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INTRODUCTION

The global burden of cancer is high and is increasing. Cancer 
contributes to one in eight deaths worldwide and has overtak-
en cardiovascular disease as the leading cause of death in 
many parts of the world [1]. Given the costs and challenges 
of treatment, identifying and adopting strategies for cancer 
prevention are becoming a necessity. Between 30% to 50% 
of all cancer cases are estimated to be preventable through 
reduced exposure to tobacco, occupational carcinogens, and 
infectious agents, and adoption of lifelong healthy eating and 
a physically active lifestyle [2]. In 2018, the World Cancer Re-
search Fund (WCRF) and American Institute for Cancer Re-
search (AICR) published the Third Expert Report, Diet, Nutri-
tion, Physical Activity and Cancer: A Global Perspective [3]. 
An important aspect of this latest report is a shift in emphasis 
from effects of specific foods and nutrients to a more holistic 
focus on patterns of diet and physical activity. Although pub-
lic health recommendations typically include these broader 

messages, research is often lacking in direct support of this 
complexity. 
	 Diet is a complex exposure composed of myriad potentially 
beneficial and harmful compounds that are rarely consumed 
in isolation, but rather as part of a matrix or pattern. It is be-
coming increasingly apparent that different patterns of diet 
and physical activity manifest in a metabolic and hormonal 
state that is more, or less, conducive to the acquisition of ge-
netic and epigenetic alterations. These alterations can lead to 
cellular structural and functional changes described in part by 
the hallmarks of cancer [4]. 
	 Cancer prevention research relies on a continuum of 
research methods to address the effects of diet and constit-
uents of diet (Fig. 1). Population-based, longitudinal cohort 
studies are an important approach to identify risk factors for 
cancer. A group (i.e., cohort) of unaffected individuals are 
well-characterized at baseline with regard to diet, physical 
activity, occupational and lifestyle factors and are followed 
prospectively, typically for decades, for cancer outcomes. The 
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findings from such observational studies are critical drivers of 
the experimental cancer prevention studies in animal models 
and humans. Foods or dietary constituents associated with 
cancer risk in cohort studies can be studied experimentally in 
animals to evaluate their effect on tumorigenesis. Similarly, 
mechanistic findings in cell systems and animals generate 
hypotheses tested in human interventions and cohort studies. 
For example, genetic variants in cells and rodent models may 
alter response to a dietary compound; such gene-by-diet in-
teractions can be tested in humans, both experimentally and 
observationally [5,6].

MECHANISTIC STUDIES OF DIET AND 
CANCER PREVENTION

To date, experimental studies in cell systems, animals and 
humans have expanded our understanding of the many 
mechanisms by which dietary constituents may increase or 
decrease cancer risk. These include, but are not limited to, 
modulation of inflammation and immune function, carcinogen 
metabolism, hormone and growth-factor regulation, DNA 
repair capacity, cell-cycle control, and proliferation and apop-
tosis [7]. However, few mechanistic studies in animal models 
have evaluated diets containing the complex mixtures of 
compounds that make up human diets. 
	 Most studies of diet and tumorigenesis in animal models 
use purified and semi-purified diets and modify amounts of 
one, or a few, specific nutrients or bioactives of interest at a 
time. Some studies have focused on combinatorial effects 
of nutrients on tumorigenesis, including testing factorially 
the interactions of several compounds [8]. In contrast, only 
a few studies of diet and cancer have fed human diets or 
diets with the equivalent level of complexity, to rodents [9-
11]. Identifying approaches to conducting interventions in 
animals that more closely align with the complexity of dietary 
patterns in humans is important for moving forward the field 
[12]. More parallel, co-clinical studies in animals and humans 

