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Abstract: The overall 5-year relative survival rate for all cancers combined is now
68%, and there are over 16.9 million survivors in the United States. Evidence from
laboratory and observational studies suggests that factors such as diet, physical
activity, and obesity may affect risk for recurrence and overall survival after a can-
cer diagnosis. The purpose of this American Cancer Society guideline is to provide
evidence-based, cancer-specific recommendations for anthropometric parameters,
physical activity, diet, and alcohol intake for reducing recurrence and cancer-specific
and overall mortality. The audiences for this guideline are health care providers car-
ing for cancer survivors as well as cancer survivors and their families. The guideline
is intended to serve as a resource for informing American Cancer Society programs,
health policy, and the media. Sources of evidence that form the basis of this guideline
are systematic literature reviews, meta-analyses, pooled analyses of cohort stud-
ies, and large randomized clinical trials published since 2012. Recommendations for
nutrition and physical activity during cancer treatment, informed by current prac-
tice, large cancer care organizations, and reviews of other expert bodies, are also
presented. To provide additional context for the guidelines, the authors also include
information on the relationship between health-related behaviors and comorbidities,
long-term sequelae and patient-reported outcomes, and health disparities, with at-
tention to enabling survivors’ ability to adhere to recommendations. Approaches to
meet survivors’ needs are addressed as well as clinical care coordination and re-
sources for nutrition and physical activity counseling after a cancer diagnosis.

Keywords: alcohol, cancer survivors, dietary patterns, nutrition, obesity, physical
activity

Introduction

Cancer is the second leading cause of death in the United States, disproportionately
affecting racial, ethnic, socioeconomic, and geographic subgroups.1 Over the past 30
years, there has been a decline in the overall cancer death rate of approximately 32%,"
and cancer survivorship has increased over this same period, with 16.9 million survi-
vors in the United States as of January 2019.2 The absolute number of cancer survivors
continues to increase due to several factors, including the aging of the US population.3
In addition, temporal changes in behavioral patterns and other factors that influence
risk for cancer, including smoking and obesity, affect cancer incidence and mortality.*
Changes in screening practices have generally resulted in earlier cancer detection and
treatment. For some types of cancer, improvements in treatment protocols and ad-
vancements in treatment as well as the use of targeted therapies and immunotherapies
have dramatically increased survival rates. The overall 5-year relative survival rate for
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all cancers combined is now 68%, although there is notable
variability across racial groups and types of cancer.!

Evidence from laboratory and observational studies, al-
though more limited than that for the development of can-
cer, suggests that modifiable risk factors, such as adiposity,
physical activity, diet, and alcohol intake, may affect risk for
recurrence and overall survival after diagnosis. The popula-
tion of cancer survivors in which observational studies (and,
to a lesser extent, intervention studies) have been conducted
reflects both incidence and survival rates. For example, pros-
tate cancer accounts for 27% of new cancer cases in men,
whereas breast cancer accounts for 31% of new cases in
women, and the 5-year relative survival rates are among the
highest for these cancers (98% for prostate cancer, 90% for
breast cancer).! Colorectal cancer (CRC) accounts for 8%
of new cases in both men and women and is associated with
a 5-year relative survival rate of 65%. Therefore, substan-
tially more investigations of the link between modifiable risk
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factors and recurrence risk and survival have been conducted
for the more common cancers with higher survival rates. In
contrast, evidence is much more limited for cancers that are
less common and/or have lower survival rates.

This is the third American Cancer Society (ACS) guide-
line with recommendations for relevant diet and physical
activity factors for cancer survivors to be released. The au-
diences for this guideline are health care providers caring for
cancer survivors as well as cancer survivors and their families.
The guideline is intended to serve as a resource for inform-
ing ACS programs, additional ACS electronic and printed
documents written with simpler terminology to be widely
comprehensible by cancer survivors and their families, health
policy, and the media. The first report,5 published in 2006,
was presented as a guide for informed choices with the aim of
guiding patients and their health care providers in the inter-
pretation of the scientific evidence available at that time. The

second ACS guideline,6 published in 2012, provided more
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Nutrition and physical activity guidelines for cancer survivors

specific recommendations across cancer types and was a re-
view of scientific literature based on a larger body of evidence.

This ACS guideline differs from earlier versions. The
purpose is to provide evidence-based, cancer-specific rec-
ommendations for anthropometric parameters, physical ac-
tivity, diet, and alcohol intake for reducing recurrence and
increasing time to new disease and cancer-specific and over-
all mortality. The body of evidence on the relationship be-
tween modifiable risk factors and postdiagnosis recurrence
and survival has increased substantially since the last ver-
sion, especially in the form of systematic literature reviews
and meta-analyses, which can add comprehensive evidence
with a lower risk of bias than previous evidence syntheses.
In addition, high-quality, systematic literature reviews and
meta-analyses have been conducted by recognized scientific
and advisory groups, and their recommendations are consid-
ered and presented in this report, which reduces redundancy
and promotes a unified message for patients and health care
providers. Notably, the focus of the evidence presented in
this version of the ACS guideline is on reducing risk of re-
currence and mortality and increasing disease-free survival
for survivors of cancers for which evidence is available based
on the systematic review described below. Evidence for in-
termediate outcomes from observational and intervention
studies, such as biomarkers or potential mediators of cancer
recurrence or progression, are not addressed in this report.

This report also includes information of relevance for
cancer survivors, their families, and health care providers that
was not subject to systematic review. Recommendations for
nutrition and physical activity during active cancer treatment,
informed by current practice and reviews of other expert bod-
ies, are presented in the guideline. Other topical issues in-
clude the relationship between health-related behaviors and
comorbidities, long-term sequelae, and patient-reported out-
comes (PROs), with attention to enabling survivors’ ability
to adhere to recommendations. Information on clinical care
coordination and resources for nutrition and physical activity
counseling after a cancer diagnosis are also provided.

Although understanding how to help survivors make
sustainable behavior change is critically important in opera-
tionalizing this guideline, a thorough discussion of evidence
for specific interventions and strategies to support nutrition
and physical activity behavior change in cancer survivors is
beyond the scope of this review. The reader is referred to
other reviews on this topic.”® Supporting Table 1 provides a
list of available nutrition and physical activity resources from
national organizations for cancer survivors.

Many cancer survivors face environmental, social, and
structural barriers that impact their ability to adhere to nu-
trition and physical activity recommendations. These include
disparities in cancer care, food insecurity, targeted market-
ing, and lack of access to healthy food and opportunities to
be physically active. Many of these issues disproportionately

impact people from diverse racial and ethnic backgrounds.
We recognize that policies, systems, and environmental ap-
proaches are necessary to support behavior change and allow
many survivors to adhere to nutrition and physical activity
recommendations. Although some community and policy
approaches to meet survivors’ needs are discussed, a full sys-
tematic review of these approaches was not included in this
guideline.

Methods

Articles were identified and selected following standards
outlined in the Institute of Medicine’s (National Academy of
Medicine) 2011 consensus study report Finding What Works
in Health Care: Standards for Systematic Reviews’ and report-
ing guidelines as detailed in “Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA state-
ment.”'® Although we did not conduct formal risk-of-bias
analyses or rigorous data extraction and synthesis, we did
follow systematic review standards for locating and selecting
the articles that are analyzed in this guideline.

Eligibility Criteria

Studies were included if they were systematic literature
reviews, meta-analyses, pooled analyses of cohort studies,
or randomized clinical trials (RCTs) with a sample size of
at least 200 people. Included studies were those based on:
1) cancer survivors, with survivorship defined as beginning
on the day of cancer diagnosis; 2) the outcomes mortal-
ity, cancer-free survival, cancer recurrence, or incidence of
a second cancer; and 3) investigations of dietary factors,
anthropometric parameters, physical activity, or alcohol
consumption. Eligible studies included peer-reviewed
publications in English during or after 2012, the year
that the ACS published the last “Nutrition and physical
activity guidelines for cancer survivors,”® and after 2014
for outcomes among breast cancer survivors, the year that
the World Cancer Research Fund/American Institute for
Cancer Research (WCRF/AICR) Continuous Update
Report on diet, nutrition, and physical activity in breast
cancer survivors was publishedn; studies of physical activ-
ity published during or after 2018, after systematic litera-
ture reviews of the American College of Sports Medicine
(ACSM) roundtable report on physical activity, sedentary
behavior, and cancer prevention and control'® and the 2018
“Exercise guidelines for cancer survivors: consensus state-
ment from international multidisciplinary roundtable”®?
were published. Exclusion criteria included conference
abstracts, proceedings, dissertations, letters, commentaries
or opinion pieces, and studies that did not meet the above
criteria. Reviews that were nonsystematic (eg, did not pro-
vide systematic review methodology, searched only one
database) were excluded. Studies were also excluded if ex-
posures of interest could not be isolated from one another.

232

CA: A Cancer Journal for Clinicians

851807 SUOWIWIOD aAIIERID 3|l dde aup Aq peuienob ake Ssoile YO @SN JO S3|ni Joj Afeld]8UIIUO /8|1 UO (SUOIIPUOD-PUB-SLLBIALI0O" A8 1M AReJq Ul [UO//Say) SUORIPUOD pue Swie | a4} 8eS *[£202/T0/y2] Uo AriqiTaulluo A8 IM 'WNIDT3E - A1V FONIAIAT Aq 6T.TZ 98e0/22EE 0T/I0p/W0d" Aa 1M Ate.q Ul ju0'S euIN0sIe//:Scny Woy pepeojumod '€ ‘2202 ‘€98rZhST



In addition to postdiagnosis exposure information, stud-
ies in which exposures were assessed before or at the time
of diagnosis were retained because, with some exceptions,
these may serve as a proxy for postdiagnosis behavior.

Together with a medical librarian (C.L.H.), the execu-
tive committee (C.L.R., C.A.'T., M.L.M,, and K.R.S.) iter-
atively generated lists of keywords and vocabulary terms (eg,
MeSH, Emtree) corresponding to: 1) the 4 key exposures
addressed in this report—anthropometric parameters (eg,
obesity, body mass index [BMI], body composition), phys-
ical activity, diet, and alcohol; 2) keywords and vocabulary
terms for the concepts of cancer survivors; 3) outcomes of
mortality, survival, recurrence, second cancer; and 4) the
study types delineated above. Separate search strategies were
developed for each of the 4 factors and were adapted for and
conducted in the following 5 databases: Ovid/MEDLINE,
Elsevier/Embase, Wiley/Cochrane Database of Systematic
Reviews, EBSCO/Cumulative Index of Nursing and
Allied Health Literature (CINAHL), and Epistemonikos.
org. Search dates were limited to articles published from
January 1, 2012, through November 7, 2020, for the diet/
anthropometric/alcohol searches; and from January 1, 2018,
through November 7, 2020, for the physical activity/exer-
cise searches. An English language filter was applied. The 4
search strategies conducted in Ovid/MEDLINE, analogous
to the searches in the other 4 databases, are available in the
Supporting Information.

Study Selection

All records identified through the database searches were
exported to the reference management software EndNote
version X9 (Clarivate Analytics), in which results were
deduplicated for each of the 4 sets of search results. Each
member of the executive team independently screened the
titles and abstracts of 2 of the 4 search results sets for rel-
evance. Disagreements were resolved by consensus of the
full executive team. Each member of the executive team
then independently screened 2 sets of the full texts of those
publications selected during the title/abstract screen, adher-
ing to the detailed inclusion/exclusion criteria documented
above. Disagreements were again resolved by consensus of
the full team. Each member of the executive team was then
assigned the finally selected articles for 1 of the 4 topic areas
and categorized each article according to which cancer types
were addressed within that article. After content experts and
writers were identified and agreed to assigned sections, the
articles were assigned and distributed.

Results

For diet, we found 1356 records through the database
searches (see Supporting Fig. 1). Of the 832 publications
that remained after 524 duplicates were removed, 25 were se-
lected for full text review, and 16 met the full set of inclusion

CA CANCER J CLIN 2022;72:230--262

criteria. For anthropometric parameters, we found 1333 re-
cords through the database searches (see Supporting Fig. 2).
Of the 856 publications that remained after 477 duplicates
were removed, 19 were selected for full text review, and 15
met the full set of inclusion criteria. For physical activity,
we found 814 records through the database searches (see
Supporting Fig. 3). Of the 453 publications that remained
after 361 duplicates were removed, 7 clinical trials with
no published results and one title that was not available in
English were removed, 11 were selected for full text review,
and 9 met the full set of inclusion criteria. For alcohol, we
found 152 records through the database searches, and 2 ad-
ditional publications were recommended by the correspond-
ing expert writing group (see Supporting Fig. 4). Of the 80
publications that remained after 74 duplicates were removed,
5 were selected for full text review, and all 5 met the full set
of inclusion criteria.

Nutrition and Physical Activity During Cancer
Treatment and Recovery Immediately After
Treatment

Nutrition and physical activity recommendations estab-
lished recently by the ACS for the primary prevention of
cancer are broadly relevant to survivors undergoing and im-
mediately after cancer treatment.>* Because achieving and
maintaining a healthy weight might improve treatment tol-
erance, it is important to monitor voluntary or involuntary
weight changes and adopt behavior changes to maintain or
gain weight. Many patients have unique dietary and physical
activity needs and abilities related to their specific cancer and
immediate and long-term treatment. Cancer survivors under
active treatment need to consult with their health care pro-
vider regarding potential dietary interactions, and patients
should be assessed and managed as outlined in the sections
below.

Physical Activity

As previously reviewed,'>!* there is sufficient evidence
that exercise during cancer treatment is beneficial in
managing several aspects of quality of life during cancer
treatment. Although the evidence is sufficient for exercise
prescriptions in the management of several cancer diagno-
ses or treatment-related side effects, such as anxiety, de-
pression, physical function, and lymphedema, additional
evidence for the management of other symptoms and side
effects is still needed.’ Specific recommendations for
physical activity include aerobic exercise, resistance train-
ing, or a combination of both for expected patient benefits.
Moreover, preliminary evidence suggests that exercise dur-
ing cancer treatment may improve treatment tolerancels
and l'esponse,16 although current evidence is insufficient
to make any recommendations.
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Nutrition and physical activity guidelines for cancer survivors

Most studies support that exercise is generally safe for
individuals undergoing cancer treatment. However, because
most of these studies are randomized controlled trials that
may include healthier participants than the general popu-
lation of patients with cancer, it is important for patients
who have cancer to seek medical evaluation to inform their
individual exercise program during treatment.">!* This type
of guidance is valuable in creating a safe and effective fit-
ness plan for patients who have cancer with appropriate and
tailored modifications related to specific cancer diagnosis
or treatment-related issues, such as breast cancer-related
lymphedema. Individuals undergoing cancer treatment are
encouraged to be active members of their nutrition and
physical activity care planning team. Interventions during
and immediately after treatment should be individualized

and realistic and should have scientific suppor’c.13’14

Diet and Nutrition

Initial steps when establishing a nutrition care plan involve
identifying a key person on the health care team responsi-
ble for nutrition care; this is followed by validated malnu-
trition screenings, nutrition-focused physical assessment,
medical nutrition therapy interventions, and ongoing sur-
veillance.'”!® Although advances in cancer diagnosis and
treatment have improved clinical outcomes, the inability
to maintain adequate nutritional status because of cancer
symptoms and treatment-related side effects is common and
can negatively impact overall clinical outcomes.”’

