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Evidence that obesity is associated with cancer incidence and mortality is compelling. By contrast, the role of obesity in cancer
survival is less well understood. There is inconsistent support for the role of obesity in breast cancer survival, and evidence for
other tumor sites is scant. The variability in findings may be due in part to comorbidities associated with obesity itself rather than
with cancer, but it is also possible that obesity creates a physiological setting that meaningfully alters cancer treatment efficacy. In
addition, the effects of obesity at diagnosis may be distinct from the effects of weight change after diagnosis. Obesity and related
comorbid conditions may also increase risk for common adverse treatment effects, including breast cancer-related lymphedema,
fatigue, poor health-related quality of life, and worse functional health. Racial and ethnic groups with worse cancer survival out-
comes are also the groups for whom obesity and related comorbidities are more prevalent, but findings from the few studies that
have addressed these complexities are inconsistent. We outline a broad theoretical framework for future research to clarify the
specifics of the biological-social-environmental feedback loop for the combined and independent contributions of race, comorbid
conditions, and obesity on cancer survival and adverse treatment effects. If upstream issues related to comorbidities, race, and
ethnicity partly explain the purported link between obesity and cancer survival outcomes, these factors should be among those

on which interventions are focused to reduce the burden of cancer.
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The prevalence of overweight (body mass index [BMI] = 25.0-
29.9kg/m?) and obesity (BMI > 30.0kg/m?) in the United States
rose from 13.5% in the 1960s to 35.9% in 2010 (1,2). Of the top 10
causes of death in the United States in 2009, five are related to obe-
sity, including heart disease, stroke, cancer, diabetes mellitus, and
kidney disease (3). Disparities have been noted in cancer survival
and treatment outcomes across ethnic groups and levels of obesity
(4-6). Herein we review evidence regarding the potential impact of
obesity and race on cancer survival and treatment outcomes.

The recently published “Annual Report to the Nation on the
Status of Cancer” (4) commented that differences in cancer out-
comes across racial and ethnic groups might be explained by dif-
ferences in risk behaviors and access to and use of screening and
cancer treatments. The racial and ethnic groups for whom cancer
survival is worse are the same groups in which obesity is more
prevalent, including blacks and Native American/Pacific Islanders
(1,4). It could be hypothesized that the disparities by race and eth-
nicity for cancer survival and treatment outcomes are explained,
in part, by disparities in obesity and related comorbidities. A theo-
retical framework for discussing these complexities is suggested in
Figure 1. Disparities in underlying social and physical determinants
are embodied and expressed through biological responses and
genetic pathways, which may lead to disparities in risk for obesity
and comorbidities. Differential risk in obesity and comorbidities
may then lead to disparities in survivorship outcomes. All of these

1344 Review | JNCI

relationships operate in a feedback loop of biological-environmen-
tal interactions. In this review, we evaluate the evidence needed to
answer questions regarding these complexities and make recom-
mendations for future research.

Obesity, Disease-Free Survival,
and Mortality

Nearly 10 years have passed since the publication of the landmark
study by Calle et al., which reported that compared with men and
women of normal weight, for those who were very obese (BMI >
40.0kg/m?) the relative risk (RR) for death from cancer was 1.52 for
women and 1.62 for men (7). Since then, numerous cohort studies
on this topic have been published, with the majority focusing on
prostate cancer (8-12) and postmenopausal breast cancer (12-14)
and only a few focusing on colorectal cancer (12,15).

Although obesity is an established risk factor for incidence of
several cancers, the impact of obesity on cancer survival is not well
understood. It is unknown whether the greatest risk associated with
obesity occurs before diagnosis (reflecting the role of obesity as a
risk factor for incident disease) or whether weight gain or loss dur-
ing or after treatment has a greater influence on prognosis. Clearly,
each could be relevant. Understanding the difference is important
to developing appropriate interventions to reduce the burden of
cancer.
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Cancer Survival:
Recurrence and Adverse Treatment Effects

Figure 1. Framework for the combined influence of race and obesity
on cancer survivorship. The bottom Venn diagram represents distal
determinants of disparate cancer survival outcomes. Disparities in
these underlying social and physical determinants are embodied and
expressed through biological responses and genetic pathways, which
lead to disparities in risk for obesity and comorbidities. In the top

A recent large systematic review of the current evidence linking
body adiposity to prognosis in prostate, colorectal, and breast cancer
concluded that most of the 33 studies reviewed supported an asso-
ciation between body adiposity and site-specific mortality or cancer
progression (16). However, most studies included were not designed
to evaluate this association, not all studies controlled for other life-
style factors that may influence survival, and causal inference from
observational research can be limited by measurement error, making
it challenging to disentangle the true independent effect of obesity.
A randomized controlled trial would offer the strongest design to
answer remaining questions, but long-term randomized controlled
trials with sufficient sample size to accrue cancer endpoints are chal-
lenging both with regard to logistics and financial feasibility.

