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Introduction
The number of cancer survivors is steadily on the rise. The American Cancer Society (ACS)
recently reported that the 5-year relative survival rate for all cancers combined is 66% (1). The
National Cancer Institute estimates that there are approximately 11 million cancer survivors,
defined as individuals with a cancer diagnosis regardless of the course of the illness, until the
end of their life (2). These numbers are projected to double by 2050 (3). Cancer is currently
the leading cause of death among individuals under the age of 85 years (4,5). Overall, it is the
second leading cause of death responsible for 1 in 4 deaths in the United States (U.S.) (4). In
fact, cancer is expected to be the top cause of death in the U.S. by 2010 surpassing
cardiovascular disease (6).

The prevalence of obesity has increased in parallel to cancer, reaching epidemic proportions
in the country, with about 70% of the population being obese or overweight (7). Scientific
evidence suggests that obesity is predictive of poor cancer prognosis among cancer survivors.
Adipocytes, once thought of as passive depots of excess fat, are now collectively recognized
as an active endocrine organ that secretes adipokines. Adipokines are a group of proteins with
signaling properties and include leptin, pro-inflammatory proteins and adiponectin, each of
which is hypothesized to play a role in cancer biology (8).
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Insulin resistance, characterized by hyperinsulinemia, and frequently accompanied by
impaired glucose tolerance, is also associated with obesity (9). Insulin resistance is estimated
to be prevalent among approximately 1 in 3 American adults (9). Insulin has been implicated
in cancer progression by virtue of its proliferative and pro-inflammatory properties (8).
Epidemiologic evidence collectively suggests that obesity and insulin resistance may be a
‘high-risk’ state for disease progression among cancer survivors (discussed below), implying
that the trajectory of care within this population needs urgent attention. The Institute of
Medicine has identified ‘cancer surveillance and control’ as a top public health priority (10).

Modifiable lifestyle interventions targeting energy balance and insulin resistance are measures
that may be used as important cancer control tools. In the sections below, an overview of the
hypothesized underlying biological mechanisms that link obesity and insulin resistance with
cancer progression are provided, and epidemiologic evidence of studies that have investigated
these associations is presented. Further, potential practice implications are suggested for all
dietetic practitioners, board certified specialists in oncology nutrition (CSOs), and other
healthcare providers to alter dietary, lifestyle and behavioral factors, in an attempt to delay
cancer progression or mortality among the very large at-risk population of cancer survivors.

Putative biological mechanisms
Several adipocyte-derived cytokines have been suggested to act as a link between obesity,
insulin resistance and cancer. The potential biological role of insulin and these adipokines in
cancer progression, and how they might work in concert to promote tumor growth are
summarized (Figure 1):

Insulin, Insulin-like growth factor-1 (IGF-1) and IGF-1 binding protein 3 axis (IGFBP3)
Insulin is an anabolic hormone that may stimulate cell proliferation and cancer progression via
multiple pathways: 1) insulin can increase production of IGF-1 via the growth hormone
mechanism, (8). 2) Insulin increases free IGF-1 levels, making more IGF-1 available to bind
to its receptors on normal and cancer cells. This receptor-bound IGF-1 modulates cell
proliferation and survival. 3) Together insulin and IGF-1 stimulate production of adipocyte-
derived vascular endothelial growth factor (VEGF), a critical angiogenic factor, which
influences endothelial cell survival and migration (11). Furthermore, IGFBP-3, the most
predominant IGF binding protein in serum, regulates the function of IGF-1 through the
inhibition of the IGF-1 receptor. IGFBP-3 is hypothesized to act like a tumor suppressor gene
and inhibits cell growth by sequestering free IGFs as well by inhibiting IGF-independent effects
on cell growth (12).

The interplay of several factors seem to contribute to insulin resistance and may include
sedentary lifestyles, body weight, high caloric diets, saturated fat intake, higher socioeconomic
status, and inflammation, specifically tumor necrosis factor-α(TNF-α) (13,14). Additionally,
higher concentrations of free fatty acids among obese individuals have also been implicated
in decreasing insulin sensitivity (15).