Several large cancer care organizations have published
guidelines on nutrition and physical activity for clinicians
and cancer survivors relevant to the treatment period and im-
mediately after cancer treatment, as summarized below. An
expert panel from the Academy of Nutrition and Dietetics
examined various oncology-related diet and nutrition care
questions in their Evidence Analysis Library, which guides
nutritional care. In 2017, an update to these guidelines
was published providing recommendations for the oncol-
ogy health practitioner/Registered Dietitian Nutritionist
(RDN) to follow when planning treatment-related care.
In addition, in 2017, the European Society of Enteral and
Parenteral Nutrition published updated guidelines.21 The
section below provides an integrated summary of c/inician-
Jocused recommendations rated as strong based on the best
evidence for optimal care in ambulatory settings where ac-
tive curative or definitive treatment, including neoadjuvant
and adjuvant therapy, is rendered. Readers are referred to the
original sources for more detailed information:

* Those undergoing treatment and/or being followed in an
ambulatory clinic should be screened for the risk of mal-
nutrition on an ongoing basis using a validated tool, such
as the Malnutrition Screening Tool.*’

* Those who are at risk of malnutrition should be assessed
by an RDN or Registered Dietitian and begin person-
alized nutritional counseling sessions. All interventions
should be monitored at regular intervals. This process
should be a component of a multidisciplinary team care
plan.zo

* Survivors need to maintain adequate nutritional in-
take, and symptoms related to the tumor and/or to the
treatment that negatively impact nutritional intake, also
known as nutrition impact symptoms, should be identified
and managed.”**

* If oral intake does not support adequate nutrient intake
to meet energy expenditure, the Recommended Dietary
Allowance for vitamins and minerals, and >1 g of protein
per kilogram of body weight per day, then the use of an
oral nutritional supplement should be implemen‘ced.m’22

» If intake remains insufficient, consideration should be
given to additional nutrition support strategies, such as
an enteral nutrition tube feeding regimen; and, if enteral
nutrition support is contraindicated, parenteral nutrition

support could be considered to meet nutritional needs.?%??

The National Comprehensive Cancer Network (NCCN)
and the American Society for Clinical Oncology (ASCO)
recently published guidelines for cancer survivors and their
clinicians outlining diet, nutrition, and physical activity rec-
ommendations."*”'® Highlights include:

* Recommendations to eat a healthy diet pattern, with ad-
equate macronutrient and micronutrient content from
both animal-based and plant-based food options but with
a preference to plant-based diet patterns;

* Caution regarding the overuse and misuse of dietary sup-
plements during and after treatment;

* Adherence to food safety procedures to avoid foodborne
illnesses; and

* Being as physically active as possible.

Long-Term Disease-Free Living or Stable
Disease

There is growing evidence that being physically active,
consuming foods that reflect a healthy dietary pattern, and
avoiding obesity after completion of cancer treatment improves
long-term survival. Since publication of the 2012 ACS
guidelines on nutrition and physical activity for cancer sur-
vivors,® some health organizations, including the WCREF/
AICR and the ACSM," %% have published compre-
hensive, systematic literature reviews on the state of the sci-
ence relating adiposity, physical activity, diet, and alcohol to
recurrence and cancer-specific and overall mortality among
cancer survivors.
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The WCREF/AICR published its Third Expert Report
on Diet, Nutrition, Physical Activity and Cancer: A Global
Perspective in 2018,% in which it discussed evidence for sur-
vivors of breast'! and other cancers, although comprehensive
reviews for survivors of cancers other than breast cancer were
not yet available. Given this lack of evidence, the WCRE/
AICR panel judged that, unless otherwise advised by a
health professional, following cancer prevention recommen-
dations is unlikely to be harmful to survivors who have com-
pleted treatment.”’ The cancer prevention recommendations
of the WCRF/AICR,? similar to the ACS guideline on diet
and physical activity for cancer prevention4 and the previous
ACS guidance for survivors,” include maintaining a healthy
body weight, being physically active, consuming a healthy
diet, and avoiding or limiting alcohol consumption. Specific
dietary recommendations in the ACS prevention guideline
emphasize a dietary pattern rich in a variety of plant foods,
such as vegetables, whole fruits, whole grains, and beans/le-
gumes, but limited in or not including red and processed
meats, sugar-sweetened beverages, highly processed foods,
and refined grain products.* The WCRF/AICR’s Third
Expert Report also recommends the receipt of nutritional
care and guidance on physical activity from trained profes-
sionals by all cancer survivors.

In 2019, the ACSM roundtable report on physical
activity, sedentary behavior, and cancer prevention and
control published summary risk estimates for the associ-
ation of prediagnosis and postdiagnosis physical activity
and cancer-specific and all-cause mortzdity.12 Being in the
highest versus lowest categories of prediagnosis physical
activity was associated with a statistically significant 18%
lower risk of breast cancer-specific mortality based on a
meta-analysis of 17 studies. Significant inverse associations
were also noted for CRC. Postdiagnosis physical activity
was significantly inversely associated with cause-specific
and all-cause mortality among breast, colorectal, and pros-
tate cancer survivors. The availability of data was limited
for other cancers, with single studies suggesting benefits
of physical activity on mortality outcomes for survivors of
kidney, lung, and esophageal cancers; non-Hodgkin lym-
phoma; childhood cancer; and malignant glioma.12 The
ACSM published detailed physical activity guidelines for
cancer survivors based on evidence for multiple cancer-
related health outcomes, including anxiety, depression, fa-
tigue, health-related quality of life, lymphedema, physical
function, bone health, and sleep.13

It is important to emphasize that cancer survivors are
at risk of other chronic diseases, including cardiovascular
disease (CVD), diabetes, and osteoporosis, so guidelines

26730 yemain

developed for the prevention of these diseases
relevant for this population. Indeed, some cancer treatments

heighten the risk of other chronic conditions.
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The cancer-specific sections below specify evidence
according to the timing of exposure assessment relative
to cancer diagnosis (eg, prediagnosis or postdiagnosis).
Observational studies provided the majority of studies in-
cluded herein; these include prospective cohort data in which
exposures could be assessed before or after a cancer diagno-
sis and/or secondary analyses of RCT data (eg, exposure as-
sessed at diagnosis or study baseline). Because prediagnosis
health behaviors may be similar to those after diagnosis, this
document includes both and presents exposure timing sepa-
rately when available. RCTs of health behavior (eg, physical
activity, nutrition) interventions are also included, although
these are less common. It is worth noting that most studies
of anthropometric exposures examined BMI as a proxy for
obesity, although BMI does not directly measure adiposity.

Cancer-Specific Evidence for Long-Term
Disease-Free Living or Stable Disease
Breast Cancer
Breast cancer is the most commonly diagnosed cancer in
women in the United States and is the second leading cause
of cancer death among women. In 2022, it is estimated that
287,850 women will be diagnosed with breast cancer, and
43,250 will die from the disease.! Breast cancer survival has
improved over time, and it is estimated that there are about
3.8 million breast cancer survivors in the United States.!
Research in breast cancer survivors provides the most
substantial and robust body of evidence related to the effects
of obesity, physical activity, diet, and alcohol in relation to
cancer survival, recurrence, and the risk of second primary
cancers among all cancer types. Even still, a comprehensive
review of the literature published in 2014 by the WCRE/
AICR™ suggested that there was limited evidence to guide
recommendations on these topics for breast cancer survivors.
Nevertheless, the WCREF/AICR suggested that there was
some evidence that there is better survival among women
with breast cancer who have a healthy body weight, are phys-
ically active, eat foods containing dietary fiber, eat foods con-
taining soy, or have lower fat or saturated fat intake.! Since
that time, the body of evidence has increased significantly.

Anthropometric parameters
For women diagnosed with breast cancer, most studies in-
dicate that obesity (BMI >30 kg/mz), before, at the time
of, or after diagnosis, is associated with a poorer progno-
sis, including recurrence and/or disease-specific or overall
mortality.n'34

Two systematic reviews and a large, pooled analy-
sis” concluded that women who had a BMI >30 kg/m?
had a higher risk of recurrence as well as disease-specific
and/or higher overall mortality compared with those who
had a BMI from 18.5 to 24.9 kg/m?. In their systematic

32,34
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review, Parekh et al** included 11 studies of prediagnosis
BMI in relation to disease-specific mortality that reported
risk estimates ranging from a 20% to 200% higher risk for
women who had a BMI >30 kg/m2 compared with those
who had a BMI from 18.5 to 24.9 kg/mz. They also in-
cluded 22 studies of postdiagnosis BMI, most of which re-
ported similar associations between BMI and mortality. In
their pooled observational analysis of data from 22 clinical
trials, including 3 trials of breast cancer, Greenlee et al® re-
ported no association between having a BMI >25.0 kg/m2
and mortality after a breast cancer diagnosis. Obesity
(BMI >30 kg/m?) was associated with a statistically sig-
nificant increased risk of death (hazard ratio [HR], 1.34)
only among breast cancer survivors who were treated with
cyclophosphamide, doxorubicin, and 5-fluorouracil. Effect
estimates from clinical trials were generally more modest
than those from observational studies, but this may have
been because of an overall healthier study population for
inclusion in clinical trials.>*

There remain many aspects of excess adiposity in relation
to breast cancer outcomes that are not well understood, in-
cluding associations with measures of adiposity other than
BMI, such as body fat distribution (eg, waist-to-hip ratio
and waist circumference) and body composition (eg, per-
centage body fat, muscle mass, fat mass index). Although
weight gain throughout adulthood is associated with breast
cancer risk, the relationship of weight gain before diagnosis
on breast cancer outcomes is not well understood. Several
studies suggest that weight gain after diagnosis is associ-
ated with greater breast cancer-specific mortality, but there
is limited evidence that intentional weight loss after diag-
nosis may be beneficial. In their large, pooled analysis of
>18,000 estrogen receptor (ER)-positive breast cancer sur-
13 found that weight gain from before
to after diagnosis was associated with a 24% higher risk of
breast cancer recurrence (HR, 1.24; 95% CI, 1.00-1.53), and
weight loss over this time frame was suggestive of lower risk
(relative risk [RR], 0.67; 95% CI, 0.42-1.05). Conversely, a
systematic review by Jackson et al* found that 4 of 5 obser-
vational studies indicated that weight loss in breast cancer

vivors, Nechuta et a

survivors was associated with a higher risk of mortality. It is
important to note that intentionality of weight loss was not
assessed in these studies, and unintentional weight loss may
be a result of cancer progression.

Physical activity

Prediagnosis physical activity. In 2019, the ACSM
roundtable report12 concluded that physical activity, assessed
before diagnosis, reduced risk of breast cancer-specific and
all-cause mortality. This conclusion is supported by a more
recent meta-analysis by Friedenreich et al*® of recreational
and total physical activity in 136 observational studies and
secondary analyses of randomized controlled trials, 36 of

which were conducted among breast cancer survivors. Physical
activity in the highest versus lowest activity categories was
associated with a 14% (HR, 0.86; 95% CI, 0.78-0.94) and
18% (HR, 0.82; 95% CI, 0.76-0.87) lower risk of breast
cancer mortality (n = 23 studies) and all-cause mortality
(n = 19 studies), respectively. Physical activity reduced the
risk of all-cause mortality regardless of BMI, and for patients
with postmenopausal breast cancer, but not for those with
premenopausal breast cancer. Evidence also supports an
inverse dose-response relationship between physical activity
and breast cancer-specific or all-cause mortality.***” Greater
amounts of physical activity, particularly moderate-to-
vigorous—intensity physical activity, conferred a greater risk
reduction for breast cancer-specific and all-cause mortality;
however, the increasing benefits leveled off at higher amounts
of physical activity. Apart from the dose of physical activity,
when considering the domain, both recreational physical
activity (eg, walking, running, etc) and total physical activity
(recreational, transportation, occupational, and household)
were associated with reduced breast cancer-specific and all-
cause mortality.*®

Postdiagnosis physical activity. Postdiagnosis physical
activity confers a greater risk reduction than prediagnosis
activity among premenopausal and postmenopausal women
for breast cancer-specific and all-cause mortality.'*
Comparing the most active versus least active categories,
the meta-analysis by Friedenreich et al of observational
studies and RCTs> found a 37% (HR, 0.63; 95% CT, 0.50-
0.78) and 42% (HR, 0.58; 95% CI, 0.52-0.65) lower risk
of breast cancer-specific mortality (n = 13 studies) and
all-cause mortality (n = 17 studies), respectively. Survival
benefits were seen for breast cancer survivors with a BMI
<25 kg/m2 and >25 kg/m2 for both cancer-specific and
all-cause mortality. Like prediagnosis physical activity,
postdiagnosis activity reduced the risk of all-cause mortality
for postmenopausal breast cancer survivors, but not for
premenopausal breast cancer survivors. Consistent with
results obtained by Friedenreich et al3 a meta-analysis
by Spei et al*® of 10 observational studies of breast cancer
survivors that compared women who had the highest levels
of recreational physical activity with those who had the
lowest levels also found reduced risks of all-cause and breast
cancer-specific mortality of 42% and 40%, respectively.
Subgroup analyses that compared high versus low physical
activity and overall mortality according to ER status found
a significant inverse association among women with ER-
positive breast cancer (HR, 0.47; 95% CI, 0.25-0.88) and
a similar inverse but nonsignificant trend for women with
ER-negative breast cancer (HR, 0.50; 95% CI, 0.38-0.66).%8
Furthermore, a meta-analysis by Morishita et al*’ of 8
RCTs showed that physical activity interventions (aerobic,
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resistance, or combined) led to a 24% decreased risk of all-
cause mortality. Two of the 8 RCTs included by Morishita
et al*’ examined cancer recurrence, with a significant 48%
reduced risk of recurrence. A meta-analysis by Akdeniz et al*’
of 12 population-based cohort studies examining modifiable
risk factors and the risk of contralateral, new, primary breast
cancers revealed no data on physical activity, suggesting the
need for future studies to examine the impact of physical
activity on the risk of a second, new, primary breast cancer.