Several smaller systematic reviews were also identified that eval-
uated the association of obesity and survival in breast, endometrial,
and ovarian cancer (17-19). These studies also supported an asso-
ciation of obesity with poorer survival with the caveat that further
studies are needed to confirm the findings, given limitations inher-
ent to observational studies, issues of limited statistical power, and
interstudy variation.
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Venn diagram, differential genes, obesity, and comorbidities then lead
more proximally to disparities in survivorship outcomes. All of these
relationships operate in a feedback loop of biological-social-physical
environment interactions, making it difficult to disentangle which of the
underlying or mediating factors are the greatest contributors to dispari-
ties in survivorship.

A recent systematic review and meta-analysis included six
population-based cohorts with data on prediagnosis BMI and
prostate cancer mortality (11). The pooled relative risk for prostate
cancer mortality was 1.15 (95% confidence interval [CI] = 1.06 to
1.25) for each 5 kg/m? increase in BMI. For an additional six studies
with data from prostate cancer patient cohorts, the pooled relative
risk for mortality was 1.20 (95% CI = 0.99 to 1.46) for each 5 kg/m?
increase in BMI (11). Another study on prostate cancer noted that it
is possible that obese patients develop more aggressive tumors (20).
A Baltimore area cohort study of prostate cancer patients observed
that postdiagnosis weight gain was associated with a twofold
increased risk of prostate cancer recurrence, but specific mortality
estimates were not reported (10). Overall, although the findings
to date are suggestive regarding the association of obesity with
prostate cancer survival, additional data are needed, particularly for
subgroups known to have poor outcomes, including black men.

Evidence to support obesity as a risk factor for incident colo-
rectal cancer is fairly strong and consistent (12,15,21), but data
are relatively sparse with regard to prognosis and survival. Of
1096 incident colorectal cancer case subjects in the Iowa Women’s
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Health Study, 293 died from the disease (22). All-cause mortality
was statistically significantly higher by 30% to 40% among colon
cancer case subjects in the highest compared with the lowest cate-
gory for all anthropometric measures of obesity (including weight,
height, BMI, waist-hip ratio, and waist circumference). Colon can-
cer—specific mortality was also elevated among those in the highest
compared with the lowest category for the same anthropometric
measures, although the association was slightly lower in magnitude
(25% to 30% increased risk). However, none of the anthropometry
and colon cancer—specific mortality associations were statistically
significant after multivariable adjustment, including first course of
cancer treatment (22). In a group of 4381 colon cancer patients
participating in adjuvant therapy trials, patients who were obese
at study entry (postdiagnosis) had a higher risk of recurrence and
mortality when compared with patients who were not obese (23).

The majority of published data on obesity and cancer prog-
nosis comes from breast cancer cohorts. The California Teachers
Study (24), the Danish Breast Cancer Cooperative Group (25),
the Multiethnic Cohort Study (26), the Collaborative Women’s
Longevity Study (27), and the Life After Cancer Epidemiology
cohort (28), among others, have all reported a positive association
between pre- or postdiagnosis obesity and breast cancer mortal-
ity. The relative risks for breast cancer mortality in these cohorts
comparing normal weight (BMI < 25.0kg/m?) with obesity (BMI
>30.0 or 35.0kg/m?) have ranged 1.3 to 2.28. Obesity is also asso-
ciated with poorer disease-free survival (DFS) in breast cancer
patients. A systematic review of the literature revealed that when
obese women are diagnosed with breast cancer, they can expect
poorer breast cancer—specific and overall survival than nonobese
women (19).

A recent study examining prediagnosis BMI and survival after
breast cancer found that obese women had an increased risk of
overall death (hazard ratio [HR] = 1.17; 95% CI = 1.04 to 1.32)
and severe obesity was associated with increased risk of non-breast
cancer death (HR = 1.40; 95% CI = 1.02 to 1.92) compared with
normal-weight women (13). Moreover, morbidly obese (240 kg/m?)
women had the greatest risk for all death outcomes (HR = 1.81;
95% CI = 1.42 to 2.32), non-breast cancer death (HR = 3.01,
95% CI = 2.09 to 4.33), and breast cancer death (HR = 1.40; 95%
CI =1.00 to 1.96) compared with normal-weight women (13).

