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Cancer as a Metabolic Disease: 
Implications in Prevention and Treatment Strategies

Abstract

According to the World Health Organization, cancer is 
the second leading cause of death worldwide, with the 
economic burden estimated at over one trillion dollars in 
2010.1 Despite ongoing research and advances made in 
cancer prevention and treatment, such as those within 
organizations like the American Cancer Society,2 cures 
remain elusive. 

It is estimated that 30-50% of cancers can be prevented 
through lifestyle changes such as following a healthy 
diet and increasing physical activity,1 which are standard 
recommendations for the reduction of cancer risk.3 One 
treatment option gaining momentum is metabolic ma-
nipulation through dietary intervention. This strategy is 
utilized as an adjunct to increase the efficacy of current 
cancer therapies. Researchers in this area categorize can-
cer as a metabolic disease and capitalize on the cancer 
cell’s preference for glucose to promote the effectiveness 
of chemotherapy and radiation.4

This review will focus on the theory of cancer as a meta-
bolic disease with a discussion of how current treatment 
options can be optimized through diet to achieve meta-
bolic manipulation. The review will also explore the link 
between metabolic disease and cancer, focusing on the 
role RDNs can play in cancer prevention through diet and 
lifestyle interventions.

Introduction

Because cancer is a multifaceted disease, many treatment 
options exist and are tailored based on type, location, 
and cancer stage. Most cancers are usually treated with 
one or more of the following: chemotherapy, immuno-
therapy, surgical removal, radiation, and/or hormone 
therapy.5 Side effects from these treatments, such as nau-
sea and vomiting, fatigue, constipation, and hair loss, can 
drastically diminish an individual’s quality of life. More 
severe side effects can result in damage to organ systems, 
e.g. cardiotoxicity, hepatotoxicity, nephrotoxicity, oto-
toxicity, and peripheral neuropathy.6 Consequently, it is 
imperative to discover new ways to decrease healthy cell 
toxicity while simultaneously increasing efficacy in the 
destruction of cancer cells. One approach to treatment 
is utilizing the Warburg Effect to weaken cancer cells, 
allowing current treatments to be more effective at the 
same or lower doses.

The Warburg Effect: 
What is it, and why does it matter?

In 1924, German scientist Otto Warburg applied Louis 
Pasteur’s discoveries of microbial fermentation to his 
observations of cancer cells.7 Warburg noted that after 
cancer cells undergo aerobic glycolysis to create pyruvate, 
the cells will then ferment pyruvate into lactic acid (an 
anaerobic process) for energy, even in the presence of 
oxygen. Normal cells typically shunt pyruvate to the mi-
tochondria for oxidative phosphorylation (see Figure 1).7 
When comparing glycolysis (favored by cancer cells) to oxi-
dative phosphorylation (favored by healthy cells), glycolysis 
is ten times faster at producing cellular energy in the form 
of adenosine triphosphate (ATP)8 but is much less efficient 
in overall ATP production (approximately 2 ATP versus 
36 ATP produced, respectively, and a total of 38 ATP per 
molecule of glucose). Both Vander Heiden et al.7 and Lu 
et al.9 proposed that this metabolic ‘choice’ is not focused 
on cellular energy (ATP) production but rather the me-
tabolites of glycolysis that the cell needs for proliferation. 
In most tumors, glucose is abundant, and ATP generation 
is rarely a limiting step in cellular proliferation. The avail-
ability of other glycolytic intermediates providing carbon, 
such as nicotinamide adenine dinucleotide (NADH) and 
acetyl-CoA, can halt proliferation. By using pyruvate for 
lactic acid fermentation rather than oxidative phosphoryla-
tion, the cell creates a mechanism for the regeneration of 
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Chronic inflammation has gained traction as a risk fac-
tor for cancer and a by-product of nutrient-poor diets. 
Shen et al. identified several upregulated inflammation-
related pathways within both genetic and dietary 
models of non-alcoholic fatty liver disease progressing 
to hepatocellular carcinoma. This study highlighted the 
role obesity can play in cancer development and genetic 
repercussions observed from obesity.12 Lifestyle inter-
ventions, including a balanced nutrient-rich diet and 
exercise,13 decrease oxidative stress14 and consequently 
decrease cancer risk. Epidemiological studies indicate 
that a whole-foods dietary pattern, such as the Mediter-
ranean Diet, is possibly protective in the initiation and 
progression of cancers15 (see Table 1 for more specific 
recommendations). Thus, diet therapy should be the first 
line of defense against cancer.