Leptin
Leptin, an adipokine, found among obese individuals at higher concentrations, is the key player
in energy balance and appetite control (16). Leptin induces expression of VEGF, which is
responsible for cancer progression via its potent pro-angiogenic effect (11) and has been shown
to induce cell migration and expression of growth factors in human prostate cancer cells in
vitro (17). Laboratory evidence shows that leptin promotes proliferation and invasiveness of
endometrial and prostate cells (18). Furthermore, it interferes with insulin signaling and is
associated with insulin resistance (19), which has proliferative properties.
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Proinflammatory adipokines
It has been hypothesized that phases of cancer progression are intimately linked to persistent
inflammation and a dysfunctional cytokine network (20). Furthermore, obese individuals have
higher levels of inflammatory markers accompanied by derangements of insulin metabolism
(21). Proinflammatory factors produced by adipocytes include prostaglandin E2, TNF-α,
interleukin-6 (IL-6), IL-8, IL-10, macrophage inflammatory protein-1, and monocyte
chemoattractant protein-1 (22,23). These factors produce a cellular environment, conducive to
survival and growth of cancer cells. Additionally, TNF-α stimulates VEGF production, which
is key to tumor growth, via angiogenesis (8). One epidemiologic study is supportive of the link
between cancer mortality and higher levels of inflammatory markers (24).

Adiponectin
Adiponectin, another major adipokine, which plays a role in the metabolism of fatty acids and
glucose, is a key regulator of inflammatory response and insulin sensitivity. Adiponectin
concentrations are inversely associated with insulin resistance, body weight and inflammatory
response (23). Recent evidence from laboratory studies suggest that adiponectin is an important
inhibitor of proliferation, either through its anti-inflammatory role, influence on insulin
sensitivity, or by acting directly on cancer cells to increase apoptosis (25). Some studies suggest
that adiponectin might have an anti-angiogenic potential (25). Evidence from human studies,
although limited, is consistent with the laboratory evidence. For example, results from several
small case-control studies (n=30 to 236), revealed that lower adiponectin concentrations were
associated with more advanced breast cancer (26) and prostate cancer (27,28).

Epidemiologic evidence of obesity and insulin resistance and cancer
progression, disease recurrence and mortality
Obesity

Evidence suggests that obesity is associated with cancer progression, recurrence of disease and
mortality. Perhaps the best evidence of obesity and cancer mortality comes from a large,
prospective, national study (n=900,000) in an ACS cohort, with a 16 year follow-up, which
reported approximately a 50–60% higher prevalence of mortality from all cancers combined
and multiple site-specific cancers among obese (body mass index (>40) vs. participants within
the normal weight range, after adjusting for demographic, dietary and lifestyle factors (29).
Similarly, in another study of two large ACS cohorts of men (n=81,6268), there was a
approximately a 25% increase in prostate cancer mortality in obese (body mass index >30) vs.
non-obese men, after adjusting for age, race, exercise, smoking status and family history of
prostate cancer (30). Furthermore, a 35-year prospective cohort study among London-based
men (n=18,403), noted an increased risk of dying from cancers of the colon, rectum, liver, and
lymphoma among men with increased body weight, with hazard ratios (HR) ranging from 1.3–
2.9 after adjusting for a range of covariates including socioeconomic status and physical
activity (31). Studies have suggested that excess body fat is a negative prognostic factor for
prostate cancer progression, with patients having faster biochemical failure, positive surgical
margins and mortality (32–34).

Insulin resistance
Although there are several plausible biologic mechanisms that link insulin resistance to cancer
progression or mortality, there are fewer epidemiologic studies that have investigated these
associations. The existing evidence collectively reports detrimental associations between
insulin resistance and cancer biology. For example there is robust evidence from the Risk
Factors and Life Expectancy Project (1972–1987), a prospective study among adults 20–69
years, pooled from 9 large epidemiologic studies (n=62,285), suggesting ~3-fold increased risk
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(HR:2.99; 95% Confidence Interval (CI):1.27–7.02) of colorectal cancer mortality among
participants with insulin resistance or associated biochemical abnormalities after adjusting for
age, alcohol consumption, and smoking (35). Similarly, findings from the Chicago Heart
Association Detection Project in Industry reported a 50% increased risk of colon cancer
mortality among participants having the insulin resistance syndrome (≥3 of 5 biochemical
abnormalities), after adjusting for race, age, education, sex and height (36). In a prospective
cohort study evaluating the late effects of cancer among 512 women with breast cancer, insulin
resistance was associated with a 2–3 fold increased risk of distant recurrence of disease (HR:
2.0; 95% CI:1.2–3.3) and death from the disease (HR:3.1; 95% CI:1.7–5.7) after adjusting for
tumor and treatment-related variables (37). Similarly, in a 10-year prospective Korean study
(n=12,98,385), after controlling for smoking and alcohol use, individuals with higher versus
lower fasting serum glucose concentrations (proxy for insulin resistance) were ~30% more
likely to die of cancer (all cancers combined) (HR: 1.29; 95% CI: 1.22–1.37), and these
detrimental associations persisted across all body mass index categories, suggesting an
independent role of insulin beyond excess body weight (38).