Despite the current inability to definitively draw the inference
that prediagnosis obesity increases risk for poor cancer prognosis,
some provocative data are beginning to emerge from patients who
have had bariatric surgery (29-31). For some time now, it has been
appreciated that obese individuals who undergo bariatric surgery
experience immediate benefits to their metabolic and cardiovas-
cular health (31). Longer term follow-up suggests that bariatric
surgery may also be associated with reduced cancer incidence, per-
haps as a result of the overall improvements in metabolic health.
However, in at least one study, bariatric surgery was associated with
increased hyperproliferation and decreased apoptosis in colorectal
epithelial cells, possibly leading to increased, not decreased, cancer
risk (32).

One of the first of these landmark bariatric surgery studies was
the Swedish Obese Subjects study, which was a nonrandomized
study comparing health outcomes of obese individuals who under-
went bariatric surgery (n = 2010) with health outcomes of those
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who received nonsurgical obesity treatment (n = 2037) (33). At
10 years of follow-up, weight change in the bariatric surgery group
averaged -19.9kg (standard deviation [SD] = 15.6), compared with
+1.3kg (SD = 13.7) in the nonsurgical obesity treatment group.
After a median follow-up time of 10.9 years, the hazard ratio for
cancer incidence was lower in the bariatric surgery group than the
no-surgery group (HR = 0.67; 95% CI = 0.52 to 0.85), with slightly
stronger results for women than men (33). In the same cohort,
there were no statistically significant relationships between weight
change and cancer incidence. In one of the few studies to examine
the association of bariatric surgery with cancer-specific mortality,
Adams et al. conducted a retrospective cohort study by linking data
from patients who had bariatric surgery with the Utah cancer reg-
istry; controls were individuals with BMI > 35 kg/m’ as recorded
in the Utah driver’ license database [30]. Cancer-related mortality
was substantially lower among obese individuals who underwent
bariatric surgery (HR for cancer morality = 0.54; 95% CI = 0.37 to
0.78), with stronger associations among women (62% reduced risk
in cancer-related deaths) (30). Additional observational and mech-
anistic data are needed before definitive inferences can be made
about the association of bariatric surgery with cancer prognosis and
mortality.

Bariatric surgery results reflect rather sudden and usually
sustained weight loss. It is also important to examine weight changes
(either gain or loss) after a cancer diagnosis and how this might
affect development of new primary cancers or overall survival.
Thivat et al. (34) examined weight change during chemotherapy
treatment in relation to survival among 111 breast cancer patients.
Although the sample size was rather small, women who either
gained or lost more than 5% of their weight between diagnosis and
postchemotherapy treatment had a more than twofold increased
risk of death compared with women whose weight remained stable
(34). The After Breast Cancer Pooling Project (ABCPP) recently
reported results from a pooled analysis of 18333 breast cancer
survivors from four US and Chinese cohorts (35). The investigators
examined self-reported prediagnosis weight (1 year before diagnosis)
and self-reported weight (3 cohorts) or measured weight (1 cohort)
on average 2.1 years after diagnosis. After a mean follow-up time
of 8.1 years, a modest U-shaped association of weight change with
risk of death was observed. Women who experienced large weight
loss (210%) had an overall mortality hazard ratio of 1.41 and
3.25 in the United States and China, respectively. There was no
overall or subgroup (ie, smokers, those with comorbid conditions)
association of postdiagnosis weight gain with either breast cancer—
specific or total mortality. These ABCPP results are in contrast
with previous reports that suggest that weight loss after a breast
cancer diagnosis improves prognosis (28,36). Most of these weight
change data come from breast cancer cohort studies; data are
lacking on whether extremes in weight change affect other cancers.
Further, data are needed to differentiate unintentional weight
loss, which may reflect cancer cachexia typical of advanced disease
or sarcopenia/muscle wasting (37) and intentional weight loss
that may be part of a supervised program aimed at overall health
benefits. In addition, it may be useful to examine body composition
instead of weight alone. In one recent study, breast cancer survivors
with sarcopenia had a poorer survival than did women without
sarcopenia (P = 0.002). Interestingly, 13% of the patients with
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sarcopenia were also overweight (BMI = 25.0-29.9kg/m?). Body
composition independent of weight or BMI may play an important
role in survivorship and should be examined in greater detail (37).