that address the effects of dietary patterns on cancer risk are 
needed to characterize the biological mechanisms by which 
diet, nutrition, adiposity, and physical activity affect cancer 
processes [13].
	 Dietary interventions in humans can be divided into two 
major categories: (1) basic experimental studies with humans 
or “human mechanistic studies,” and (2) individual and com-
munity-based intervention trials. The United States National 
Institutes of Health (NIH) distinguishes between these dif-
ferent categories of studies and application of them. Human 
mechanistic studies are defined as “designed to understand 
a biological or behavioral process, the pathophysiology of a 
disease, or the mechanism of action of an intervention” [14]. 
These include dietary interventions to answer basic science 
questions about normal function or characterize mechanisms 
of response to an intervention—how an intervention works. 
In contrast, intervention trials evaluate the effects of an inter-
vention on health-related biomedical or behavioral outcomes, 
with the objective of determining the clinical safety, tolerability, 
feasibility, efficacy and/or effectiveness of an intervention. 
	 Human mechanistic studies of dietary patterns, often con-
ducted as controlled feeding studies, are typically short-term 
interventions and rely on intermediate biomarkers (Fig. 2). 
We have applied these types of studies to understand the 
impact of several types of dietary patterns on metabolic and 
inflammation pathways important to cancer risk. With the goal 
to understand the physiologic effect of dietary acculturation, 
the process by which immigrants adopt the host-country diet 
and lifestyle, we tested whether a traditional Mexican diet, 
compared with a commonly consumed United States diet, 
would improve insulin sensitivity and lower biomarkers of 
low-grade chronic inflammation. In a randomized crossover 
feeding trial in first- and second-generation healthy women of 
Mexican descent, the Mexican diet improved glycemic con-
trol, while having no impact on biomarkers of inflammation 
[15]. Using a similar design, we have also tested the effects 
of feeding controlled low- and high-glycemic load diet pat-

In vitro

Animal models

Small-scale,
controlled interventions

human mechanistic
studies

Individual and community
interventions

efficacy or
effectiveness trials

Population-based
cohorts

Mechanisms
Specific nutrients/compounds
Genetic variation

Systemic effects
Food and diet
Genetic varation

Figure 1. A continuum of research 
approaches is used for studying diet 
and cancer prevention. Population- 
based cohorts followed longitudinally 
identify risk factors for cancer in 
humans. Diets, foods or dietary 
constituents associated with cancer 
risk in cohort studies can be tested 
experimentally in animals to evaluate 
their effect on tumorigenesis. Mecha
nisms identified in cell systems and 
animals can be followed up in human 
interventions and cohort studies using 
biomarkers of cancer-risk pathways. 
The impact of diet-gene interactions 
can be tested, both experimentally and 
observationally, across the research 
continuum.
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terns on cancer-risk biomarkers [16]. The low-glycemic load 
diet reduced serum C-reactive protein concentrations in par-
ticipants with high fat mass and favorably altered tryptophan 
metabolism, as measured by metabolomics [17]. Tryptophan 
is a precursor for many biologically important metabolites 
involved in neurotransmission, redox reactions, and inflam-
mation and immune responses. The low-glycemic load diet 
pattern, compared to the high-glycemic load pattern, reduced 
conversion of tryptophan to the proinflammatory branch of 
the kynurenine pathway [17].

CLINICAL TRIALS OF DIET AND CANCER 
PREVENTION

As defined by the Unites States NIH, clinical trials are hu-
man research studies in which participants are prospectively 
assigned to one or more interventions (which may include 
a placebo or other control) to evaluate the effects of those 
interventions on health-related biomedical or behavioral 
outcomes. In relation to studies of cancer prevention, the 
outcomes could be a particular cancer (e.g., colon cancer), a 
precursor lesion (e.g., adenomatous polyp), or intermediate 
biomarkers of cancer risk (e.g., blood or stool-based biomark-
ers) (Fig. 2). 
	 Experimental human studies of dietary patterns with 
cancer as the primary outcome are scarce. These types of 
studies need to be conducted over extended periods of time 