Several meta-analyses have looked at the amount of phys-
ical activity and mortality risk among breast cancer survivors.
In general, there is a significant inverse dose response for
postdiagnosis physical activity and mortality. In their meta-
analysis, Friedenreich et al*® calculated dose-response curves
and reported steep declines in the risk for cancer-specific
and all-cause mortality, up to approximately 10 metabolic
equivalent (MET) hours per week. This level of activity is
consistent with physical activity guidelines to engage in 150
minutes per week of moderate-intensity physical activity or
75 minutes per week of vigorous-intensity physical activity.*®
Lee’s®’ meta-analysis of 2 prospective studies supports the
benefits of meeting physical activity guidelines versus not
meeting guidelines because the author found a 21% and 28%
reduced risk of breast cancer-specific and all-cause mortality,
respectively. Lee® suggested that the amount and intensity
of physical activity in patients with breast cancer may need
to be higher than current recommendations (150 minutes
per week of moderate-to-vigorous physical activity) and that
the recommendations be increased to 300 minutes per week
of moderate-intensity physical activity. However, the analy-
ses of intensity and amount grouped low amounts of activ-
ity into <300 minutes per week, and the results were based
on 2 studies for the various combinations of amount (dose)
and intensity of physical activity. Consistent with the steep
decline in risk seen in the dose-response curves reported by
Friedenreich et al,* a meta-analysis by Wang et al* from 9
studies of multiple cancer types, 3 of which included breast
cancer survivors, showed that even low amounts of physi-
cal activity were associated with a reduced risk of mortality
compared with no activity. Importantly, Lee® conducted a
meta-analysis of 2 prospective studies and found that de-
creasing physical activity from before to after diagnosis was
associated with a 236% increased risk of all-cause mortality
(RR, 2.36; 95% CI, 1.09-5.12).

Both recreational and total physical activity, at both
prediagnosis and postdiagnosis, have been found to consis-
tently provide protection for cancer-specific and all-cause
mortality.36 Conclusions about other physical activity do-
mains, such as occupational, transportation, and house-
hold physical activity, cannot be reached because they have
been less studied. Similarly, no clear recommendations can
be made regarding the domain(s) of physical activity that
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could contribute to the dose of 10 MET hours per week
(approximately 3 hours of walking per week) identified in
dose-response analyses.*®

3641 the au-

Across these reviews of individual studies,
thors point to study limitations, such as variations in physical
activity assessments, reliance on self-report (questionnaires
and interviews), various cutoff points for the amount of ac-
tivity, and the possibility of reverse causation. Nonetheless,
taken together, these studies highlight the importance of
breast cancer survivors engaging in any amount of physical
activity they can, increasing their activity level when possi-
ble, and especially not decreasing physical activity after their
diagnosis and treatment.

Apart from physical activity, there is increasing interest
in the impact of sedentary behavior on health. A systematic
review by Swain et al*? of 9 prospective studies on the asso-
ciation between postdiagnosis sedentary behavior in cancer
survivors and all-cause mortality only identified one study
with breast cancer survivors. That study did not find a sig-
nificant relationship between sedentary time and all-cause
mortality. Notably, across all 9 studies, sedentary behavior
was measured by self-report, and the quality of the evi-
dence was classified as Jow, highlighting the need for more
observational and interventional research to understand
whether time spent being sedentary increases the risk for
breast cancer-specific mortality or all-cause mortality and
whether this is a potential intervention target for breast can-
Ccer survivors.

As pointed out in several of these reviews, 23841 the
mechanisms for the protective effects of physical activity
on breast cancer-specific mortality may include reduced
exposure to estrogen and androgen, the effects of insulin
and insulin-related factors, and reduced inflammation.
Physical activity may affect these pathways directly or in-
directly by its effects on reducing body weight. The lower
risk for all-cause mortality may be linked to other benefits
of physical activity through reduced cardiovascular risk
(eg, improved exercise capacity) and reduced risk for other
comorbidities.

Diet

There is a growing literature examining dietary patterns
and outcomes in breast cancer survivors to capture the to-
tality of diet rather than focusing on individual nutrients
or foods. Dietary patterns that have been investigated in-
clude 4 priori indices, such as those based on dietary rec-
ommendations like the Healthy Eating Index (HEI),*
to reflect diets consistent with US dietary guidelines for
Americans, or an alternative Mediterranean diet score,** to
reflect a Mediterranean-style eating pattern. Other studies
explore dietary patterns identified from study populations,
so-called a posteriori patterns, named according to constel-
lations of food intake choices, such as those resembling a
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prudent (healthy) or Western (unhealthy) dietary pattern.
The more healthful dietary patterns are generally aligned
with recommendations for cancer prevention (eg, those of
the ACS* or the WCRF/AICR?), CVD prevention, and
health promotion.30’45 High-quality dietary patterns gen-
erally are characterized by a predominance of plant-based
foods, including vegetables and fruit, and whole grains,
and de-emphasize red and processed meat intake and re-
fined grains; whereas Western dietary patterns generally
are characterized by more red and processed meat intake
as well as greater intakes of refined grain products and

added sugars.

Prediagnosis dietary patterns. Three systematic literature
reviews ™™ found relatively few studies with mixed results
that reported on prediagnosis dietary patterns and their
influence on recurrence or mortality after breast cancer.
However, to the extent that evidence may exist, the reviews
suggest that a healthy dietary pattern may decrease overall
mortality risk, whereas a more Western dietary pattern may
be detrimental. In contrast, in a separate meta-analysis of 4
studies comparing vegetarians with nonvegetarians, Molina-
Montes et al*’ reported a meta-analysis HR of 0.99 (95%
CI, 0.67-1.44), indicating no benefit for vegetarian patterns
per se.

Postdiagnosis dietary patterns. Three systematic literature
reviews suggest that healthful dietary patterns after
diagnosis are associated with decreased risk of overall
mortality and nonbreast cancer mortality after breast
cancer. Jochems et al* identified 11 separate studies that
reported on some aspect of dietary patterns and breast
cancer outcomes, with 3 suggesting inverse associations
of healthful dietary patterns such as the HEI-2005 or a
prudent dietary score with overall mortality. For nonbreast
cancer-related mortality, 2 studies reported both an
increased risk associated with a Western dietary pattern
and inverse associations with prudent dietary patterns. Two
other studies reported inverse associations with healthy diet
scores, including the HEI-2005, the Dietary Approaches
to Stop Hypertension score, and the Alternative Healthy
Eating Index. In the systematic literature review conducted
by Terranova et al,*® 6 of the same studies were identified
with the similar conclusion that better overall diet quality
is associated with decreased risks of overall mortality and
nonbreast cancer mortality but that there was insufficient
evidence regarding associations with breast cancer-
specific mortality or recurrence. In their systematic review,
Molina-Montes et al*’ focused on vegetarian and other
mostly plant-based diets. In 3 studies representing 6
prospective cohorts, no association between a vegetarian
(vs nonvegetarian) diet and breast cancer mortality

was observed. A meta-analysis of 2 studies suggested
a 13% lower risk of all-cause mortality with greater
concordance with a Mediterranean dietary pattern.*’
Finally, the systematic review by Jochems et al* identified
2 randomized trials of dietary interventions among breast
cancer survivors: the Women’s Intervention Nutrition
Study and the Women’s Healthy Eating and Living Study
(WHEL). The Women’s Intervention Nutrition Study
dietary intervention was focused on dietary fat reduction,
whereas the WHEL dietary intervention was focused on
increasing fruit and vegetable intake; both can be regarded
as variations on promoting more healthful dietary patterns.
Both studies suggested only modest effects of the dietary
interventions on reducing total mortality; a meta-analysis
of the 2 results suggests an HR for overall survival of 0.90
(95% CI, 0.75-1.09) and an HR for disease-free survival
0f 0.89 (95% CI, 0.78-1.02).

In an additional systematic literature review by
Schwedhelm et al*’ that did not make clear distinctions
between prediagnosis and postdiagnosis dietary patterns, a
meta-analysis of 3 studies reported an HR of the association
with overall mortality of 0.76 (95% CI, 0.60-0.95) for a high
versus low prudent dietary pattern intake and an HR of 1.44
(95% CI, 1.17-1.77) for a high versus low Western dietary
pattern. An additional meta-analysis of 3 studies that used
a priori healthy dietary pattern scores reported an HR for
overall mortality of 0.74 (95% CI, 0.60-0.90).*

Dietary fat intake. In addition to the WCREF/AICR 2014
review,!’ Makarem et al®® published a contemporaneous
systematic literature review in which they identified 18
studies that reported associations related to total or subtypes
of dietary fat intake and mortality after breast cancer,
although the number of studies reporting on any specific
fat type variable was smaller. Regarding prediagnosis intake,
Makarem et al’® noted that, among the 7 identified studies
reporting on total fat intake, only one found an association
that was statistically significant, indicating an association
between higher fat intake and higher breast cancer-
specific mortality. For saturated fat intake, one of 2 studies
suggested a positive association with overall mortality;
for monounsaturated fat intake, 2 of 2 studies suggested
a positive but nonstatistically significant association with
overall mortality; and, for polyunsaturated fat intake, among
5 studies, one reported a positive association with overall
mortality, whereas another reported an inverse association
with overall mortzdi'fy.sO The results of the other 3 studies
are not clear. There is limited evidence that prediagnosis fat
intake is associated with mortality after breast cancer.

For postdiagnosis fat intake, Makarem et al’® noted that
one of 4 studies reported a positive association of total fat
intake with overall mortality, and 2 of 5 studies reported a
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positive association with breast cancer-specific mortality.
For saturated fat intake, one of 3 studies reported a positive
association with overall mortality, and the 2 studies exam-
ining breast cancer-specific mortality reported nonsignif-
icant positive associations. Two of 2 studies reporting on
the associations of frans-fat intake with overall mortality
reported positive associations, with HRs of 1.45 (95% CI,
1.06-1.99) and 1.78 (95% CI,1.35-2.32). The latter of these
2 studies also examined breast cancer-specific mortality and
found a nonsignificant positive association (HR, 1.42; 95%
CI, 0.89-2.52). For monounsaturated fat, one of 2 studies
reported a significant inverse association of intake with
overall mortality, whereas neither of the 2 studies examin-
ing breast cancer-specific mortality reported an association.
For polyunsaturated fat intake, 3 studies reported positive
associations with breast cancer-specific mortality, whereas
4 studies found no associations with overall mortality. The
one exception was a study that reported a significant inverse
association of eicosapentaenoic acid and docosahexaenoic
acid intake with overall mortality, whether examining intake
from food only (eg, fish) or including supplement intake.*’

Overall, based on the reviews by Makarem et al’® and
the WCRF/AICR,!! there is mixed and limited evidence
that fat intake or subtypes of fat intake may be associated
with mortality after breast cancer. Although there was an
intriguing observation in these reviews that #rans-fat intake
was associated with an increased risk of death after breast
cancer, this association was based on only 2 studies.

Soy foods. The WCRF/AICR 2014 review'!' concluded
that there was limited evidence that soy foods may
decrease risk of outcomes after breast cancer. Since that
time, 2 systematic literature reviews reported on these
associations.” > Qiu and ]ians2 identified 11 studies that
examined the association of prediagnosis soy food intake
and soy protein or estimated soy isoflavone intake with
breast cancer outcomes. In meta-analyses of 8 studies,
those authors calculated that the RR of high versus low soy
intake with overall mortality was 0.84 (95% CI, 0.71-0.98).
For breast cancer-specific mortality, the meta-analysis RR
for high versus low soy food intake was 0.89 (95% ClI,
0.74-1.07) across 5 studies. For soy isoflavone intake, the
comparable RR for overall mortality, including 7 studies,
was 0.81 (95% CI, 0.66-0.99); and, for breast cancer-
specific mortality, the comparable RR (including 3 studies)
was 0.92 (95% CI, 0.76-1.12).>> Two studies reported on
the association of soy isoflavone intake from foods and
breast cancer recurrence; the meta-analysis RR was 0.73
(95% CI, 0.60-0.87).” Finally, for the 3 studies reporting
on food sources of soy protein intake, the meta-analysis RR
for overall survival was 0.73 (95% CI, 0.49-1.10).>

CA CANCER J CLIN 2022;72:230--262

Qiu and Jiang® identified 2 papers that reported on
postdiagnosis soy intake. One was a pooled analysis by
Nechuta et al of data from 3 studies—the WHEL trial,
the Shanghai Breast Cancer Survivor Studies, and the
Life After Cancer Epidemiology (LACE) study—and the
other was from the Breast Cancer Family Registries Study.
The meta-analysis RR for overall mortality comparing
high versus low soy isoflavone intake was 0.80 (95% CI,
0.62-1.04).>% A pooled analysis by Nechuta et al®® (also
analyzed in the review by Qiu and ]iangsz) also reported
on breast cancer-specific mortality, with an RR of 0.83
(95% CI,0.64-1.07), and on breast cancer recurrence, with
an RR of 0.75 (95% CI,0.61-0.92). The analyses from that
report5 3 suggested that the findings related to recurrence
were somewhat stronger for patients with ER-negative
breast cancer, but the test for interaction by ER status was
not significant.

As described by Nechuta et a1,53 the amount of soy
foods consumed differs substantially in east Asian popu-
lations compared with populations in the United States or
Europe. For example, in the After Breast Cancer Pooling
Project (ABCPP), almost 90% of breast cancer survivors in
Shanghai reported consumption of >10 mg soy isoflavones
per day, whereas 84% of breast cancer survivors in 2 US stud-
ies reported consumption of <4 mg per day. Even so, the
effects of soy isoflavone consumption of >10 mg per day,
compared with <4 mg per day, were remarkably similar in
the Shanghai and US women. For example, for recurrence,
the HR for women in Shanghai was 0.69 (95% CI, 0.47-
1.01), whereas, for the US women, it was 0.76 (95% CI,
0.58-0.99).

Alcohol

The 2014 summary report from the WCRF/AICR!Y indi-
cated that no inferences could be made regarding alcohol
intake and outcomes after breast cancer. Since that report,
there have been 3 systematic literature reviews reporting
on the association of alcohol intake with breast cancer out-
comes.****>* In addition, a pooled analysis in the ABCPP®
combining data from 3 studies (the WHEL trial, the LACE
study, and the Nurse’s Health Study) focused on postdiag-
nostic exposures and late events (>5 years) among survivors
of ER-positive breast cancer.