Obesity and Treatment Efficacy

A critical, yet unanswered, question is whether obesity physiologi-
cally alters cancer treatment efficacy. In 2012, BMI and breast can-
cer risk results were published from two large chemoprevention
trials (Breast Cancer Prevention Trial testing tamoxifen vs. placebo;
STAR Trial comparing tamoxifen vs. raloxifene—both for primary
prevention of breast cancer) (14). These two trials were designed
for prevention, not DFS or mortality; however, so many patients
are prescribed these medications after diagnosis that it is relevant
to mention the findings here. One of the provocative findings was
that the association of BMI with premenopausal breast cancer risk
was higher for women randomly assigned to tamoxifen (HR = 2.33;
95% CI = 1.10 to 4.90) than for women randomly assigned to
placebo (HR = 1.41; 95% CI = 0.82 to 2.43) (14). However, the
study was not powered to test whether an interaction of BMI with
tamoxifen was statistically significant, so the results are inconclu-
sive. It remains unknown why obese premenopausal women tak-
ing a Selective Estrogen Receptor Modulator (SERM) would be at
elevated risk for breast cancer compared with obese premenopausal
women not taking a SERM. Only a few studies have investigated
whether obesity influences response to treatment. Premenopausal
breast cancer patients with hormone receptor—positive tumors
(n = 1803) were randomly assigned to receive goserelin plus tamox-
ifen or anastrazole with or without zoledronic acid (38). After a
median follow-up time of 62.6 months, 64 breast cancer-related
deaths occurred. Overweight patients randomized to anastrazol
had a more than twofold increased risk of death compared with
those on tamoxifen (38). In another trial, breast cancer patients
who were obese appeared to have a poorer response to chemo-
therapy than nonobese patients independent of other prognostic
indicators (39). Finally, a small randomized controlled trial tested
tamoxifen, fenretimide, both, or placebo for 2 years among women
with a prior diagnosis of in situ breast cancer, a small invasive (stage
I) breast cancer, or unaffected high-risk women (eg, with a 5-year
Gail risk score 21.7) (40). Although disease endpoint data were not
reported, there were differential effects of tamoxifen by BMI in
relation to the surrogate biomarker endpoints of insulin resistance
and beta cell function. Understanding the influence of obesity on
treatment efficacy should be a high priority for future research,
particularly for breast and other hormone-dependent cancers.
Multiple potential mechanistic pathways could be hypothesized
through which obesity may biologically influence treatment effi-
cacy. For example, there could be differential reactivation of dor-
mant tumor cells across levels of adiposity. Evidence consistent
with this hypothesis includes the positive association of visceral fat
with circulating tumor cells and lung cancer metastasis in animals
(41) and the observation that receptors for growth factors that are
elevated with obesity (eg, insulin-like growth factor 1 receptor)
are commonly expressed on circulating tumor cells (42,43). There
could also be differences in the pharmacokinetics of cancer drugs
by adiposity, particularly for more lipophilic drugs. If the drugs are
metabolized at a different rate in the fat tissue, it is possible that
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both cancer treatment efficacy and toxicities could vary across obe-
sity status. There is a paucity of information on influence of obesity
on the pharmacokinetics of most anticancer drugs from properly
powered trials (44). Additionally, obesity has been shown to affect
multiple molecular pathways relevant to cancer recurrence and
progression, including insulin signaling, growth factors, apoptosis,
and the tumor microenvironment (45).

An alternate hypothesis could be that obesity does not biologi-
cally influence treatment efficacy and that the differential survival
outcomes across obesity are explained by differential application
of known efficacious treatments by obesity and/or upstream fac-
tors noted at the bottom of Figure 1. Intentional reduction of first
chemotherapy dose, lower relative dose intensity, and frequency of
treatment modifications have been found to be independently asso-
ciated with obesity and other upstream factors (6,46-50). Recent
guidelines recommend dosing of chemotherapy by full body weight
or body surface area (44). However, there continues to be ample
evidence to suggest that oncologists limit chemotherapy dosing to
overweight and obese patients, perhaps because of fears of treat-
ment toxicities (44). There is also evidence that surgery is techni-
cally more difficult among obese patients and that surgical recovery
and outcomes are worse among obese than lean patients, including
evidence specific to cancer surgery (51-54). Radiation treatments
are observed to be more difficult to deliver among obese prostate
cancer patients (54). Each of these has implications for cancer
prognosis as well as the potential for adverse treatment effects.

BMI is clearly associated with multiple chronic conditions,
including cardiovascular diseases, type 2 diabetes (55), pulmonary
disease (56), renal disease (57), and dementia (51). Multiple stud-
ies have observed differences in cancer treatments according to
comorbid conditions (58-61). Variability in administration of adju-
vant breast cancer therapy has been observed across obesity status,
even after adjustment for comorbidities (6). However, it remains
possible that the relationship of obesity with cancer survival could
be explained, in part, by differences in treatment according to
obesity-related comorbidities.

Obesity and Adverse Treatment Effects

In addition to the effects obesity may have on treatment efficacy
and the challenges of providing treatment to obese compared with
nonobese patients, it is also possible that obesity and associated
chronic conditions alter the incidence, severity, or clinical course
of common adverse effects of cancer treatment. Herein we review
the available evidence regarding the potential influence of obesity
on the burden of common adverse cancer treatment effects.