Using metabolic pathways to treat cancer

Though the principles set out by Warburg were pub-
lished nearly a century ago, it is only in the last decade 
that we have seen them utilized as cancer treatments. 
Perhaps the most well-known pioneer in this field is 
Dr. Thomas Seyfried, who has outlined the Press-Pulse 
theory for using the ketogenic diet in combination with 
current treatment options to optimize efficacy.4 The 
ketogenic diet is high in fat, adequate in protein, and 
low in carbohydrate which leads to the production of 
ketone bodies from fats for energy metabolism and by 
definition provides very little glucose to all cells.16 Fasting 
and fast-mimicking diets (outlined in Table 1) produce 
similar changes in metabolism; however, they are also ac-
companied by a noticeable decrease in calories.17,18 The 
authors of the Press-Pulse theory describe the ketogenic 
diet as a ‘press’ on cancer cells, a stressor which weakens 
the cells due to their decreased metabolic flexibility and 
reliance on glucose. Current treatment options, such as 
chemotherapy or radiation, can then be applied as the 
‘pulse’ and will theoretically be more effective in killing 
the weakened cancer cells.4 Klement discusses the use of 
ketogenic diets as well as short-term fasting in conjunc-
tion with radiation and chemotherapy treatments, citing 
several ‘integrated treatment’ approaches under current 
investigation.19 

In vitro studies have investigated the use of medium- 
and long-chain triglyceride application on benign and 
cancerous cell lines with and without the presence of 
glucose. In mouse prostate cell lines, cancer cells had a 
decreased capacity to oxidize fatty acids as compared 
to a benign line, especially under low glucose availabil-

A) Healthy, differentiated cells typically are not 
undergoing constant proliferation, and rely on oxidative 
phosphorylation in the mitochondria for the majority of 
ATP production. B) Increased cellular proliferation causes 
an increased need for both ATP and cellular components 
(both are produced in glycolysis), and thus these cells tend 
to favor glycolysis for metabolism, even in the presence 
of oxygen. Healthy cells and cancer cells undergo both 
metabolic processes; however, the use of one versus the 
other is drastically shifted depending on cell type. 

Using metabolic pathways to prevent cancer

Perhaps one of the most powerful ways dietitians can in-
fluence cancer prevention is through education and the 
promotion of a healthy diet and lifestyle. Various reviews, 
meta-analyses, and NHANEs data demonstrate cancer risk 
association, e.g. breast, bowel, colon, esophageal, gastric, 
pancreatic, kidney, and liver with the presence of inflam-
mation, obesity, and metabolic syndrome.3,10,11 

NADH, important for oxidative stress regulation in the 
cells.9 Restricting available glucose starves tumor cells 
and forces a switch to oxidative phosphorylation. The 
cellular preference for glycolysis is not due to mitochon-
drial dysfunction through genetic alterations as originally 
thought, but rather that cellular metabolic changes 
as well as genetic alterations are important in cancer  
pathophysiology.7,9 
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Figure 1. The Warburg Effect
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ity, highlighting their need for glucose for survival and 
proliferation.20 Kadochi et al. observed a murine colon 
cancer line under glucose starvation with the addition 
of beta-hydroxybutyrate (a ketone) and lauric acid and 
noted decreased lactate fermentation with increased oxi-
dative stress and energy production in the mitochondria. 
Data also indicated increased mitochondrial dysfunction, 
possibly due to the accumulation of reactive oxygen 
species (ROS).16 In human cell lines, Mungo et al. dem-
onstrated a metabolic switch through the incubation of 
chemotherapy-resistant colon cancer cells with pyruvate, 
which increased mitochondrial phosphorylation and 
resulted in increased ROS accumulation, increased cel-
lular uptake of chemotherapeutic agents, and decreased 
chemotherapy resistance.21 Importantly, this research 
highlights the protective effects of glycolysis towards 
chemotherapeutic agents in tumor cells. Furthermore, 
a metabolic switch in these cells towards oxidative 
phosphorylation, as is seen in short-term fasting and 
ketogenic diets, can prime these cells to be more suscep-
tible to current treatment options. 

In a mouse model of glioma, Woolf et al. showed that 
the ketogenic diet has profound effects on tumor angio-
genesis.22 Impressively, previous research by this same 
group demonstrated that radiation therapy combined 
with the ketogenic diet eradicated the gliomas in nine 
of 11 mice with no recurrence, even after switching the 
mice back to normal chow.23 

Mouse models employing chemotherapy in combination 
with either ketogenic or short-term fasting diets demon-

strate similar findings in pancreatic cancer cells24 and a 
model of neuroblastoma.25 Interestingly, in one study, 
mice on a short-term starvation protocol not only had 
better survival but also regained any weight lost dur-
ing fasting within four days after chemotherapy.26 This 
could translate to important implications with regards to 
weight loss and cachexia during cancer treatments; how-
ever, much more research in this area is needed. 

In humans, short-term fasting protocols render healthy 
cells more immune to oxidative stress, unlike cancer cells. 
Dorff et al. explored this property in their study of 24 
to 72-hour fasting protocols in human subjects.17 They 
found that the 48- and 72-hour fasting groups did in fact 
have less damage to cells after chemotherapy as com-
pared to the 24-hour group. Fasting not only reduced 
Insulin-like Growth Factor (IGF)-1 levels (higher levels 
support cell proliferation), but also the side effects were 
fewer, and diet compliance was over 50% in all groups. 
One of the known side effects of cancer is cachexia with 
anorexia;27 and thus, fasting protocols during which pa-
tients lose weight (even if it is regained) may have other 
associated risk factors.17 Clinical trials focused on cachex-
ia reduction using fast-mimicking and ketogenic diets 
are underway. Interim data suggests a six-week regimen 
in conjunction with cancer therapy and an interdisciplin-
ary team, including registered dietitians, is feasible and 
improves quality of life.28 The available data in human 
trials suggest that short-term fasting and ketogenic diet 
regimens are safe and require further study (researched 
diets are summarized in Table 1). 