Overall mortality. In a meta-analysis of 21 studies by
Schwedhelm et al,* the RR of high versus low alcohol
intake was 0.94 (95% CI, 0.85-1.04); no distinction was
made between prediagnosis and postdiagnosis intake. An
analysis from the ABCPP* found a similar association with
overall mortality for postdiagnosis alcohol intake (RR, 0.93;
95% CI, 0.75-1.17).
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Recurrence. In 7 studies in their systematic review,
Schwedhelm et al* also examined the risk of breast cancer
recurrence. The RR comparing high versus low alcohol
intake was 1.21 (95% CI, 1.06-1.39). Again, no distinction
was made between prediagnosis and postdiagnosis alcohol
intake. Simapivapan et al**also conducted a systematic review
on the impact of alcohol intake on recurrence or second
primary breast cancers. For recurrence, Simapivapan et al**
included 8 studies examining prediagnosis alcohol intake,
2 of which reported an increased risk of recurrence with
higher versus lower alcohol intake. Five studies examining
postdiagnosis alcohol intake were also included in that
review, 2 of which reported pooled results from the ABCPP.
One of the 3 individual studies reviewed (the LACE study)
reported an increased risk of recurrence (HR, 1.35; 95% CI,
1.00-1.83 for >6 g vs no alcohol) with higher versus lower
postdiagnosis alcohol intake, whereas the other 2 individual
studies reported either no association or a nonstatistically
significantincreased risk. An ABCPP 2013 pooled analysis of
3 studies (including the LACE study) included in the review
by Simapivapan et al** found no association of drinking >6
g alcohol per day versus none and breast cancer recurrence
among all women. However, an increased risk was observed
among postmenopausal women (HR, 1.19; 95% CI, 1.01-
1.40), but not premenopausal women (HR, 0.91; 95% CI,
0.72-1.16; P for interaction = .027). Consumption of 0.36 to
<6 g per day (<1/2 a drink per day) was inversely associated
with recurrence among premenopausal women (HR, 0.75;
95%, 0.59-0.94). In addition, among women who had ER-
negative tumors at diagnosis, light alcohol consumption was
associated with a lower risk of recurrence (HR, 0.70; 95%
CI, 0.53-0.92), and regular consumption was not associated
with risk. In a 2016 analysis from ABCPP?* the RR of a
late recurrence (ie, >5 years after diagnosis) among women
with ER-positive breast tumors, for one drink per day (12 g
of alcohol per day) was 1.28 (95% CI, 1.01-1.62) compared
with nondrinkers.

Second primary breast cancer. In one review,s 43
prospective studies examining prediagnosis alcohol intake
and the risk of second primary breast cancer were null. A
review of contralateral breast cancer risk factors*” identified
3 studies reporting associations with prediagnostic alcohol
intake, with a meta-analysis RR of 1.15 (95% CI, 1.02-1.31)
for ever versus never alcohol intake; however, this estimate
includes one case-control study.

Summary

Overall, systematic reviews indicate that greater obesity,
whether prediagnosis or postdiagnosis, is associated with
higher risk of recurrence, breast-cancer specific mortality,
and overall mortality. Whether weight loss that is inde-
pendent of disease-associated weight loss affects breast

cancer outcomes is less clear. There is strong and consist-
ent evidence that physical activity, both prediagnosis and
postdiagnosis, is associated with reduced risk for breast
cancer-specific and all-cause mortality. Studies indicate
that increasing activity, and not decreasing activity, after
diagnosis have positive effects on breast cancer outcomes.
More healthful dietary patterns after diagnosis are as-
sociated with lower risk of overall and nonbreast cancer
mortality, whereas less healthful dietary patterns after di-
agnosis are associated with increased risk of these mor-
tality end points. Soy food consumption before diagnosis
is associated with lower risk of overall mortality. There is
also consistent evidence, albeit from fewer studies, that soy
intake, whether prediagnosis or postdiagnosis, or postdi-
agnosis soy isoflavone intake is associated with a lower risk
of recurrence. The evidence that fat intake or its subtypes
are associated with mortality is inconsistent and limited.
Existing evidence suggests that there is no association of
alcohol intake and overall mortality in breast cancer survi-
vors, although that evidence is limited. The evidence for al-
cohol consumption, including postdiagnosis, in relation to
breast cancer recurrence is inconsistent overall. However,
possible heterogeneous associations by ER-receptor and
menopausal status warrant further investigation.

Cancers of the Upper Aerodigestive and Digestive
System

Cancers of the upper aerodigestive tract (UADT) (eg, oral
cavity, pharyngeal) and digestive system (eg, the gastroin-
testinal [GI] tract, including the esophagus, stomach, small
bowel, colon, rectum, and anus, and the liver, gall bladder,
biliary tract, and pancreas) constitute nearly 21% of newly
diagnosed cancers annually in the United States.! In total,
397,040 new cases of GI cancers are projected in 2022, ac-
counting for 183,150 deaths.! Colorectal cancer (CRC) is
the most common GI cancer,! and rates are declining by
about 2% per year for those aged 50 years and older; however,
they are increasing by 1.5% annually in those younger than
50 years.ss There are an estimated 1.5 million Americans

living with a history of CRC.?

Anthropometric parameters
The majority of studies examining BMI and mortal-
ity in UADT and digestive system cancers have focused

34,56,58,59 . 56,58
1, gastric, oro-

on esophageal,56’57 colorecta
pharyngeal,”® and pancreatic cancers.’®’ Most studies
have compared overweight (BMI 25.0-29.9 kg/mz) and/
or obesity (BMI >30 kg/mz) with BMIs from 18.5 to 24.9
kg/m”.

For esophageal cancer, in one meta-analysis by Liu
and Zhang,”” higher versus lower BMI at diagnosis was
associated with a 17% (HR, 0.83; 95% CI, 0.68-0.98)

lower risk of death; for every 5-unit increment in BMI,
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there was a 3% lower risk of all-cause mortality. In an-
other meta-analysis by Han et al,56 high versus low BMI
measured either before or at diagnosis was associated
with a 23% (HR, 0.77; 95% CI, 0.66-0.88) lower risk of
all-cause mortality. For CRC, patients who had a BMI
in the overweight range, compared with those who had
a BMI from 18.5 to 24.9 kg/mz, had a reduced risk of
all-cause m01'tztli’ty.56’59 For patients who had a BMI in
the obese category, compared with those who had a BMI
from 18.5 to 24.9 kg/mz, data were conflicting, with some
meta-analyses showing no relation with all-cause mor-
tality’’ and others showing a positive relationship.”®®’
The association for obesity compared with a BMI from
18.5 to 24.9 kg/m2 for CRC-specific mortality was also
conflicting. Some meta-analyses reported an increased
risk of mortality with BMI measured prediagnosis but
no association with BMI measured at (ii;igrlosis.34’58 For

%657 and oropharyngeal cancers,”® high versus low

gastric
BMI at diagnosis was unrelated to all-cause mortality. For
pancreatic cancer, the meta-analysis by Liu and Zhang®’
examined a BMI at diagnosis >30 kg/m?® compared with
a BMI from 18.5 to 24.9 kg/m2 and found no association
between BMI and all-cause mortality. In another larger
meta-analysis, Han et al’® demonstrated that obesity was
associated with a 22% increased risk of mortality (HR,
1.22; 95% CI, 1.01-1.43), although no increased risk was
seen for patients who were overweight. In one subanalysis
by Han et al®® (24 studies, 17,145 survivors), which com-
bined all of the digestive system cancers together but ex-
cluded pancreatic cancer, the authors found that, compared
with patients who had a BMI from 18.5 to 24.9 kg/mz,
those with overweight in adulthood had a 24% reduction
(HR, 0.76; 95% CI, 0.67-0.85) and those with obesity
had a 15% reduction (HR, 0.85; 95% CI, 0.72-0.98) in
the risk of death. The highest BMI at the time of diagno-
sis and in adulthood showed an 18% lower risk of death
(HR, 0.82; 95% CI, 0.71-0.92).>

BMI is a proxy for obesity but does not directly measure
adiposity. Visceral adiposity (VAT), the more metabolically
active of the adipose tissue compartments, which could po-
tentially affect cancer survival, was examined by Xiao et al®!
in one systematic review focusing on both CRC and pancre-
atic cancer in relation to mortality. In the majority of studies
included by Xiao et al,*" higher VAT (either those above the
median compared with those below the median or high ad-
iposity [>130 cm?] compared with those without high adi-
posity) was associated with an increased risk of mortality for
patients with CRC. In the studies of patients with pancreatic
cancer (which primarily compared the highest quartile or
tertile with the lowest), results were inconsistent, with only
1 of 5 studies reporting a significant increased relationship
with mortality.

CA CANCER J CLIN 2022;72:230--262

Physical activity

Survivors of CRC who are physically active after diagnosis
have a lower risk of CRC-specific mortality and all-cause
mortality. A meta-analysis by Qui et al®? of 18 prospective
cohort studies that included 31,873 survivors of CRC re-
ported a 36% lower risk of CRC-specific mortality (HR,
0.64; 95% CI, 0.47-0.88) and a 37% lower risk of all-cause
mortality (HR, 0.63; 95% CI, 0.54-0.74) between the high-
est versus the lowest levels of postdiagnosis self-reported
physical activity. In a meta-analysis of dose response in
which the risk of bias was low to moderate, Qui et al®* re-
ported that each 10 MET-hour per week increase in postdi-
agnosis physical activity (eg, approximately 3 hours per week
of brisk walking or 1.5 hours per week of bicycling) was as-
sociated with a 24% lower risk of CRC-specific mortality
and a 21% lower risk of all-cause mortality. The benefits of
specific physical activity types, such as aerobic or muscle-
strengthening activities, were undetermined. The evidence
quantitatively summarizing the effects of postdiagnosis
physical activity was insufficient for other UADT and diges-
tive system cancer sites.

Survivors of CRC who report more sedentary behavior
after diagnosis have a higher risk of CRC-specific mortal-
ity.* Sedentary behaviors are characterized by sitting or
lying and often include screen-based activities. A meta-
analysis of 3 prospective cohort studies that included 6791
survivors of CRC* reported a 53% increase in the risk
of CRC-specific mortality (HR, 1.53; 95% CI, 1.14-2.06)
among those who reported more versus less sedentary be-
havior, which was defined variably across studies; however,
the quality of the evidence was low. The evidence quantita-
tively summarizing the effects of postdiagnosis sedentary
behavior was insufficient for other UADT and digestive
system cancer sites.

Diet

The evidence supporting associations of diet and survival
among UADT or digestive system cancer survivors is fo-
cused primarily on dietary patterns and dietary indices.”’
Vegetables and fruits are considered a mainstay to a healthy
diet pattern. In a meta-analysis of 5 cohort studies (5472
survivors) by Hurtado-Barroso et al,®a higher vegetable in-
take before diagnosis of head and neck cancer (oral cavity,
pharynx, and larynx) was associated with 25% (HR, 0.75;
95% CI, 0.65-0.87) lower mortality in survivors. In con-
trast, studies of high fruit and vegetable consumption have
either not shown outcomes in other GI cancers or have
shown associations only in single studies.*”®* The 2 major
dietary patterns that have been reported in studies of GI
cancer survivors are often categorized as prudent/healthy/
plant-based diet and Western/unhealthy diet. Prudent di-
etary patterns are characterized by a higher intake of fruits,
vegetables, cereals, nuts, legumes, and nonfat dairy products.
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Western dietary patterns are characterized by a higher intake
of red and processed meats, refined grains, sweets, desserts,
and high-fat dairy products. Neither prediagnosis nor post-
diagnosis prudent dietary patterns are associated with cancer
recurrence or all-cause mortality in CRC survivors. #6404 In
contrast, at least 3 observational studies have shown that
higher Western or processed meat diet patterns before or
after diagnosis are associated with increased CRC recur-
rence and/or all-cause mortality. **%*

Dietary indices examined in observational studies mostly
include the Alternate Healthy Eating Index, the Dietary
Approaches to Stop Hypertension diet score, and the
Mediterranean Diet score.*®4%4 Meta-analyses of the limited
number of studies have not shown consistent associations of
these indices with outcomes in patients with CRC. The 2007
WCREF/AICR dietary score® is derived based on recommen-
dations to eat a diet rich in whole grains, vegetables, fruit, and
beans; limit consumption of energy-dense foods and avoid sug-
ary drinks; eat mostly foods of plant origin; limit intake of red
meat and avoid processed meat; and limit alcoholic drinks.%
One study reported that a prediagnosis diet consistent with
the WCREF/AICR recommendations was associated with 30%
lower CRC mortality and 21% lower all-cause mortalit}/.66

Alcohol

To date, there are limited data on associations between al-
cohol intake and overall mortality and/or cancer recurrence
among survivors of UADT and digestive system cancers.”
In a meta-analysis by Kim et al,*” prediagnosis consumption
of <30 g ethanol per day (<2 drinks per day) was associated
with a lower risk of all-cause mortality in a dose-response
analysis, whereas only light (>0 to <12.5 g per day) versus
no consumption before diagnosis was associated with lower
CRC-specific mortality. Postdiagnostic alcohol consumption
was not associated with survival.®” In their systematic review
and meta-analysis of cohort studies, Schwedhelm et al®
noted that higher intake of alcohol among hepatocellular
carcinoma survivors was associated with increased all-cause
mortality rates (RR, 1.21; 95% CI, 1.07-1.36). Similar in-
creases in all-cause mortality rates were observed for laryn-
geal and pharyngeal cancers (RR, 1.48; 95% CI, 1.08-2.02)
and head and neck cancer (RR, 1.39; 95% CI, 1.10-1.76).%

Summary

Higher BMI is not consistently associated with survival
after GI cancer; relationships differ by cancer type, time
of BMI measurement, and cancer outcome. There are no
data that address whether intentional weight loss after a
GI cancer diagnosis will improve outcomes. More direct
measures of adiposity and muscle mass are needed to add
rigor to the investigation of these relationships, in that
some evidence supports a role for higher VAT driving
greater all-cause mortality after CRC. Greater physical

activity is associated with improved overall and CRC-
specific survival, and lower sedentary time also is asso-
ciated with lower CRC-specific mortality; evidence for
other GI cancers is limited and inconclusive. A Western
dietary pattern is related to worse survival after CRC;
evidence is limited for other GI cancers. Prediagnosis al-
cohol consumption of <30 g per day is associated with
lower overall and CRC-specific mortality; there is no as-
sociation between postdiagnosis alcohol consumption and
survival outcomes. Available evidence supports limiting or
avoiding alcohol after laryngeal, head and neck, or hepatic
cancer because alcohol may increase all-cause mortality
among survivors of these cancers.

Genitourinary Cancers

In this section, we review cancers of the urinary tract and
male reproductive cancers (female reproductive cancers are
reviewed separately below). The genitourinary system in-
cludes the kidneys, urinary bladder, ureters, urethra, and in
men, the prostate, penis, and testis. The estimated numbers
of new cases in the United States for these cancers in 2022
are as follows: prostate (268,490), urinary bladder (81,180),
kidney (79,000), testis (9910), ureter and other urinary or-
gans (4010), and penis (2070).! Prostate cancer is the most
commonly diagnosed cancer in males but ranks second for
mortality and is estimated to account for 11% of the ex-
pected cancer deaths among men in 2022.!