In summary, the large, well-powered studies collectively suggest that both obesity and
hyperinsulinemia may be ‘high-risk’ conditions for the late effects of cancer. It is noteworthy
that the detrimental direction of the associations were not limited to site-specific cancers, but
observed for most cancers (except lung cancer because of the confounding effects of smoking);
these may possibly be explained by the biochemical reverberations of obesity and insulin
resistance, which create a conducive environment for cancer cells to proliferate and survive,
regardless of cancer type.

However, the existing literature on obesity and insulin resistance does not answer some
important questions about survivorship. Although there is convincing evidence in the literature
that obesity is associated with increased risk of developing cancer and death from it, the impact
of obesity among cancer survivors is not well-studied. The relationships of insulin resistance
and cancer progression or recurrence require additional studies among survivors. Further,
insulin resistance is the hallmark of metabolic syndrome, a constellation of related biochemical
abnormalities, which may act synergistically to influence tumor growth. At this time, the
relationships of the full metabolic syndrome with cancer progression are unclear. Next, the
majority of the studies have used mortality, as a proxy for long-term or late consequences of
cancer.

Overall, the investigation of obesity, insulin resistance and metabolic syndrome, all of which
are current public health concerns in the U.S., warrant further investigation in the context of
surveillance of cancer survivors and cancer prognosis. Addressing these issues may teach
important lessons to health professionals at cancer centers, and motivate them to design and
implement special lifestyle and weight management intervention programs, to prevent late
consequences of cancer among the very large at-risk population of cancer survivors.

Implications for Practice
Identification of “high-risk” cancer survivors

Because high body mass index and insulin resistance are predictive of poor cancer prognosis,
the multidisciplinary healthcare team including oncologists, primary care physicians and the
dietitians or CSOs, should identify obese patients and screen for insulin resistance to stratify
individuals by risk of cancer progression. In addition to the traditional body weight assessment
and laboratory tests, assessment of some obesity-related phenotypic manifestations may also
be done. These includes hyperpigmentation of the skin, specifically on the back of the neck,
(a condition known as acanthosis nigricans) (39), caused primarily due to insulin resistance,
or the presence of the “buffalo hump” (or cervical lipomatosis) and a double-chin, which is
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predictive of the insulin resistance syndrome (40). It seems reasonable to offer patients in the
“high-risk” strata, appropriate counseling referrals to dietitians and fitness experts for dietary,
behavioral and lifestyle changes (specifically weight loss), as an integral part of the therapy.
This could serve as an important secondary cancer control measure. Additionally, promotion
of lifestyle changes maybe the key to improved treatment outcomes and successful therapy
among individuals undergoing cancer treatment (41).

Cancer control though lifestyle modifications: implications for the dietetic practitioner
The dietitian or CSO plays a pivotal role in the care of cancer survivors through the course of
the disease and during routine follow-up care. The Institute of Medicine report outlines three
“seasons” of cancer survivorship: 1) acute survival, which begins with cancer diagnosis, and
consists primarily of cancer therapy, 2) extended survival, which is a post-treatment period
during which a person goes into remission and 3) longer-term survival which is usually
tantamount with cure (10). During these periods of survival, individuals may live cancer-free
for several years, or with intermittent bouts of cancer, have persistent disease, or die rapidly
of late disease. Registered dietitians and CSOs are key players in improving survival and quality
of life, as well as in reducing complications and risks that may arise during these “seasons” of
survival, during and after treatment from co-morbidities associated with being overweight or
obese, through dietary and lifestyle modification. In fact, a recent ACS report identified that
over 50% of cancer deaths could be prevented by modifiable lifestyle factors including diet
and exercise (42). Additionally, evidence from two large studies suggests that modification of
lifestyle behaviors, including low energy diets and increased physical activity to control weight
may be prevent cancer progression and mortality (43,44).

Cancer patients may also have weight management challenges due to disease- or treatment-
related weight gain. During treatment, patients may experience fatigue and depression due to
neutropenia, insomnia, decreased oral intake, side effects of medication, and changes in body
composition, which may lead to decreased physical activity levels, resulting in an involuntary
weight gain (45). Certain chemotherapy regimens, hormone therapy and steroid medications
can also cause changes in body composition and undesirable weight gain (46). After
considering all the clinical aspects and the potential for disease-related weight loss, a
customized plan with an energy deficit of 500–1000 calories per day may be recommended by
a dietitian, with the expectation of a weight loss of 1–2 pounds/week per the American Dietetic
Association guidelines (47). This regime must be followed in conjunction with the physician’s
care plan, provided it does not interfere with treatment or coincide with periods of time during
treatment deemed high risk for any involuntary weight loss. Cancer survivors should be
encouraged to follow the current guidelines on nutrition and physical activity proposed by the
American Institute of Cancer Research (48) and the ACS (45) (Table titled “Current guidelines
on nutrition and physical activity for cancer prevention” on American Dietetic Association
website for more details). Table 1 summarizes some practice points for dietitians.