Lymphedema

Lymphedema is a chronic condition characterized by an accumula-
tion of protein-rich fluid and associated swelling of the affected
body part. Cancer treatments such as lymph node dissection and
radiotherapy can damage the lymphatic drainage routes, leading to
fluid build-up, discomfort, and reduced mobility and function (62).
Excess adiposity may increase risk of lymphedema by increased
inflammation, added stress to the lymphatic system, or slower heal-
ing times after surgery (63). Although it may arise as a complication
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of treatment for several cancers, the majority of lymphedema
research has been conducted within breast cancer.

There is convincing evidence that obesity increases risk of
lymphedema after treatment for breast cancer. Prospective studies
have reported statistically significantly higher lymphedema risk for
obese vs normal-weight women, with odds ratios (OR) ranging from
2.93 to 3.60 (63—-66). Women who are overweight, but not obese,
appear to be at lower but still statistically significantly increased risk,
with odds ratios ranging from 2.00 to 2.24 (63,64,67). The dose—
response relationship between excess weight and lymphedema risk
is further demonstrated by two separate studies, both reporting an
odds ratio of 1.08 for each additional BMI unit above the normal
weight category [95% CI = 1.05 to 1.12 (64); 95% CI = 1.0004 to
1.165 (65)]. Similarly, a study conducted in Hong Kong observed
statistically significantly higher BMI in breast cancer patients with
lymphedema compared with matched control subjects; this is nota-
ble given that BMI was low in both groups (22.9+3.6kg/m? for
case subjects vs 21.8+3.1kg/m? for control subjects) (68). This sug-
gests that adiposity is relevant to lymphedema across a wide range
of body sizes, not just for those women who are clinically obese.
Although it is unclear whether weight gain after treatment may
increase the risk of lymphedema (66), weight loss has been shown
to reduce lymphedema among overweight breast cancer survivors
in a pilot study (69). Further research on the effects of weight loss
on breast cancer survivors with lymphedema is ongoing within the
Penn TREC Survivor Center.

Beyond breast cancer, the evidence is less consistent regarding
the relevance of obesity as a risk factor for lymphedema. Three
studies reported no association of BMI and incident lower extrem-
ity lymphedema among cervical cancer survivors (70-72). By con-
trast, a prospective cohort study among cervical cancer survivors
found that low BMI (<18.5kg/m?) was associated with increased
frequency of lymphedema. However, these results may be affected
by higher tobacco use and stage at diagnosis in this group (73).
A retrospective chart review of 286 Japanese women with endo-
metrial cancer observed no association of BMI and lymphedema
(74), whereas a cross-sectional survey study among 243 Australian
women observed a 2.7-fold increased risk for lymphedema among
overweight compared with normal-weight endometrial cancer
survivors (95% CI = 1.0 to 7.5) (70). Beesley et al. also observed
a non-statistically significant increase in lymphedema risk among
overweight and obese ovarian cancer survivors compared with nor-
mal-weight women (OR =1.9; 95% CI = 0.8 to 4.5).

Quality of Life

Reduced quality of life, including functional impairment, psycho-
social distress, limitations in social functioning, and emotional
problems, is frequently reported by cancer survivors (75). Obesity
has been associated with lower physical and functional well-being
and poorer quality of life among endometrial cancer (76,77), breast
cancer (78), prostate cancer (79-81), and colorectal cancer survi-
vors (82). Two other studies with heterogeneous samples of can-
cer survivors (eg, breast, colorectal, prostate, bladder, uterine, and
melanoma) have also demonstrated reduced quality of life among
obese vs nonobese participants (83,84). Obesity is also associated
with higher prevalence and severity of site-specific symptoms, such
as incontinence in prostate cancer survivors (80-85).
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Fatigue

Fatigue may be the most commonly reported and distressing
symptom among cancer survivors (86,87). The overall prevalence
of cancer-related fatigue (CRF) is estimated at 48% among cancer
survivors, regardless of tumor type or treatment (88). Obesity has
been positively associated with CRF for a number of cancer sites,
including breast (89-92), endometrial (93), and childhood leuke-
mia (94). Hypothesized pathways through which obesity might
influence CRF include chronic inflammation, insulin resistance,
and metabolic factors such as abnormalities of energy production
and use (88). Factors predicting clinically significant CRF include a
BMI greater than 25 kg/m?, weight gain, physical inactivity, and low
physical functioning (91,95). Also, the severity of fatigue symptoms
is associated with higher BMI (95). Additionally, researchers found
that breast cancer survivors with CRF had higher BMIs and were
more likely to be obese at baseline than survivors not experiencing
CREF at 42 months after treatment (89).