Anthropometric parameters

Prostate cancer. The overall evidence that overweight
and obesity impact the progression to advanced prostate
cancer with increased mortality is inconclusive. In a pooled
observational analysis of data from 22 phase 1 and 2 clinical
trials (n = 11,724) in the Southwest Oncology Group,
Greenlee et al® analyzed the associations between BMI
at study enrollment and cancer mortality across 14 cancer
types. Deviating from previous observational studies, these
data documented that patients who had prostate cancer with
overweight (BMI >25 kg/mz) or obesity (BMI >30 kg/mz)
treated with androgen-deprivation therapy (n = 942) had a
lower risk of death (HR, 0.79; P = .01).

A 2012 systematic literature review by Parekh et al®*
evaluated the relationship between prediagnosis and
postdiagnosis BMI and prostate cancer survival (n = 6
studies). Two of the studies evaluated prediagnosis BMI
and found that men with obesity (BMI >30 kg/mz) had
a significantly higher risk of death compared with those
with a healthy BMI, with an HR of 1.95 (95% CI, 1.17-
3.23) after adjusting for age, smoking, BMI measurement
time, cancer stage at diagnosis, and Gleason grade and an
HR of 2.64 (95% CI, 1.18-5.92) after adjusting for age,
race, smoking, Gleason grade, cancer stage and prostate-
specific antigen at diagnosis, and treatment, respectively.
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Men with obesity were also at greater risk of metastasis
(HR, 3.61; 95% CI, 1.73-7.51). In the same systematic re-
view,** 4 studies evaluating postdiagnosis prostate cancer
BMI and site-specific mortality had inconsistent results.
Contrasting these findings, both the CaPSURE (Cancer
of the Prostate Strategic Urologic Research Endeavor)
study, with a mean follow-up of approximately 4 years, and
the Mayo Clinic Prostatectomy Registry, with follow-up
of 10 years, found no associations between BMI and pros-
tate cancer-specific mortality. A limitation in interpreting
results for most studies is that few prostate cancer studies
control for tumor pathologic features.

Bladder cancer. In the Greenlee et al pooled observational
analysis,” bladder cancer patients with overweight who
were treated with Bacillus Calmette-Guerin (n = 443) had
a significantly lower risk of death (HR, 0.69; P = .02).In a
systematic review of 105 studies, Zuniga et al®® examined
modifiable risk factors and cancer recurrence, progression,
cancer-specific mortality, and all-cause mortality for
patients with nonmuscle-invasive bladder cancer. Of these,
18 studies assessed BMI and bladder cancer prognosis. The
summary of evidence supported that overweight or obesity
(BMI >25 kg/mz) is associated with an increased risk of
both disease recurrence and progression for patients with
nonmuscle-invasive bladder cancer.?® Inconclusive results
were noted with BMI and cancer site-specific mortality
and all-cause mortality. Two cohort studies suggested that
measurement of adiposity and muscle mass by computerized
tomography (CT) scans, versus anthropometry, serve as
better predictors of clinical outcomes in patients who
undergo cystectomy because these measurements capture
both fat and skeletal muscle mass. Indeed, sarcopenia was
associated with an increased risk of all-cause mortality (HR,
1.67; 95% CI, 1.11-2.50), whereas BMI alone showed no
association.®® As acknowledged by the authors, the use of
a single database (PubMed; and references of publications
identified) was a limitation of their systematic review.

Kidney cancer. In the Greenlee et al pooled observational
amadysis,35 patients with renal cancer who had a higher BMI
at the time of diagnosis and were treated with o-IFN 9
(n = 145) showed no association between baseline BMI and
the risk of death. A 2016 systematic review of imaging (C'T/
magnetic resonance imaging) studies was conducted by Xiao
et al®! to assess VAT and cancer survival in several cancers,
including 5 studies of renal cell carcinoma. In 4 of 5 renal cell
carcinoma cohort studies, either higher VAT was predictive
of survival or lower VAT was associated with poorer survival.
Testicular cancer. No reviews —assessing
the associations between adiposity, body weight, body

systematic

CA CANCER J CLIN 2022;72:230--262

composition, weight change, and testicular or other male
genital cancer outcomes have been reported.

Physical activity
Evidence examining postdiagnosis physical activity or sed-
entary behavior in relation to cancer survival outcomes in
genitourinary cancers is limited. Benke et al®’ conducted
a systematic review and meta-analysis of 48 cohort stud-
ies and 24 case-control studies examining the associations
between physical activity and prostate cancer incidence
and mortality. Four cohort studies examined postdiagno-
sis physical activity and prostate cancer-specific mortality
and reported that higher physical activity was associ-
ated with a 31% reduced risk of prostate cancer-specific
mortality (RR, 0.69; 95% CI, 0.55-0.85); the benefit was
largely attributed to recreational activity. Friedenreich
et al®® conducted a systematic review and meta-analysis of
136 studies examining the associations of prediagnosis and
postdiagnosis physical activity with cancer-specific and
overall survival for all cancers and by tumor site, identify-
ing the same 4 cohort studies of prostate cancer-specific
mortality as Benke et al®’ and reporting the same 30% risk
reduction. Among 5 cohort studies examining physical ac-
tivity and all-cause mortality, there was a 40% risk reduc-
tion for the most active versus least active prostate cancer
survivors (HR, 0.60; 95% CI, 0.46-0.79).

In terms of other genitourinary cancers, Friedenreich

et al®®

identified only one study that examined postdiag-
nosis physical activity and survival in patients with kidney
cancer. That study reported that the most active versus
least active kidney cancer survivors had a nonsignificant
43% risk reduction in kidney cancer-specific mortality
(HR, 0.57; 95% CI, 0.24-1.33) and a significant 40% risk
reduction in all-cause mortality (HR, 0.60; 95% CI, 0.38-
0.96). Swain et al* conducted a systematic review of 33
studies examining postdiagnosis sedentary behavior and
health outcomes in cancer survivors, including 9 stud-
ies that examined mortality. One study of kidney cancer
survivors demonstrated a higher risk of overall mortality
for the most versus least sedentary (HR, 1.19; 95% ClI,
0.96-1.47). Finally, a single study of prostate cancer sur-
vivors included by Swain et al* reported a decreased risk
of overall mortality among those with the most versus
least sedentary occupational activity (HR, 0.72; 95% CI,
0.50-1.04).

Diet

A systematic review and meta-analysis of cohort studies
in cancer survivors by Hurtado-Barroso et al®* reported
on associations between fruit and vegetable intake with
cancer recurrence, mortality, and all-cause mortality.
However, only one study was identified for prostate can-
cer; an Italian study of 777 men with median follow-up
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of 12.7 years, the results of which suggested lower cancer-
specific and overall morality with high levels of raw
vegetable intake, as well as lower overall mortality with
greater fruit intake prediagnosis. The review included 2
inconclusive studies of fruit and vegetable intake in pa-
tients who had bladder cancer, with one study suggest-
ing that greater prediagnosis fruit intake may reduce risk
for first recurrence of bladder cancer. Regarding bladder
cancer, the Zuniga et al review®® concluded that limited
evidence suggests that beverages including coffee, green
tea, or cola, and artificial sweetener do not appear to be as-
sociated with outcomes among patients with nonmuscle-
invasive bladder cancer.

Jochems et al*® reviewed dietary patterns and indices
in cancer survivors and identified 2 studies among men
with prostate cancer. One of those studies, the Physician’s
Health Study, examined adherence to a Western diet after
prostate cancer diagnosis in 926 men with nonmetastatic
prostate cancer and found that adherence was associated
with a 2.5-fold increased risk of prostate cancer-specific
mortality (HR, 2.53; 95% CI, 1.00-6.42) and a 67% in-
creased risk of all-cause mortality (HR, 1.67; 95% CI,
1.16-2.42). A prudent diet was associated with a 36%
lower risk of all-cause mortality (HR, 0.64; 95% CI,
0.44-0.93).* The second report completed in the Health
Professionals Follow-up Study enrolled a cohort of 4538
nonmetastatic prostate cancer survivors and reported that
following the Mediterranean diet pattern after diagnosis
was associated with a 22% lower risk of all-cause mortality
(HR, 0.78; 95% CI, 0.67-0.90), whereas there was a lack
of association between this diet and the risk of prostate

cancer OU.'ECOI’Ilf:S.46

Alcohol

No systematic reviews or meta-analyses that met our inclu-
sion criteria have reported on the associations of alcohol in-
take with outcomes among those with prostate or any other
genitourinary cancers.

Summary

Evidence for factors related to nutrition and physical activ-
ity that may influence survival from genitourinary cancers
is inconsistent and, for some of the less common genitou-
rinary cancers, nonexistent. The totality of the evidence
in systematic reviews does not definitively support an as-
sociation of body weight, BMI, or body composition with
prostate cancer progression or prostate cancer-specific
mortality. Data are inconclusive for bladder cancer in terms
of cancer-specific and overall mortality; recurrence and
progression are associated with overweight/obese status
for noninvasive disease. However, higher BMI may in-
crease recurrence or progression risk in patients with blad-
der cancer and is inversely associated with kidney cancer

survival. There is consistent evidence that physical activity
is associated with lower prostate cancer-specific and overall
mortality. Systematic review analyses of diet patterns and
genitourinary cancers are few and suggest that Western,
as opposed to prudent, diet patterns are associated with
higher prostate cancer-specific and overall mortality, and
a Mediterranean-style dietary pattern is associated with
lower all-cause mortality among prostate cancer survivors.
No systematic reviews that met our inclusion criteria have
been conducted evaluating alcohol intake and genitouri-
nary cancer outcomes.

Gynecologic Cancers

Gynecologic cancer refers to any cancer that originates in
women’s reproductive organs, including the cervix, ovary,
uterus, vagina, and vulva. In 2022, it is estimated 115,130
new cases of gynecologic cancer will be diagnosed in the
United States." Endometrial cancer (which comprises
the vast majority of uterine corpus cancers) is the most
common gynecologic malignancy in the United States,
with an estimated 65,950 new cases and 12,550 deaths
in 2022." The prognosis for endometrial cancer is related
to the stage of disease at diagnosis, with a 95% survival
rate if diagnosed with localized disease.! Ovarian cancer
is the most lethal of the gynecologic cancers, and it is es-
timated that 29,880 women will be diagnosed with, and
12,810 will die of, this disease in 2022.) At least half of
ovarian cancers are diagnosed at an advanced stage, when
the prognosis is poor, with an overall 5-year survival rate
of 49%. For the 19% of women diagnosed with localized
ovarian cancer, the 5-year survival rate is 93%."°° Invasive
cervical (also called wuterine cervix) cancer is estimated to
be diagnosed in 14,100 women in 2022 and result in death
in approximately 4280 women.! The role of nutrition and
physical activity in gynecologic cancer prognosis is largely
unknown.

Anthropometric parameters

Endometrial cancer. Obesity is established as a strong
risk factor for the development of several cancers, and
one of the strongest associations is with endometrial
cancer.”’ However, studies on the role of obesity in
endometrial cancer prognosis are limited and inconclusive.
Among studies covered in 2 systematic reviews by Arem
and Trwin’" and Secord et al,”* approximately one-half
found that a higher prediagnosis BMI is associated with
a higher risk of all-cause mortality among endometrial
cancer survivors, whereas the other one-half reported
no association between prediagnosis BMI and survival.
Pooling these studies together suggests that a 10% increase
in endometrial cancer survivors’ BMI is associated with 9%
higher odds of all-cause mortality.72 A few studies included
by Arem and Irwin’! examined the relationship between
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BMI and progression-free survival among endometrial
cancer survivors, and none indicated an association. A
recent, large meta-analysis by Petrelli et al® exploring
the associations between obesity (BMI >30 kg/mz) and
mortality found that women with endometrial cancer
who had a BMI >30 kg/m? at diagnosis had a 20% higher
risk of all-cause mortality compared with those without
obesity, but no association with risk of endometrial cancer-
specific mortality or recurrence was demonstrated. The role
of weight change from prediagnosis to postdiagnosis in
endometrial cancer survival is unknown.

Ovarian cancer. The association between BMI and
ovarian cancer survival is poorly understood. One pooled
analysis by Greenlee et 31,35 using data from 22 clinical
trials of common treatments in multiple cancer sites
within the Southwest Oncology Group, suggested poorer
ovarian cancer survival for women with higher BMI on a
paclitaxel regimen (HR, 1.18). However, the sample size
was relatively small (n = 241), and the results were not
statistically significant. A systematic literature review by
Xiao et al®® evaluated the association of visceral fat with
cancer survival, but only one small study of ovarian cancer
was identified (n = 46 patients with advanced ovarian
cancer), which found no association with progression-free
survival or overall survival. Petrelli et al,®’ in a recent meta-
analysis of studies evaluating obesity (BMI >30 kg/mz)
at diagnosis and ovarian cancer survival, found no
association with recurrence (including 2 studies) or with
ovarian cancer-specific mortality or all-cause mortality
(including 4 studies) for women with obesity versus
women without obesity.

Physical activity

No systemic reviews or meta-analyses on the role of
physical activity or sedentary behavior in the prognosis
of endometrial cancer, ovarian cancer, or other individual
gynecological cancers were available at the time of this re-
port. One meta-analysis by Friedenreich et al,*® however,
pooled results from studies of ovarian, endometrial, and
cervical cancer survivors to explore the potential role of
prediagnosis and postdiagnosis physical activity in female
reproductive cancer survival. That analysis revealed no in-
dication of an association between prediagnosis physical
activity and cancer-specific or all-cause mortality among
female reproductive cancer survivors. However, survivors
of female reproductive cancers who were the most physi-
cally active postdiagnosis had a 33% lower risk of all-cause
mortality compared with the least physically active female
reproductive cancer survivors.*® There were not enough
studies to explore the association between postdiagnosis
physical activity and site-specific cancer mortality. There
are currently no reviews or meta-analyses on the role of
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sedentary behavior in the prognosis of female reproduc-
tive cancers.

Diet

Endometrial cancer. No systematic reviews or meta-analyses
on the role of diet in the prognosis of endometrial cancer
were available at the time of this report.

Ovarian cancer. Limited evidence is available for the
role of diet in ovarian cancer prognosis. Meta-analyses
of vegetable and fruit consumption and the prognosis
for cancer survivors by Hurtado-Barroso et al®* showed
that high vegetable and fruit intake before a diagnosis
of ovarian cancer was associated with 22% (HR, 0.78;
95% CI, 0.66-0.91) and 18% (HR, 0.82; 95% CI, 0.70-
0.96) lower overall mortality, respectively (based on 4
studies). The findings suggested a dose response, with
those consuming >400 g per day of vegetable and fruits
experiencing the greatest overall survival. By contrast, a
single study within a review by Molina-Montes et al*’
indicated that vegetarian (plant-based) dietary patterns
were not associated with ovarian cancer-specific mortality.
A 2018 systematic review by Yeganeh et al” of lifestyle
modification on gynecologic cancer recurrence identified
no published results from RCTs that assessed the effect of
lifestyle interventions, including those related to diet, on
cancer recurrence or survival.