Prolonged hyperinsulinemia may be caused in part by specific types of carbohydrates and fatty
acids. Quicker absorption of dietary glucose into the bloodstream from the intestines, regardless
of source, results in a stronger stimulus for insulin secretion (49). Typical American diets
characterized by higher intakes of red meat, processed meat, high-fat dairy products, sweets,
refined grains and lower intakes of whole grains and fiber, are associated with hyperinsulinemia
(50). Saturated and trans-fatty acids may increase insulin levels, whereas polyunsaturated fatty
acids, especially omega-3 fatty acids, appear to be protective against hyperinsulinemia (51).
However, it is more likely that the overall dietary pattern would influence insulin levels.

Existing evidence suggests that exercise is safe and feasible for patients during cancer treatment
(45). Physical activity and survival have especially been investigated in breast and colon
cancers and appear to reduce the risk of mortality (52,53). The Nurses’ Health Study consisting
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of women diagnosed with breast cancer between 1984–1998 (n=2,987), noted that physical
activity reduced the risk of recurrence and death from the disease, with the greatest benefit
occurring in women who walked 3–5 hours per week (43).

Additionally, a prospective randomized study among patients with advanced colorectal cancer
(n=832), found that increasing levels of physical activity reduced risk of recurrence and cancer
mortality, in a multivariate analyses including adjustment for disease-free survival and
chemotherapy (52). Findings from a previous laboratory study suggests that healthier diet and
physical activity reduced tumor growth and increased apoptosis by modulating the insulin/
IGF-1 pathway (54). For counseling purposes, decisions on the type, frequency, duration, and
intensity of physical activity should be individualized to the survivor’s age, previous fitness
activities, type of cancer, stage of treatment, type of therapy, and co-morbid conditions.

Although cancer diagnosis is described as a “teachable moment” to empower cancer patients
to make lifestyle changes, a recent study found that only a minority of cancer survivors are
meeting the ACS guidelines for physical activity and consuming the recommended ≥5 servings
of fruits and vegetables daily (55). A major challenge for the dietitian/CSO is to plan the
trajectory of care among cancer survivors with a vision of both the long- and short-term
consequences of cancer diagnosis, while empowering them to adhere to healthier diets and
lifestyles.

Conclusions
The prevalence of obesity and cancer have been increasing in parallel. The number of cancer
survivors has increased in the past three decades, with a projected doubling by 2050 (3).
Furthermore, about a third of the U.S. population has insulin resistance. Biochemical
reverberations of both obesity and insulin resistance, specifically higher concentrations of
leptin, pro-inflammatory factors, and a disturbed insulin-IGF-1 axis, may cooperatively
contribute to tumor growth and cancer progression (8). Although, additional studies are
warranted to investigate this issue specifically in the context of surveillance of cancer survivors
and cancer prognosis, existing epidemiologic evidence support poor prognostic potential of
obesity and hyperinsulinemia with cancer biology, suggesting a need for updated clinical
guidelines.

This has several implications for the dietetic practitioner for behavioral counseling and weight
management among cancer patients through the course of the illness, and beyond treatment,
to routine follow-up care. Clinicians should work closely with dietitians to identify obese
cancer survivors, and screen for insulin resistance during treatment and follow-up visits, to
ascertain individuals who are at potentially higher risk of cancer progression. These cancer
survivors should be offered appropriate counseling referrals, specifically for weight
management, to prevent repercussions of obesity on their existing cancer. The American
Dietetic Association, ACS and American Institute of Cancer Research guidelines on diet and
physical activity should be referred to by dietitians, CSOs and healthcare professionals, to delay
or prevent development of new cancers, disease recurrence or mortality.

In conclusion, increased body weight and prolonged insulin resistance, both associated with
chronic low-grade inflammation, have been implied in poor prognosis among the rapidly
growing population of cancer survivors. It is time to consider management of these modifiable
risk factors, through healthier lifestyles, as an important secondary cancer control tool.
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Figure 1. Weight Loss/Management Screening and Treatment Algorithm for Cancer Survivors
(Adapted from ADA Evidence Analysis Library Weight Management Screening Algorithm)
Figure 1 is a flow chart to serve as a guide to dietitians/CSOs counseling cancer survivors for
weight management. Patient needs for weight loss as well as the appropriate level of
intervention can be assessed using this chart.
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