Peripheral Neuropathy

Peripheral neuropathy is a potentially debilitating side effect of
neurotoxic chemotherapy regimens and is a frequent reason for
early cessation of treatment. Three classes of chemotherapy drugs
commonly associated with peripheral neuropathy are taxanes, vinca
alkaloids, and platinum compounds. Symptoms include numbness,
tingling, burning/stabbing sensations, weakness of the hands or
feet, and balance problems (96). Very little information is available
regarding the potential relationship between obesity and peripheral
neuropathy. In breast cancer, two studies observed no association
between obesity and chemotherapy-induced peripheral neuropa-
thy after taxane administration (97,98). Further, a study among
multiple myeloma patients found that obesity did not increase the
risk of peripheral neuropathy (99). However, given that obesity is
also a strong risk factor for diabetes, which can induce neuropathy,
it may be difficult to determine the independent effect of obesity
on chemotherapy-induced neuropathy (39). One population-based
cohort study observed that 9% of participants had comorbid diabe-
tes at cancer diagnosis, with higher rates for some cancers (eg, 19%
and 14% among pancreatic and uterine cancer patients, respec-
tively) (100).

Functional Health

The negative effect of cancer and its treatments on functional health
among cancer patients, as compared with age-matched adults with
no cancer history, has been observed in three large observational
cohorts (101-103). The effect of obesity on functional health is also
well demonstrated (104-106). No studies that specifically focused
on the differential impact of cancer and its treatments on functional
status among obese vs nonobese survivors were identified. However,
given the evidence that both cancer and obesity are associated with
worse functional health, it seems quite likely that functional health
would be worse among obese than nonobese survivors.

Cardiotoxicity

Cancer treatments can increase survivors’ risk for adverse cardiac
effects, including hypertension, ischemia, left ventricular dysfunc-
tion, venous thromboembolism, and brachycardia (107). Because
obesity is already a strong risk factor for cardiovascular disease and
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late effects of chemotherapy may not appear for many years after
treatment completion, it is difficult to determine the specific role
of obesity in treatment-related cardiac toxicities. Other sources of
increased cardiovascular risk, such as weight gain after chemother-
apy among breast cancer survivors (108), further complicate the
question. The relationships between excess pretreatment weight,
weight gain after treatment, and treatment-related cardiovascular
outcomes have not been extensively studied.

The Relevance of Race to the
Obesity-Cancer Burden Link

Race, Obesity, and Cancer Survival

The 2002-2008 data from the 18 Surveillance Epidemiology and
End Results (SEER) geographic areas demonstrate that 5-year
cause-specific survival is poorer for blacks and American Indians/
Alaskan Natives when compared with non-Hispanic whites, Asian/
Pacific Islanders, and Hispanics, regardless of tumor site (109).
More recently, it has been reported that blacks are more likely to
die from cancer than other racial and ethnic groups (110).

Race and ethnicity are independent predictors of DFS in breast
cancer patients. Several studies have documented worse breast
cancer—specific DFS and overall survival in black and Hispanic
American women compared with non-Hispanic white women (111-
113). However, when examining both racial and ethnic variation
and obesity’s impact on DFS in breast cancer, the literature appears
inconsistent. Within the Multiethnic Cohort Study, obesity was
associated with a higher risk for all-cause and breast cancer—specific
mortality compared with high-normal BMI. No differences were
noted across ethnic groups (26). Another study found that blacks
with nonmetastatic triple-negative breast cancer had lower 5-year
DEFS and a higher 5-year recurrence rate compared with nonblacks
(114). In this study, black patients had a higher BMI than nonblack
patients; after adjusting for BMI, race remained independently asso-
ciated with survival (114). Also, a lower DFS was seen in Hispanic
American patients with triple-negative breast cancer, independent of
obesity (115). Dignam et al. (116) reported similar findings. Research
is needed to specifically address the independent and combined con-
tribution of race and obesity on DFS in breast cancer patients, as well
as to explore these issues on cancer sites beyond breast cancer.