Alcohol

No systemic reviews or meta-analyses on the role of alco-
hol in the prognosis of endometrial cancer, ovarian cancer,
or other gynecological cancers were available at the time of
this report.

Summary

In summary, although the current evidence is limited and
inconclusive, there is emerging evidence that obesity may
be associated with lower survival after an endometrial can-
cer diagnosis, and early but limited evidence suggested
that physical activity after diagnosis may improve survival
from gynecological cancers. For ovarian cancer, there is not
sufficient evidence on the role of behaviors such as diet,
physical activity and alcohol consumption to guide recom-
mendations for ovarian cancer survivors at this time. No
systematic reviews or meta-analyses on the role of modifi-
able risk factors in the prognosis of cervical, vaginal, or
vulvar cancers were available at the time of this report.
Further studies are needed before public health recom-
mendations that are specific to gynecological cancers can
be made.

Lung Cancer
In 2022, an estimated 236,740 Americans will be diagnosed
with lung cancer, and 130,180 will die from the disease.!
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Nutrition and physical activity guidelines for cancer survivors

Lung cancer is the second most common cancer (exclud-
ing nonmelanoma skin cancer) and the number one cause of
cancer death among men and women in the United States.!
There were 517,350 lung cancer survivors living in the
United States by 2018.2 Although smoking cessation is still
a top priority, other modifiable risk factors might also play
a role in long-term survival outcomes among lung cancer
survivors.

Anthropometric parameters

The relationship between body weight, BMI, body compo-
sition, and lung cancer survival is complex. Because smok-
ing is an important risk factor for the disease, and smokers
tend to have a lower BMI, this may potentially confound
the association of BMI and cancer survival. Research on
BMI at diagnosis and lung cancer prognosis is limited and
inconsistent. In a study of patients who were treated with
certain chemotherapeutic drugs, there was some evidence
of a survival advantage for patients with higher BML.*
Greenlee et al,** in a pooled analysis of 22 clinical trials
investigating the relationship of BMI and cancer survival,
included 2 studies of nonsmall cell lung cancer and found
that overweight (BMI >25 vs <25 kg/m?) was associ-
ated with a lower risk of mortality among patients with
nonsmall cell lung cancer who received treatment with
carboplatin and paclitaxel. However, higher BMI was not
associated with mortality among patients who received
treatment with cisplatin and vinorelbine. In another meta-
analysis, Petrelli et a1?® found that patients with lung can-
cer who had obesity, compared with patients who did not,
had lower overall mortality (11 studies: HR, 0.86; 95% CI,
0.76-0.98) and cancer-specific mortality (3 studies: HR,
0.53; 95% CI, 0.30-0.92). However, the majority of stud-
ies included patients with advanced lung cancer, in whom
significant weight loss is common; therefore, the findings
should be interpreted with caution.

Physical activity

Evidence linking postdiagnosis physical activity or sed-
entary behavior to lung cancer survival is very limited.
Friedenreich et al®® conducted a systematic review and
meta-analysis of 136 observational studies or randomized
trials examining the associations of prediagnosis and post-
diagnosis physical activity with cancer-specific and overall
survival for all cancers and by tumor site. In 2 prospective
cohort studies, self-reported postdiagnosis physical activ-
ity was associated with a statistically significant 24% risk
reduction in all-cause mortality for the most versus least
physically active patients with lung cancer (HR, 0.76; 95%
CI, 0.60-0.97). Similarly, in 5 prospective cohort studies,
higher self-reported prediagnosis physical activity was as-
sociated with a statistically significant 19% reduced risk
of lung cancer mortality (HR, 0.81; 95% CI, 0.75-0.87).

Moreover, Morishita et al*’ conducted a systematic review
and meta-analysis of 8 randomized controlled trials ex-
amining the effects of physical activity on recurrence and
overall survival across all cancer survivor groups. The one
trial of 111 patients with lung cancer reported no effect of
a 2-month exercise program designed to increase physical
activity by 3 MET hours per week on overall mortality.
Overall, evidence for an association between physical ac-
tivity and lung cancer survival is very limited and incon-
clusive. Robust data and studies to inform on the role of
sedentary behavior and lung cancer survival are not avail-
able at this time.

Diet

Research on diet and lung cancer outcomes to date have
largely focused on intake of fruits, vegetables, and vegetar-
ian dietary patterns. In a recent systematic literature review
and meta-analysis by Hurtado-Barroso et al®* of 28 co-
hort studies, including 2 studies among lung cancer survi-
vors, no association was found between fruit and vegetable
consumption and all-cause mortality in patients with lung
cancer. Another meta-analysis of dietary patterns and can-
cer survival by Molina-Montes et al*’ found no association
between consuming a vegetarian diet (reported no consump-
tion of any meat or fish) before diagnosis and lung cancer-
specific mortality.

Alcohol

No systemic reviews or meta-analyses on the role of alcohol
in the prognosis of lung cancer were available at the time of
this report.

Summary

In summary, the evidence on anthropometric parameters,
physical activity, and diet in relation to lung cancer prog-
nosis remains limited. Despite some beneficial associa-
tions between being physically active and having a higher
BMI with lung cancer-specific survival in patients who
have lung cancer, more studies are needed to confirm
these associations. No systematic reviews, meta-analyses,
or RCTs of alcohol consumption and lung cancer survival
were identified. Importantly, current evidence has assessed
exposures before diagnosis as drivers of survival-related
outcomes more than it has evaluated behaviors or behavior
changes after diagnosis.

Hematological Cancers

Hematological cancers are a group of malignancies originat-
ing from cells of the bone marrow and the lymphatic system.
The 3 major types of hematological cancers are leukemia,
lymphoma, and multiple myeloma. In 2022, there will be an
estimated 184,130 new cases of hematological cancer, ac-
counting for 9.6% of new cancers, and 57,810 deaths from
hematological cancers in the United States.! The survival
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rates for hematopoietic and lymphoid cancers have im-
proved over the last several decades; for example, the 5-year
relative survival rate for chronic myeloid leukemia increased
from 22% in the mid-1970s to 71% for those diagnosed
from 2011 through 2017.} Similar to the solid malignan-
cies, however, there are significant disparities in incidence
and survival for patients with hematological cancers across
racial and ethnic groups.74

There is limited understanding of the origins of these
malignancies and risk factors. The association between ex-
posure to ionizing radiation and leukemia is well established,
and cigarette smoking is also a known risk factor for leuke-
mia.” Recent evidence suggests that lower fruit and vege-
table consumption may contribute to risk for non-Hodgkin
lymphoma.”®

Studies on the role of modifiable risk factors in he-
matological cancer prognosis are also limited. Seven of
the systematic reviews, meta-analyses, and large pooled
cohort and clinical trials in survivors that met our crite-
ria included patients with hematological cancers. In these
systematic reviews, which included several cancer types,
patients with hematological cancers comprised a small
proportion of the total number of patients and studies in
the analyses.

Anthropometric parameters

In the pooled analysis of 22 clinical trials by Greenlee et
al,35 one trial in patients with acute myelogenous leukemia
and one trial in patients with non-Hodgkin lymphoma
were included, and BMI at the time of cancer diagnosis
was not significantly associated with prognosis in either
study.

Physical activity

In a systematic review and meta-analysis of the association
between physical activity and mortality that included 136
studies and 11 cancer sites, Fredenreich et al* reported that
a protective effect of prediagnosis physical activity was ob-
served in 6 studies of patients with hematological cancers
(described as leukemia, lymphoma, myeloma, and other
hematopoietic cancers; HR, 0.82; 95% CI, 0.76-0.90).
Postdiagnosis physical activity was not significantly as-
sociated with mortality in the single study that examined
that relationship in patients with hematological cancers.
Postdiagnosis sedentary behavior was not associated with
mortality in the single study of patients with hematologi-
cal cancers in a systematic review and meta-analysis of 33
studies of that relationship in various cancer sites by Swain
etal.¥

Diet

Two studies of patients with non-Hodgkin lymphoma were
included by Jochems et al*® in their systematic review of pa-
tients with common cancers who had a 10-year survival rate

CA CANCER J CLIN 2022;72:230--262

of >50% to examine the association between dietary pat-
terns/indices and food groups and mortality/cancer recur-
rence. Evidence for associations between dietary factors and
mortality in the patients with non-Hodgkin lymphoma in
those 2 studies was inconsistent. A systematic review and
meta-analysis by Molina-Montes et al* of 26 studies of
plant-based dietary patterns and cancer-related mortality
or survival did not include any patients with hematologi-
cal cancers among their postdiagnosis cohorts. The associa-
tion between fruit and vegetable consumption and cancer
recurrence, mortality, and all-cause mortality in 28 studies
of patients with cancer was the focus of a systematic review
and meta-analysis by Hurtado-Barroso et al® that included
3 studies of patients with non-Hodgkin lymphoma. Null
results for prediagnosis vegetable and fruit consumption in
relation to survival from non-Hodgkin lymphoma or any
cause were reported for those studies.

Alcohol

A meta-analysis by Schwedhelm et al* of 117 cohort
studies that investigated the effects of adherence to diet
quality indices, dietary patterns, and food and beverage
consumption on overall mortality and cancer recurrence
among adult cancer survivors included patients with non-
Hodgkin lymphoma (but not other hematological cancers)
across 4 studies. In a meta-analysis of those 4 studies, the
highest versus lowest prediagnosis alcohol consumption
was associated with higher mortality (HR, 1.33; 95% ClI,
1.10-1.63), but associations with other dietary patterns
or foods were not observed. Although 3 of the 4 stud-
ies controlled for smoking, only one examined alcohol as-
sociations stratified by smoking history; in that study, no
association of alcohol consumption and mortality among
nonsmokers was observed.

Summary

There is some evidence for a protective effect of prediagnosis
physical activity and an adverse effect of prediagnosis alco-
hol intake on prognosis in patients with hematological can-
cers, although confounding by tobacco should be ruled out.
Evidence is sparse and does not support benefits of dietary
recommendations for these patients at this time, and further
research is needed.

Childhood Cancer

The ACS estimates that 10,470 children in the United
States younger than 15 years and 5480 adolescents (aged
15-19 years) will be diagnosed with cancer in 2022; and
1050 children and 550 adolescents will die from the dis-
ease.” Although general diet and physical activity recom-
mendations for children being treated for cancer are largely
similar to the recommendations for adults outlined in this
guideline, a unique concern for children is to maintain nor-
mal growth and development during and after treatment.
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Nutrition and physical activity guidelines for cancer survivors

Families should work closely with dietitians, rehabilitation
specialists, and physical therapists at their cancer treatment
facility for dietary intake and physical activity recommenda-
tions tailored to the child’s specific needs to maintain appro-
priate growth and development milestones.

Significant advances in the treatment of childhood
cancers over the past 50 years have dramatically improved
long-term survival rates. Survival rates vary by cancer site
and treatment regimen, but current overall 5-year survival
rates are 85% among children and 86% among adolescents.
As a result, there are currently more than 400,000 survivors
of cancers diagnosed during childhood and adolescence liv-
ing in the United States.? However, because of the intensity
of the chemotherapy and/or radiation regimens that have
been used to treat many types of childhood cancers in the
past, survivors of childhood cancer have been found to be
at higher risk of developing chronic health conditions, such
as CVD and second cancers.”” Childhood cancer survivors
also tend to experience these chronic health conditions at
earlier ages compared with people who do not have a history
of cancer.”® Therefore, efforts to prevent or delay the devel-
opment of these conditions by maintaining a healthy body
weight, making healthy dietary choices, and engaging in reg-
ular physical activity are especially important for survivors
of childhood cancer. Fortunately, the risk of these secondary
chronic health conditions is decreasing as treatment regi-
mens with lower toxicity profiles have become available.”*”?

Research on the role of diet and physical activity in min-
imizing the risk of chronic health conditions and improving
overall outcomes for survivors of childhood cancers is cur-
rently limited. A systematic review and meta-analysis of 136
observational studies or randomized trials examining predi-
agnosis and postdiagnosis physical activity by Friedenreich
et al*® found only one study of childhood cancer survi-
vors. That large study of 15,450 adult participants in the
Childhood Cancer Survivor Study found that individuals
who reported regular postdiagnosis exercise had significant
reductions in the risk of all-cause mortality and cancer re-
currence compared with those who did not exercise regularly
postdiagnosis.

The recommendations outlined in this document are
consistent with the Long-Term Follow-Up Guidelines for
Survivors of Childhood, Adolescent, and Young Adult Cancers
(version 5.0, October 2018) from the Children’s Oncology
Group,80 which recommend that survivors of childhood
cancers maintain a healthy body weight and make healthy
choices about diet and exercise to reduce the risk of certain
types of adult cancers and other chronic health conditions.

Recommendations and Summary of Evidence
Cancer survivors can benefit from diet and physical activ-
ity assessment and counseling across the continuum of

TABLE 1. American Cancer Society Guideline on Diet and

Activity for Cancer Survivors 2022

General recommendations for cancer survivors:

o Nutritional assessment and counseling should begin as soon as possible
after diagnosis, with the goal of preventing or resolving nutrient deficien-
cies, preserving muscle mass, and managing side effects of treatments that
may adversely affect nutritional status.

e Physical activity assessment and counseling should begin as soon as
possible after diagnosis, with the goal of helping patients prepare for
treatments, tolerate and respond to treatments, and manage some cancer-
related symptoms and treatment-related side effects.

Recommendations to improve long-term health and increase the likelihood of
survival:

e Avoid obesity and maintain or increase muscle mass through diet and
physical activity.

e Engage in regular physical activity, with consideration of type of cancer,
patient health, treatment modalities, and symptoms and side effects.

e Follow a healthy eating pattern that meets nutrient needs and is consistent
with recommendations to prevent chronic disease.

e Follow the general advice of the American Cancer Society Guideline for
Diet and Physical Activity for Cancer Prevention to reduce risk of a new
cancer.

survivorship, from diagnosis and treatment through long-
term health and survival postdiagnosis. Table 1 summarizes
general recommendations that are supported by current sci-
entific evidence.