Continued on page 14
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Discussion

Dietitians play a pivotal role in promoting disease preven-
tion through diet and lifestyle education and counseling 
(see Table 1). Though prevention is the first line of de-
fense, dietary interventions after diagnosis can still be 
powerful in their ability to enhance current treatment 
options. Several mouse studies demonstrated the power 
of a ketogenic diet in conjunction with radiation and 
chemotherapy,23-26 theoretically working through the 
metabolic preference of cancer cells for glycolysis and 
creating a stressful environment to which the cells cannot 
adapt. There is evidence that glycolysis provides cancer 
cells protection against chemotherapeutic agents.33 Pre-
liminary clinical trials have shown that the ketogenic diet 
is tolerable for up to six weeks; however, compliance may 
be dependent on the motivational level of the patient 
as well as their support system and care from their inter-
disciplinary team.28 Overall, there is evidence to support 
the hypothesis that metabolism, specifically the glycolysis/

oxidative phosphorylation axis, plays a large role in 
cancer initiation, progression, and even drug resistance. 
Some studies demonstrated that the reduction of meta-
bolic substrates, either through fasting or ketogenic 
diets, causes tumors to be more susceptible to treat-
ment therapies. In humans, further research is needed 
to determine if dietary interventions enhance cancer 
treatments, and if so, to identify the best regimen(s). 
However it must be emphasized that fasting, ketogenic 
diets, and fast-mimicking diets are being explored as 
adjuvant therapies for cancer treatment and are not 
recommended for cancer prevention and general health 
and well-being. Considering cancer as a multifaceted 
disease in which metabolism plays a large role may en-
courage more effective treatments and allow both client 
and dietitian a more active role in cancer prevention 
through diet and lifestyle interventions.
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Table 1. Summary of Diets

A summary of dietary recommendations for cancer prevention with information provided by the 
literature, the American Cancer Society, and the Academy of Nutrition and Dietetics. A summary 
of the diets researched for adjuvant therapy in cancer treatment is also summarized below.

Continued on page 15

Dietary Recommendations for 
Cancer Prevention

Diet DietDefinition and 
Recommendations

Definition and 
Recommendations

Diets Researched as Adjuvant 
Therapies with Cancer 

Mediterranean 
Diet15,17,29

Fasting 
Regimen17

Ketogenic 
Diet17

Fast-Mimicking 
Diet32

American 
Cancer Society30 

Academy of 
Nutrition and 
Dietetic31 

 • Majority of intake from vegetables, 
legumes, fruits and nuts, and cereals.

 • For fats, a high intake of olive oil but a 
low intake of saturated lipids.

 • A moderately-high intake of fish.

 • A low-to-moderate intake of dairy 
products. 

 • A low intake of meat and poultry.

 • A regular but moderate intake of 
ethanol, primarily in the form of wine. 

 • Observational studies suggest that 
high adherence to the Mediterranean 
Diet is associated with significant 
decrease in overall cancer risk/
mortality.

 • 24, 48, or 72 hours prior to 
chemo- or radiation therapy.

 • Caloric intake is <200 kcal/ 
24-hour period. 

 • A diet generally very low in 
carbohydrate, adequate in 
protein,  and high in fat.

 • Causes serum levels of the ketone 
bodies β-hydroxybutyrate (BHB), 
acetoacetate (AcAc) and acetone 
to increase (~0.3 mmol/l or more 
for BHB). 

 • Occurs naturally in neonates, and 
in adults during intermittent and 
longer-term fasting. 

 • May also be combined with 
caloric restriction. 

 • Provides between 34% and 54% of 
typical caloric intake.

 • At least 9%–10% protein, 34%–47% 
carbohydrate, and 44%–56% fat.

 • Typically consumed for five days 
every month for three months (or 
three cycles). 

 • Other days, typical caloric intake is 
consumed. 

 • “Maintain a healthy weight through  
  out life.”

 • Adopt a physically active lifestyle.

 • Eat five or more servings of a variety 
of vegetables and fruits each day.

 • Choose whole grains instead of re-
fined grains.

 • Limit consumption of processed and 
red meats.

 • If you drink, limit consumption to one 
drink/day for women or two drinks/
day for men.”

 • Maintain a healthy weight.

 • Limit calorie-dense, nutrient-deficient 
foods.

 • Eat vegetables, fruits, whole grains, 
and legumes.

 • Moderate your meat portions.

 • Focus on plant proteins.

 • Limit alcohol.

 • Eat whole foods.
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