The colinearity of race and ethnicity with obesity and associated
comorbidities creates a tangled web that may require greater sensi-
tivity than is possible in currently available epidemiologic datasets.
For example, the large studies that have addressed the relationship
of obesity with cancer treatment success may not address quality of
or access to cancer care, comorbidities, or ability to take adequate
time off of work to receive full treatment and fully recover from
treatment. A population based case—control study Contraceptive
And Reproductive Experiences (CARE) compared breast cancer
mortality across 1604 black and 2934 non-Hispanic white women
and within levels of prediagnosis BMI. The results were adjusted
for obesity-related comorbidities and showed an effect of obesity on
breast cancer only among non-Hispanic white women. However,
black women were 33% more likely to die of breast cancer than
non-Hispanic white women, even after adjustment for obesity and
comorbidities (117). The question of whether this was because of
quality of or access to care remains unanswered.
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The contribution of race/ethnicity and socioeconomic position
on both cancer survival and obesity are difficult to untangle. Cultural,
environmental, psychological, and behavioral factors; health-care
quality and access; and biological characteristics that are associated
with both obesity and survival may partly explain differential
outcomes noted by race or ethnicity. Socioeconomic factors that are
present before cancer diagnosis may influence survival and mortality
after diagnosis. Race-based disparities in survival may, in part,
reflect low rates of early detection and screening. Low screening
rates and later screening dates for detecting cancer mean that
blacks are less likely to survive cancer after 5 years and have overall
higher cancer mortality rates than members of other racial and
ethnic groups (110,118-121). Several barriers, actual and perceived,
contribute to these low rates. Compared with non-Hispanic white
women, black women are likely to cite inadequate health insurance
and poor access to mammography, as well as psychosocial barriers
like mistrust of the health-care system and racial discrimination, as
reasons for not completing screening (122). For prostate cancer,
individual barriers for black men include lack of health insurance,
lack of knowledge, cost, lack of sense of urgency, inconvenient
doctor’s office hours, and a lack of information about what type of
medical professional to seek and where to find one (123). Notably,
many of these barriers of access to screening parallel access to
factors that influence obesity, such as lack of access to healthy foods
or safe and adequate environments for physical activity. More data
are needed to either address or put aside the possibility that obesity
and related comorbidities could partly explain racial and ethnic
disparities in cancer treatment outcomes. To further complicate
this relationship, members of different racial and ethnic groups
may be influenced differently, so both within-race and across-
race analyses are needed. At present, cohort studies of cancer risk
(ie, etiology) and cancer survivorship have too few minorities to
be able to adequately address these complex questions. There are
no existing cohorts that were designed specifically to address the
complex issues of race, ethnicity, and obesity as they relate to cancer
survival and survivorship. Novel methods and exposure assessment
are needed to measure the upstream variables denoted in Figure 1.
It is exceedingly unlikely that existing longitudinal cohorts have
collected data with the requisite level of precision to address these
issues, as most social and behavioral factors are collected for the
purpose of controlling for confounding rather than as causal factors
important to cancer control in their own right.

Race, Obesity, and Adverse Treatment Effects

Adverse treatment effects may complicate day-to-day functioning
for cancer survivors, deteriorate overall health and ability to fight
disease, and affect mental health. The degree to which adverse
treatment outcomes influence a cancer survivor may also vary
by race and ethnicity, as well as by obesity. Most research in this
area focuses on non-Hispanic white cancer survivor populations,
and limited data are available to examine the variability by race or
ethnicity for these outcomes. Furthermore, there is a lack of data
exploring whether variability in the prevalence of comorbidities
and response to treatment across race and ethnicity may influence
the purported association of obesity and adverse treatment effects.
Although the number of studies in this area is limited, herein we
highlight the current state of the field in select areas.
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Lymphedema.
survivors either consist largely of non-Hispanic white women or

Most studies of lymphedema in breast cancer

have not reported the racial or ethnic breakdown of their study
sample. Therefore, little information is available about how
lymphedema risk may vary between population groups. A higher
incidence of lymphedema has been observed among black women
vs non-Hispanic white women (124). Meeske et al. also investi-
gated risk factors for lymphedema in non-Hispanic White and
black breast cancer survivors. The authors included 271 non-
Hispanic white and 223 black women with in situ to stage ITI-A
primary breast cancer and a diagnosis of arm lymphedema in their
study (64). They concluded that arm lymphedema was associated
with younger age at diagnosis, history of hypertension, obesity,
and having had surgery that required excision of 10 or more lymph
nodes. Although black women (28%) appeared to be more likely
to develop arm lymphedema when compared with non-Hispanic
white women (21%), the difference was not statistically signifi-
cant after adjusting for comorbidities, such as hypertension. Both
obesity and hypertension have previously been associated with
lymphedema onset and progression (125) and are more common
among black women than non-Hispanic white women. Given the
limited number of studies in this area, additional investigations
are warranted in minority populations. No studies have examined
whether race or ethnicity modifies the relationship between obe-
sity and lymphedema.