Nutritional counseling can help to manage treatment-
related side effects, such as nausea, vomiting, and appetite
loss, and thus prevent nutrient inadequacies and loss of mus-
cle mass caused by these side effects. Many cancer survi-
vors are able to exercise before, during, and after treatments,
although some short-term restrictions may apply after
major surgery or stem cell transplantation. Physical activity
during and after treatment can improve anxiety, depressive
symptoms, fatigue, physical functioning and health-related
quality of life. The American College of Sports Medicine
provides guidance on specific doses of aerobic and resistance
training that could improve these common cancer-related
health outcomes.'* Individual physical activity recommen-
dations may need to be adapted in consideration of patient
health and treatment-related symptoms and side effects be-
cause of potential impacts on exercise tolerance and safety.
The ultimate aim is to achieve the current physical activity
recommendations for health (150-300 minutes per week of
moderate-intensity or 75-150 minutes per week of vigorous-
intensity physical activity, and muscle-strengthening activi-
ties on 2 or more days a week). There is insufficient evidence
for an association between alcohol intake and overall and
cancer-specific mortality across all cancer types to warrant
a general recommendation that is specific for cancer sur-
vivors. However, there are some types of cancer for which
this association has been observed. Also, alcohol intake is an
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TABLE 2. American Cancer Society Guideline on Nutrition
and Physical Activity for Cancer Prevention

Recommendations for Individuals

1. Achieve and maintain a healthy body weight throughout life.

o Keep body weight within the healthy range and avoid weight gain in
adult life.

2. Be physically active.

o Adults should engage in 150-300 min of moderate-intensity physical
activity per wk (or 75-150 min of vigorous-intensity physical activity);
striving to meet or exceed the upper limit of 300 min is ideal.

o Children and adolescents should engage in at least 1 h of moderate-
intensity or vigorous-intensity activity each d.

e Move more and sit less.
3. Follow a healthy eating pattern at all ages.

o A healthy eating pattern includes:
o Foods that are high in nutrients in amounts that help achieve and
maintain a healthy body weight;
o A variety of vegetables—dark green, red, and orange, fiber-rich
legumes (beans and peas), and others;
o Fruits, especially whole fruits with a variety of colors;
o Whole grains.

o A healthy eating pattern limits or does not include:
o Red and processed meats;
o Sugar-sweetened beverages;
o Highly processed foods and refined grain products.

4. It is best not to drink alcohol.

e People who do choose to drink alcohol should limit their consumption
to no more than 1 drink per d for women and 2 drinks per d for men.

established cause of several types of cancer, so the avoidance
of alcohol consumption is among the recommendations for
cancer prevention and thus is relevant to reduce risk for a
new cancer in cancer survivors.

The ACS guideline for diet and physical activity for
cancer prevention recommendations are listed in Table 2.
The summary of evidence for adiposity, physical activity,
diet, and alcohol after diagnosis for specific cancer types
is presented in Table 3. In summarizing the findings, only
systematic reviews that met the guideline methodology
for inclusion and that identified a significant association
are listed. Importantly, the table calls attention to the lack
of quality systematic reviews for many cancers, suggesting
additional research is needed to advance recommendations
going forward.

Late Effects and Patient-Reported Outcomes:
Issues Affecting Uptake of Physical Activity
and Nutrition Guidelines

Adopting healthy behaviors for diet and physical activ-
ity can have many positive impacts on quality of life and
symptoms related to cancer treatment. For example, exer-
cise can improve quality of life®" and specific symptoms,
such as fatigue.82 Structured exercise programming may
also be a strategy to improve cardiovascular fitness after

CA CANCER J CLIN 2022;72:230--262

cancer therapy.®® Some studies have specifically confirmed
that adherence to the previous version of the ACS guideline
for physical activity and nutrition for cancer survivors can
improve health-related quality of life®* and reduce the risk
for the development of metabolic syndrome.gs The latter is
significant because metabolic syndrome also increases risk
for other comorbidities, including diabetes and CVD, which
remains a leading cause of morbidity and mortality in the
United States, even among cancer survivors.*®

Health Promotion Counseling in Cancer Survivors

Individuals with a history of cancer are not necessarily fol-
lowing nutrition and physical activity guidelines to a greater
extent than their peers without a cancer history when it
comes to meeting current recommendations for healthy
behaviors.”** Gaps in assessing and counseling survivors
on dietary91 and alcohol intakes’® and physical activi'fylz’13
may be partly to blame. Even those cancer survivors with
known risk factors for CVD report not having discussions
about health promotion with their health care providers.93
Counselors should tailor communications and strategies ap-
propriate to the health literacy and numeracy of the individ-
ual to improve accessibility of information. Health literacy
can be influenced by many factors, including age, education,
cognitive abilities, and language. For example, older indi-
viduals may have more limited health literacy and numeracy

compared with their younger counterparts.94

Late and Long-Term Effects Can Serve as Barriers
to Guideline Adherence

Adherence to the ACS guideline among cancer survivors
is suboptimal. An RCT of breast cancer survivors demon-
strated only moderate adherence.”® The reasons for this in-
adequate adherence to diet and physical activity guideline
recommendations are varied. To some extent, they may not
differ from those of individuals without a history of cancer,
such as sociodemographic factors, time, or access to resources.
However, the late and long-term effects of cancer themselves
may function as barriers to adopting healthy behaviors and
be underrecognized in the cancer survivor population. A re-
cent survey found that late and long-term effects of cancer
treatment may overshadow other barriers,”® and this may
be especially true for the implementation of physical activ-
ity recommendations.”® ™’ Peripheral neuropathy, sequelae of
avascular necrosis, cardiomyopathy, or other functional im-
pairments, such as partial limb amputations or lymphedema,
may provide unique risks for certain types of physical activity.

The Role of Patient-Reported Outcomes

The wide range of late and long-term effects of cancer and
its treatment together with the documented importance of
adopting healthy diet and physical activity behaviors neces-
sitates an individualized approach to assessing for possible
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Nutrition and physical activity guidelines for cancer survivors

barriers. PROs offer a way to do this in clinical practice in a
systematic fashion. A wide array of PROs relevant to cancer
survivorship care is available.'*1%!

These could be used to help assess the effectiveness of

Cancer survivors experience multiple symptoms, and
symptom burden is a key modifiable barrier to the adoption
of healthy behaviors. 1217 Many symptoms linger into the
posttreatment period and may last up to 10 or more years
after completion of cancer treatment.' %1% For example,
among patients completing chemotherapy, the median se-
verity of pain and fatigue was 6 on a zero to 10 scale,'®® and
sustained levels of these symptoms remain over the course
of a year after the diagnosis of cancer.'” This transitional

mortality after lung cancer diagnosis

period may be an opportune time for intervention. Others

ADIPOSITY
o Qbesity is associated with lower overall

have documented persistent pain and peripheral neuropa-

3 interventions designed to improved long-term cancer out-
x oqe . . . . .
S comes. Prehabilitation'® in cancer care, which is a proactive
—
< approach to cancer treatment and focuses on using baseline
- assessments to help guide interventions to improve out-
S : :
E comes, may provide a good model for doing so. Although
[$] ., . . .
S traditionally focused on improving short-term outcomes
(2]
s o during cancer treatment, a recent systematic review of pre-
—_ =
RS habilitation programs described both the potential for and
S 3 . e e . 1
5 £ limitations of current prehabilitation interventions'® to help
© 5 . . . 1. . .
e 3 affect long-term outcomes in survivorship. Prehabilitation in
g B combination with posttreatment rehabilitation efforts may
% g s be more effect11(§/36 at reducing morbidity and adverse clin-
2 g ical outcomes.”~ Notably, individuals with comorbid con-
g 2 ditions other than cancer were largely excluded from many
©
. . . e . 1
8 s studies evaluating the impact of prehabilitation programs.'®®
L .. . .. .
e 9 But the significant prevalence of comorbid conditions in
c (&)
° 3 patients with cancer'® and the variation of these comor-
' ER bidities further highlight the need for an individualized ap-
o T ° kS . . .
5% 2 3 proach. Other organizations, such as the American Heart
255 < o« e . o .
2253 o 3 Association, recognizing the importance of CVD as both a
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Z|%q 3 = < otential significant late effect of cancer treatment as well
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AL 2 8 1 bid condition, have published guid
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S|8Zo% w5 . . 105
213855 3 g outcomes for patients with cancer.” > Therefore, there are
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7 =" § ¢ clinical guidelines.
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Abbreviations: ADT, androgen-deprivation therapy; AHEI, Alternative Healthy Eating Index; BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension.
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823 thy."'%12 The completion of chemotherapy regimens was
S oe QJN .
g oy rated as moderately to extremely stressful by 48% of breast
025 y y y
= C ~N
geZY cancer survivors'?”!% and >60% had problems with fatigue
» T o .
E3ERN and sleep.” Depressive symptoms were reported by 67% of
= cS o= . .
° S 8EZ cancer survivors''* and, between 2010 and 2013, in total,
=} [T
£ 522 2 2.5 million cancer survivors in the United States were taking
SR . . . . . ...
§ <583 medications for depression, anxiety, or both.®® Disparities
© S LS & . . . . .
= E S| E5gE8 with these PROs exist, with Hispanic and Black cancer
. o Ecl o, . . .
o8 2|858%% survivors often reporting higher numbers of symptoms and
=) E3x% . . . . .
@ | %|S g 2 2% 8 greater psychological distress than non-Hispanic Whites.!®
(&) 4 T c oS
= Free Latinas report an average of 5.5 symptoms (range, 1-12),
252 CA: A Cancer Journal for Clinicians

851807 SUOWIWIOD aAIIERID 3|l dde aup Aq peuienob ake Ssoile YO @SN JO S3|ni Joj Afeld]8UIIUO /8|1 UO (SUOIIPUOD-PUB-SLLBIALI0O" A8 1M AReJq Ul [UO//Say) SUORIPUOD pue Swie | a4} 8eS *[£202/T0/y2] Uo AriqiTaulluo A8 IM 'WNIDT3E - A1V FONIAIAT Aq 6T.TZ 98e0/22EE 0T/I0p/W0d" Aa 1M Ate.q Ul ju0'S euIN0sIe//:Scny Woy pepeojumod '€ ‘2202 ‘€98rZhST



with these symptoms associated with poor adherence to
national guidelines for nutrition and physical activity to
prevent cancer.''*? Recognizing that symptoms may be a
barrier to the adoption of healthy behaviors, integrated ap-
proaches that manage symptoms while promoting the up-
take of healthy behaviors are needed to optimize long-term
outcomes for survivors.

Health Disparities and Health Equity for Cancer
Survivors

Cancer survivors face physical, emotional, psychosocial,
and financial challenges as a result of cancer diagnosis
and treatment.!?1%2 Although all survivors face these
challenges, certain groups remain disproportionally af-
fected. For instance, cancer survivors from rural areas,
particularly Black and American Indian populations, ex-
perience greater poverty and racism—both systemic and
structural—and often lack access to culturally competent
care in accordance with guidelines, including availabil-
ity, accessibility, and affordability of health care services,
which results in lower survival.!?} Hispanic individuals
have the lowest health insurance prevalence of any racial
and/or ethnic group124; many individuals may be undocu-
mented and have unique challenges when accessing health
care, particularly cancer care. Cancer health disparities,
defined as measurable differences in cancer outcomes in pop-
ulation groups, continue to be a significant public health
concern in the United States.'?® Cancer health dispari-
ties research in cancer survivors to date has largely focused
on racial, ethnic, and rural populations. Research in health
disparities is expanding to include disparities by age, sex-
ual orientation and gender identity, social determinants of
health (eg, access to care, language, health literacy, edu-
cation), socioeconomic status, environmental exposures,
and geogmphy.125 This inclusive approach has highlighted
the importance of health equity, in which everyone has a
fair and just opportunity to prevent, find, treat, and sur-
vive cancer. *” From this perspective, health disparities are
preventable results of structural discrimination and mar-
ginalization that, if left unaddressed, will continue to rein-
force inequities in health outcomes. >
ASCO released a policy statement in 202

port reductions in health disparities and improvements in

0'% to sup-

health equity in cancer care. That statement provides rec-
ommendations in key areas, including ensuring equitable
access to high-quality care, ensuring equitable research, ad-
dressing structural barriers (eg, promoting workforce diver-
sity, community partnerships, and addressing institutional
discrimination), and increasing awareness and action (eg,
policy solutions). Before this statement, in 2017, ASCO
provided a position statement for sexual and gender mi-
nority populations as well as including recommendations

CA CANCER J CLIN 2022;72:230--262

for increased patient education and support, workforce
development and diversity, quality-improvement strate-
gies, policy solutions, and research strategies.127 In 2020,
the American Association for Cancer Research inaugu-
ral Cancer Disparities Progress Report was published.lzg’129
That report provided specific recommendations for re-
search to improve cancer health disparities for individuals
who receive suboptimal access and cancer care treatment
to improve health equity. This includes providing a robust,
sustained, and predictable funding increase for the fed-
eral agencies and programs that are tasked with reducing
cancer health disparities; implementing steps to ensure
that clinical trials include a diverse population of partic-
ipants; supporting programs to make sure that the health
care work force reflects and appreciates diverse commu-
nities it serves; prioritizing cancer control initiatives;
and working with members of the Congressional Tri-
Caucus, (comprised of the Congressional Asian Pacific
American Caucus, the Congressional Black Caucus, and
the Congressional Hispanic Caucus) to pass provisions in-
cluded in the Health Equity and Accountability Act.

Reducing cancer disparities and achieving health equity
is an overarching goal of the ACS and the ACS Cancer
Action Network."** The ACS and the ACS Cancer Action
Network health equity principles are evidence-based and
categorized into the areas of people, place, and partner-
ships. Within the context of people, it is recommended to
use a mixed-methods approach, eg, use quantitative and
qualitative data to identify populations at greatest need and
prioritize research in this area. This includes embracing di-
versity and inclusion by accepting, respecting, and valuing
different people and creating an inclusive and collaborative
environment with communities that are affected by health
disparities. Place includes addressing structural and social
determinants of health; understanding the historical, social,
cultural, and economic history of communities before align-
ing research, events, programs, and policies that may impact
them; and implementing sustainable community solutions.
Finally, partnerships leverage the power of volunteers, engag-
ing partners in different sectors and preventing and address-
ing unintended consequences in populations affected by the
development, evaluation, and implementation of solutions.
Addressing unintended consequences ensures that gaps in
health disparities are not widened but advances health eq-
uity efforts.

As part of addressing social determinants of health, it
is important to consider food insecurity, which is defined
as the disruption of food intake or eating patterns because of
lack of money and other resources.”! According to the US
Department of Agriculture’s Economic Research Service,!*
10.5% of all US households experienced food insecurity
throughout 2019. The prevalence of food insecurity is twice
as high among Hispanic and Black individuals compared
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Nutrition and physical activity guidelines for cancer survivors

with non-Hispanic White individuals. Furthermore, 34.5%
of households with incomes below the federal poverty line
experienced food insecurity. Data on food security among
cancer survivors are scarce. A study by Charkhchi et al!¥3
using data from the Behavioral Risk Factor Surveillance
System showed that patients with cancer had a higher like-
lihood of experiencing food insecurity (odds ratio, 1.39; 95%
CI, 1.02-1.91) compared with individuals without chronic
conditions, even after controlling for sociodemographic
characteristics. Although data are lacking on levels of food
insecurity among patients with cancer for different sociode-
mographic groups, it is possible that inequities exist given
that food insecurity is influenced by factors such as income,
employment, disability, and race/ethnicity. For example, one
study by Gany and colleagues™*”"** of primarily Latino
(45%) and Black (41%) patients with cancer, the majority of
whom had incomes below the national poverty level (82%),
reported that 41% of patients were food-insecure, and 17%
had very low food security. Therefore, as a community, we
must recognize that, to meet dietary guidelines, we must ad-
dress food equity as a goal for all cancer survivors. Efforts
to screen for and address food insecurity among patients
with cancer and survivors need to be prioritized as a strategy
to eliminate continued disparities and inequities in cancer
outcomes.