and therefore require behavioral interventions to change par-
ticipants’ diets. For example, the Women’s Health Initiative 
Dietary Modification Trial, a controlled clinical trial, tested the 
hypothesis that a low-fat dietary pattern compared to a usual 
dietary pattern would reduce the risk of breast and colorec-
tal cancers and coronary heart disease in postmenopausal 
women. Post-menopausal women (n = 48,836) were ran-
domized to intervention or control and followed for an aver-
age of 8.1 years. A low-fat dietary pattern intervention did not 
result in a statistically significant reduction in the risk of inva-
sive breast or colorectal cancer, although there were trends 
toward greater reduction in breast cancer [18,19]. Similarly, 
the PREDIMED (Prevención con Dieta Mediterránea) trial 
was designed to assess the intervention effects of two Med-
iterranean diets compared to a low-fat control diet on cardio-
vascular death, myocardial infarction and stroke (composite 
primary endpoint). Several secondary endpoints, including 
major cancers (colorectal, breast, lung, stomach, and pros-
tate), were also evaluated. This study randomized 7,447 par-
ticipants who were followed for a median of 4.8 years [20,21], 
but the study was stopped early, limiting study of the cancer 
outcomes. Nested studies using intermediate biomarkers of 
risk within trials such as PREDIMED have also provided a 
wealth of information on the effects of these diet patterns on 
inflammation and metabolism biomarkers (Fig. 2) [22].
	 Some cancers advance from detectable precursor lesions, 
such that reducing the number of precursor lesions can 
reduce cancer risk. For example, adenomatous polyps in 
the colon and rectum are a risk factor for colorectal cancer; 
removing the polyps lowers colorectal cancer risk [23]. By 
extension reducing development of polyps through lifestyle 
changes may lower cancer risk. To date, several counsel-
ing-based dietary interventions have attempted to reduce risk 
of colorectal adenoma recurrence, but intervention effects 
were not statistically significant [24-26]. 
	 The success of testing long-term intervention trials of can-
cer prevention requires participants to make diet and other 
lifestyle changes and adhere to them for years. Consequent-
ly, in the face of a sufficiently powered study of adequate du-
ration, it is often unclear whether the null effects of a dietary 
intervention were due to a biological lack of effect or issues of 
participant adherence to the intervention. Several prospective 
cohort studies have shown that greater adherence to WCRF/
AICR Recommendations is associated with greater reduction 
in risk of certain cancers, cancer in general, and cancer mor-
tality [27,28], supporting strong biological underpinnings of 
the recommendations. Thus, in order to conduct clinical trials 
requiring lifestyle changes, a better understanding of how and 
why successful behavior change occurs is critical to develop 
effective and efficient behavior interventions to reduce cancer 
risk. 
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Figure 2. Animal and human studies contribute to bridging the 
knowledge gaps in experimental diet and cancer prevention 
research. Leveraging the use of intermediate biomarkers in animal 
studies with cancer endpoints can help to inform approaches in short-
term human interventions with intermediate measures and provide 
mechanistic support for diet-cancer relationships. Adapted from Lampe 
and Hursting, 2015 [13].
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IMPLEMENTATION RESEARCH TO TEST 
PROGRAMS AND POLICIES

Substantial gaps also remain in cancer prevention implemen-
tation research. It has become evident that educating people 
about lifestyle factors that cause, or protect against, cancer 
and just making health recommendations are by themselves 
insufficient to bring about substantial, sustained changes in 
behavior. Implementing cancer prevention strategies requires 
programs and public health policies that encourage lifelong 
healthy eating and a physically active lifestyle. Thus, long-
term, it is important to develop a framework for evaluating 
programs and policies to assess their impact and effective-
ness [29,30].

SUMMARY

We have made substantial progress in identifying the risks 
and benefits of components of diet in relation to certain can-
cers; however, gaps remain in diet and cancer prevention 
research. More studies are needed across the continuum of 
cancer prevention research, from basic mechanistic research 
on the effects of diet patterns on fundamental biologic pro-
cesses to studies testing the efficacy of implementing life-
style-directed cancer prevention strategies. We need to make 
use of parallel, co-clinical studies in animals and humans to 
further mechanistic understanding of effects of diet patterns 
on cancer-related pathways. We need to develop and test 
new behavior-change approaches to identify culturally rel-
evant, effective ways to help individuals and communities 
adopt cancer-preventive lifestyles. Finally, we need to con-
tinue to implement research to test national and international 
programs and policies. 
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