Quality of Life. As noted earlier, cancer survivors experience det-
rimental changes in psychological and physiological health that can
impact health-related quality of life (HRQOL). The magnitude of
these differences in symptoms may vary depending on race or eth-
nicity and patterns of obesity. Many studies have independently
examined the association between race and HRQOL (126-129)
and obesity and HRQOL (76,80,84) among cancer survivors; how-
ever, few examined the combined effects of race and obesity on
HRQOL among cancer survivors. Minority cancer survivors expe-
rience lower HRQOL than their non-Hispanic white counterparts
(128,129). Black breast cancer survivors report poorer physical
functioning and general health and poorer physical and social well-
being compared with non-Hispanic white survivors (129-132).
Moreover, blacks had low HRQOL outcomes due to higher levels
of stress and worry related to recurrence and financial concerns
(133-135). Hispanic American breast cancer survivors report lower
HRQOL outcomes compared with other racial groups (126). Less
acculturated Hispanic American cancer survivors are observed to
have statistically significantly lower functional well-being, emo-
tional well-being, and breast cancer concerns compared with non-
Hispanic white survivors (136). The associations between obesity
and lower quality of life are observed across racial groups (81);
however, more research is needed to assess whether the relation-
ship between obesity and reduced quality of life is stronger among
some groups than others.

Fatigue. Few studies have reported on CRF specifically within
racial or ethnic minority groups. It is unknown whether race and eth-
nicity modify the relationship between obesity and CRFE. One study
observed no statistically significant differences in CRF between
black and non-Hispanic white breast cancer survivors (134).
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Peripheral Neuropathy and Cardiotoxicity. Two studies observed
statistically significantly higher incidence of peripheral neuropathy
among black cancer patients as compared with non-Hispanic white
breast cancer patients treated with taxanes (98,137). By comparison,
one other study did not (97). Beyond this, no studies were identified
regarding the potential for race or ethnicity to mediate or moderate
the relationship of obesity with peripheral neuropathy or cardiotox-
icity of cancer treatments or to examine whether these factors may
differ across racial and ethnic groups.

Functional Health. One study was identified that examined
physical health and obesity in black, Hispanic American, Asian
American, and non-Hispanic white cancer survivors (138). Black
and Hispanic American survivors reported substantially lower
physical health scores compared with Asian American and non-
Hispanic white survivors (138). Black survivors had the highest
rates for obesity, which was associated with lower physical function
scores than for nonobese survivors (138).

Pressing Questions

Unwinding the tangle of obesity, comorbidities, race and ethnicity,
and cancer survival and adverse treatment outcomes will require
studies specifically designed with these goals in mind. A scaffold-
ing to frame the complexity of these relationships is depicted
in Figure 1. As reviewed above, the effects of obesity on cancer
recurrence and adverse treatment outcomes show some variabil-
ity. It could be hypothesized that some of this variability may be
due to upstream variability across research cohorts with regard to
homogeneity of comorbid health conditions and race or ethnic-
ity. Throughout the review, we have noted unanswered questions
specific to understanding the role of obesity in cancer survival and
adverse treatment effects. Additional pressing questions appear
below. These questions address the potential for the relationships
of obesity, chronic disease, and race or ethnicity to confound, alter,
or mediate relationships among obesity, cancer recurrence, and
adverse treatment effects.

1. What are the combined and independent contributions of
race, comorbidities, and obesity on DFS, recurrence, and
overall mortality in cancer patients?

2. What are the combined and independent contributions
of race, comorbidities, and obesity on HRQOL and other
adverse treatment effects?

3. Is there variability in the effect of obesity on cancer survival
across racial and ethnic minority groups (both within-race
and across-race analyses are needed)?

4. To what extent does race or ethnicity modify the effect of
obesity or comorbid health conditions on adverse treatment
effects such as lymphedema and CRF?

Possible methodological approaches could include meta-analysis
or pooling projects of prospective cohort studies with the aim of
exploring these complex relationships and how they impact sur-
vival. Further, large national databases (SEER, National Cancer
Registry, or pooling large registries [ie, California, Texas, NY]) that
include comorbidities, obesity subgroups, treatment, pathology
race/ethnicity, and socioeconomic status could be leveraged to
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study relationships between obesity and related comorbidities on
cancer treatment outcomes/survival by race/ethnicity. Ultimately,
it may be necessary to design and conduct large observational
cohort studies with the primary aim of determining the relative
importance of race and ethnicity in the link between obesity and
cancer survival.

Conclusion

Since the publication of the landmark study by Calle et al. 10 years
ago (7), research on the effects of obesity on cancer survival has
increased substantially. In this review, we have focused on the role
of obesity in cancer recurrence and adverse treatment effects. This
area is ripe for further investigation, and we urge researchers to
consider whether obesity may be a marker for upstream issues that
vary across race and ethnic groups and which factors covary with
obesity, including comorbid chronic diseases, access to care, health
behaviors, and screening practices. If the role of obesity on cancer
survival is due, in part, to these upstream factors, then these issues,
along with obesity, should be the target of interventions to reduce
the burden of cancer.
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