As noted in the section below on community influ-
ences on survivor nutrition and physical activity, in this
guideline and the ACS guideline for cancer prevention,4
it is recommended that researchers, clinicians, and com-
munities work collaboratively at national, state, and local
levels to develop, advocate for, and implement policy and
environmental changes that increase access to affordable,
nutritious foods; provide safe, enjoyable, and accessible
opportunities for physical activity; and limit access to al-
coholic beverages for all individuals. However, we must
account for health inequities that cancer survivors face for
myriad of reasons, including social/cultural context, food
insecurity, and environment (eg, neighborhood safety).
Ultimately, coordinated efforts, including policy changes
that address structural racism and barriers to engagement
in healthy behaviors, are necessary to reduce the burden
of cancer disparities and improve health equity across the
cancer care continuum.

Community Influences on Survivor Nutrition
and Physical Activity

A multitude of influences in community and clinical envi-
ronments affect a population’s diet and physical activity, and
these influences have a similar impact on healthy behaviors in
both cancer survivors and the general population. Research
on these factors has been reviewed in the ACS guideline
for diet and physical activity for cancer prevention.* Briefly,

the factors include limited access to healthy food options
(and excessive access to foods of low nutritional value/high-
energy density) and resources/facilities to support exercise,
advertising, and promotion of nutrient-poor/energy-dense
foods and alcohol, and a built environment that discourages
physical activity.

Some of these issues may be particularly acute for can-
cer survivors. For example, the economic burden of cancer

diagnosis, treatment, and survivorship135’136

may contrib-
ute to food insecurity133 and an inability to access healthy
food or afford exercise or nutrition programs or counseling.
Survivors, particularly those living in small communities
and rural areas, may have difficulty finding programs that
meet their unique needs after cancer diagnosis. In an effort
to learn about healthy behaviors after cancer, many survi-
vors turn to the internet for information.*”?*® Evidence-
based information on nutrition and physical activity for
cancer survivors is available online through sources such
as the ACS, ACSM, and AICR. However, there is also
a plethora of misinformation on internet sites—and on
social media sites in particular.mg’140 Survivors report dif-
ficulty accessing credible nutrition information online!*®
and may be especially vulnerable to claims that specific
behavior changes can cure their cancer or extend survival.
One study of cancer-related nutrition and meal planning
content in Pinterest'*! found that a substantial propor-
tion claimed a particular food or recipe prevented, treated,
or cured cancer. Approximately one-half of those posting
content were for-profit, and only 35% of posts included a
disclaimer.'*! Without efforts by social media platforms to
flag and manage such misinformation, it is likely to flour-
ish and can potentially overwhelm the evidence-based in-
formation that exists.

Availability of Survivor-Specific Education and
Counseling for Diet and Physical Activity

Most cancer survivors prefer to receive information about
diet, alcohol, weight management, and physical activity
from their health care team,!”13%1%?
can positively influence behavior Changes.143’144 However,

and such discussions

culturally appropriate and relevant resources are often lack-
ing. Furthermore, many oncology care providers cite lack of
time as a barrier to providing counseling on these topics and
acknowledge that they have inadequate training and knowl-
edge about available resources." ™ Some cancer survivors
indicate that nutrition information obtained from providers
is often inadequate or conﬂicting.138

Resources exist to help guide providers in counseling
patients on healthy behaviors. For example, ASCO has
published a statement supporting oncology providers ad-
dressing obesity and healthy behaviors with pattients146

and has an online toolkit to help providers. ACSM has
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published guidelines for counseling cancer survivors about
exercise.”’ For such resources to be used more broadly
and integrated into the culture of cancer care, informa-
tion and skills training about nutrition, physical activity,
and weight management should be included in oncology
training and should become a part of continuing medical
and nursing education.

Oncologists and oncology nurse professionals are un-
likely to have the time and training to provide everything
a survivor needs to make behavior change. Effective and
reliable professionals and programs are needed to provide
ongoing support for survivors’ behavioral changes. The
Academy of Nutrition and Dietetics has an Oncology
Nutrition Dietetic Practice Group for RDNs or Registered
Dietitians working in oncology, but a survey conducted

118 of these professionals highlighted the

by Trujillo et a
limitations of current resources. The survey found that the
ratio of RDNss to patients with cancer in responding can-
cer centers was 1:2308, which was much lower than the
1:120 ratio recommended for each patient with cancer to
receive evidence-based care to improve quality-of-life and
nutrition outcomes.'*® Similar workforce shortages are
evident for exercise professionals. ACSM has a specialty
certification for Cancer Exercise Trainer, but the number
of professionals certified by these programs is insufficient
to meet the needs of the growing population of patients
with cancer and cancer survivors.

Nutrition and Physical Activity Programs: Who
Pays?

Insurance coverage for diet and physical activity services
and programs is limited, which is a major factor influenc-
ing their availability and accessibility for cancer survivors.
For individuals with documented health needs, insurance
coverage for rehabilitative services, which can include ex-
ercise to improve physical conditioning, is required under
the Essential Health Benefit regulations of the Affordable
Care Act." However, this requirement only applies to
certain types of private insurance plans, and access to these
services can still be limited by cost in the form of copay-
ments or deductibles. There is no coverage requirement
for oncology nutrition services in the Affordable Care
Act; and, although some insurance plans cover oncology
nutrition, the Centers for Medicare & Medicaid Services
programs, which cover a large proportion of cancer sur-
vivors, do not. Most cancer centers do not bill for these
services,'*® and nutrition and physical activity counseling
and programs are typically covered by overhead or phi-
lanthropy and thus may be vulnerable to cutbacks, par-
ticularly during difficult financial times. This lack of a
sustainable payment model limits the availability of ser-
vices.">!* Diet and physical activity services outside of

CA CANCER J CLIN 2022;72:230--262

the clinical setting are not typically covered by private
health insurance or Medicare, although some community
organizations provide exercise programs for patients with
cancer and survivors at low or no cost, usually supported
by philanthropy (eg, Livestrong at the YMCA).130-152

There are several opportunities to increase access to
programs for patients with cancer and survivors. Payment
models are moving from traditional fee-for-service pay-
ment systems toward systems that focus on value-driven
care, which rewards improved care quality and reduced costs.
These models may incentivize the delivery of physical activ-
ity, nutrition, and weight management services to patients,
particularly if quality measures used to justify value are ex-
panded to include measures focused on physical functioning,
nutritional status, and weight status. Additional research is
needed on the effectiveness and cost-effectiveness of vari-
ous behavior-change programs and services for cancer sur-
vivors, including determining which programs and services
are most effective for whom and how these services affect
the value equation.ls3 Engagement of payers is needed in
the formulation of research questions so that research results
can better inform their decisions about benefit design and
coverage.

Clinical Care Coordination

The benefits of incorporating and continuing healthy be-
haviors after a diagnosis of cancer are clear and have been
presented in this guideline. To ensure that individuals with a
history of cancer are benefitting from evidence-based guid-
ance regarding physical activity and diet, health care pro-
viders must be proactive about assessing health behaviors
in these individuals, counseling, and referring to appropri-
ate health care professionals and evidence-based programs.
Doing so presents multiple challenges and opportunities for
care coordination.

Primary Care and Oncology

It is well known that coordination of cancer survivorship
care between oncology and primary care is challenging for
a variety of reason3154'156; however, consistent messaging
with regard to healthy behaviors over the course of the sur-
vivorship trajectory by both specialties could go a long way
toward facilitating needed support for cancer survivors.
Currently, this messaging is not happening in a system-

atic fashion. Instead, health behavior counseling appears
1 118,157-159

1158

to depend on several factors if it happens at al
A 2009 survey of CRC survivors by Haggstrom et a
suggested that this type of counseling was more likely to
happen at primary care follow-up visits versus oncology
follow-up visits. Survivors who are younger or more edu-
cated, as well as those with more comorbidities, may be

more likely to receive advice about health behaviors,159 but
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even young cancer survivors have indicated that their in-
formational needs around diet and physical activity are not
being met.'® There is some evidence that cancer survivors
may not be receiving this advice as often as those individu-
als without a history of cancer.™"

Although oncology teams and primary care teams have
their own competing demands for clinical care, each type
of provider is uniquely positioned to reinforce the im-
portance of physical activity and healthy dietary choices
to their patients living with and beyond cancer. Smith
et al,'%% in a recent survey of long-term cancer survivors,
suggest that shared care is the preferred approach in gen-
eral for the majority of survivors, whereas primary care
follow-up is favored slightly when it comes to the provi-
sion of preventive care and the management of comorbid
health conditions.

Approaches to Facilitate Shared Health Promotion
Activities for Cancer Survivors

To promote a shared care approach for the health promotion
of cancer survivors, there are a few approaches to consider.
First, there must be concerted efforts to promote educa-
tion among oncology and primary care professionals about
the benefits of dietary and exercise interventions for cancer
survivors. Second, strategies that can be used in clinical set-
tings have been proposed to assist teams caring for cancer
survivors to assess and promote healthy behaviors, includ-
ing developing systems to routinely assess these behaviors
in patients with cancer, reassess these behaviors at regular
intervals, and advise and arrange mechanisms to optimize
survivors’ likelihood of engaging in efforts to improve their
diet, activity, and related cancer-preventive health behav-
iors.1031%* Recent changes to the Commission on Cancer
survivorship care program accreditation provide an oppor-
tunity to expand such services, although it is important to
emphasize that most patients are not receiving their care
in such settings. Cancer prehabilitation initiated before the
initiation of cancer treatment, oncology rehabilitation dur-
ing and after cancer treatment, and cardio-oncology reha-
bilitation'® include approaches that advocate for using
baseline assessments to help guide and plan tailored, struc-
tured exercise programming (and may also include dietary
recommendations). Importantly, referrals are happening at
a rate far below what would be anticipated given the known
prevalence of such symptoms: a circumstance that must be
addressed.'® Third, technology can serve to promote coor-
dination in diet and exercise counseling and interventions.
For example, electronic health records can have integrated
prompts to ask patients about exercise and/or provide links
to an algorithm to refer to an appropriate level of exercise su-
pervision.164 Such strategies may also be useful for nutrition
counseling. When primary care physicians and oncologists,

as well as other health care providers, use the same electronic
health record system, this can lead to multiple touch-point
opportunities. Furthermore, electronic health records could
have built-in decision support tools that can guide referral
touch points. Expanding the base of health care profes-
sionals, including oncology nurses, Registered Dietitians,
exercise physiologists, and rehabilitation specialists, will
also facilitate referrals. The use of telehealth offers greater
capacity through remote consultation with appropriate pro-
fessionals, whose numbers may be limited in rural or under-

1
served areas.'®°

Reaching Beyond the Clinic for Maximal Impact

Finally, given the known strains the oncology workforce is
already facing to care for cancer survivors well into the sur-
vivorship phase,167 nutrition and physical activity interven-
tions must use all possible resources, including those available
not solely in oncology and/or primary care settings but also

those in the community.'®®

Home-based and community-
based programs show promise to help with health promo-
tion efforts for cancer survivors, although the evidence base
is still growing.169

To ensure that any interventions or practice adaptations
implemented for cancer survivors do not increase health
disparities for those who live in communities at risk (eg,
medically underserved and/or rural communities where
evidence-based resources are more scarce) or for those sur-
vivor populations that are under-represented in cancer sur-
vivorship research, strategies exist to help build an evidence
base that closes these gaps. For example, the inclusion of

17040 re-

community-based participatory research methods
search and program development could be an effective strat-
egy to ensure that all voices, perspectives, and communities
are being considered. And dissemination and implementa-
tion research expertise are crucial to encourage broader ex-
ternal validity and pragmatic considerations when it comes

to translating evidence into clinical practice.

Closing Comments and Relevant Issues

Several factors constrain the development of a comprehen-
sive guideline for reducing risk for recurrence and mortality
among cancer survivors. Although systematic reviews with
meta-analysis provide one of the higher levels of scientific
evidence in research, high-quality evidence for associations
from systematic literature reviews, meta-analyses, pooled
analyses, and randomized controlled trials is limited for can-
cers that are less common and/or have low survival rates. For
all cancers, systematic reviews are inherently limited by the
heterogeneity of the studies available for inclusion, which
turther limits the ability to conduct meta-analyses of the
data. In addition, systematic literature reviews and meta-
analyses combine studies that may or may not adequately

256

CA: A Cancer Journal for Clinicians

851807 SUOWIWIOD aAIIERID 3|l dde aup Aq peuienob ake Ssoile YO @SN JO S3|ni Joj Afeld]8UIIUO /8|1 UO (SUOIIPUOD-PUB-SLLBIALI0O" A8 1M AReJq Ul [UO//Say) SUORIPUOD pue Swie | a4} 8eS *[£202/T0/y2] Uo AriqiTaulluo A8 IM 'WNIDT3E - A1V FONIAIAT Aq 6T.TZ 98e0/22EE 0T/I0p/W0d" Aa 1M Ate.q Ul ju0'S euIN0sIe//:Scny Woy pepeojumod '€ ‘2202 ‘€98rZhST



address confounding. Pooled analyses of original data can
more readily address potential issues of confounding and bias.
Systematic literature reviews on the relationship between al-
cohol intake and survival (except for breast cancer) are par-
ticularly limited.

Reliance on BMI as an indicator of adiposity, which is
the most common anthropometric parameter examined in
clinical and epidemiological studies, is inherently limited.
This indicator does not differentiate between lean and fat
tissue mass and does not provide information about the
amount or location of adiposity. Body fat distribution and
low skeletal muscle mass likely contribute to mortality in
cancer survivors, and relevant high-quality data on these
measures are limited. More research is needed to evaluate
the complex interactions between body composition and
cancer progression, recurrence, site-specific mortality, and
all-cause mortality. Moreover, future research should expand
beyond body composition to include other components of
health-related fitness such as aerobic fitness, muscular fit-
ness, flexibility, and balance.'”?

There is a need to expand the evaluation of physical ac-
tivity and risk for recurrence and mortality among survivors,
including type of activity, dose, intensity, and time frame,
across the cancer survivorship continuum. More system-
atic literature reviews and meta-analyses of dietary patterns,
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