-to-vigorous
intensity exercise

Sample topics • Stimulus control & diet, using cognitive
restructuring to overcome exercise
barriers

• Self nurturing, goal setting, meal
planning

• Goal setting, meal planning (portion
control)

• Moving more (>10,000 steps)

• Increasing fiber-rich foods

• Dining out

Measures of intervention
adherence

Measured weight loss, 24-hour dietary recalls, and
objective measures of physical activity energy
expenditure (accelerometers, GPS, and heart rate
monitor)

Measured weight loss and objective measures of
physical activity energy expenditure
(accelerometers and GPS)
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