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INTRODUCTION

Cancer is a general term for a large group of diseases that
can affect any part of the body. Other common terms
used are malignant tumors and neoplasms. Cancer is
the growth of abnormal cells beyond the normal limits
that can spread to different organs in the body. This
process which is the main cause of cancer related deaths
is known as metastasis.!"

Cancer is a leading cause of death worldwide,
accounting for nearly 10 million deaths in 2020.™
Every one out of 5 men and 6 women in the world
are diagnosed with cancer at a time in their lives and
one out of 8 men and one out of 11 women lose their
lives due to this disease. By sex, men are commonly
diagnosed with lung, prostate, colorectal, stomach,
and liver cancers while breast, colorectal, lung, cervix,
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and thyroid cancers are the most common types in
women.B! In addition, leukemia is the most common
type in younger ages.!

The type and stage of cancer, changes in metabolism
associated with the disease, and inflammation can lead
to a change in energy metabolism and therefore patients’
resting energy expenditure (REE).”! REE is defined as
the energy, required by the body in resting state.!! The
contribution of REE to the daily energy expenditure is
approximately 55%-75%, and it constitutes the largest
part of the total energy expenditure (TEE)."# For
this reason, the accurate estimation of REE is highly
important in determining the total daily energy
requirements and planning the medical nutrition
therapy for the patients effectively.?

The changes in REE in cancer patients are conflicting
in the literature. Literature suggests that there is a
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tendency for an increase in REE in cancer patients,"" but
also REE may not changel’? or decrease.!® The accelerated
weight loss related to inadequate dietary intake, as well
as the increase in REE, should be considered due to its
potential role in malnutrition and cancer cachexia in
patients.'! Therefore, an accurate estimation of energy
expenditure is important for planning the nutritional
therapy of a cancer patient. In this context, the factors
leading to a change in energy metabolism and REE in
cancer patients such as the tumor burden, type of cancer,
and the altered metabolism related to the disease are
discussed in depth in this review.

RESTING ENERGY EXPENDITURE IN CANCER

Energy balance is the compatibility between the energy
intake and TEE, including REE, activity energy expenditure,
and the thermic effects of food.™ The metabolic changes
due to cancer can affect both REE and the energy intake,
which can cause negative or positive energy balance. As
it is difficult to determine the TEE directly, REE, which
is the largest component of TEE, is often measured in the
estimation of energy expenditure.!¢!

There are different methods to determine REE. Numerous
equations have been developed to estimate REE over the
years.'”? Many of the predictive equations for the estimation
of REE include the components such as height, weight, sex,
age and other factors that can affect the REE. However,
determining accurate REE extends far beyond these factors
in critically ill patients.!"! Therefore, using predictive
equations to estimate REE for dietary recommendations
has not been accepted as an accurate assessment of energy
requirements in patients with cancer.["2

The method of measuring energy expenditure by heat
loss is named direct calorimetry, which includes the
equipment that monitors the amount of heat produced by
the individual inside the chamber or room. This method is
limited, technically difficult, and expensive; thus, indirect
calorimetry is the most frequently used technique to
determine REE.?! Indirect calorimetry has the advantage
of mobility and low equipment cost and frequently used in
clinical practice. Indirect calorimetry is considered as the
gold standard to measure REE, by measuring whole-body
oxygen (VO,) and carbon dioxide (VCO,) gas exchange.!"”*!

The main determinants of REE in cancer patients are the
changes in body composition, tumor burden, inflammation,
and brown adipose tissue activation.!¢!

Body composition and resting energy expenditure
Energy expenditure is the result of the metabolic activities

of tissues and organs in the body. Fat-free mass (FFM)
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energy expenditure accounts for 53%-88% of the total REE
and thus has the largest share in REE. Large organs such
as the lungs and the liver constantly perform for metabolic
processes, resulting in high energy expenditure and taking a
large share in REE.? Depending on the type and the stage of
cancer, weight loss is frequently reported in cancer patients.
Weight loss is observed both in fat tissue and FFM and may
occur due to the inadequate dietary intake, inflammation
and other metabolic factors.?*!

Proteolysis-inducing factor (PIF) secreted by tumor first
activates the adenosine triphosphate (ATP)-dependent
proteolytic system and thereby increases protein catabolism
and seriously decreases FFM.[¥#! Since FFM is the biggest
determinant of REE, the decrease in FFM causes a decrease
in REE as well.”l However, some findings suggest that
there is an increase in REE due to increased catabolism and
inflammation in cancer patients despite the body weight
and FFM loss.["6%]

Tumor burden and resting energy expenditure

Tumor burden is an important factor affecting the energy
metabolism of cancer patients. Tumor location, size, central
tumor lesion and response rate to chemotherapy are highly
correlated with an increase in REE.[*!

Despite their small size, high rates of glycolysis and lactate
production are observed in tumors. Tumors are generally
described as lactate-producing tissues despite the presence
of adequate oxygen (Warburg Effect).**!] Large amounts of
lactate are observed in tumor cells as a result of anaerobic
glycolysis.’? Excess lactate transported to the liver and
converted to glucose again (Cori cycle), and this cycle
causes ATP consumption.’ When energy is produced
anaerobically by the tumor via glycolysis, glucose is
converted into lactate, net 2 ATP is produced, but 6 ATPs
are needed to convert to lactate back into glucose again.F*
Thus, the Cori cycle increases energy consumption. In
cancer cases, the Cori cycle has accelerated, which leads to
a negative energy balance. The increased glucose turnover
has a significant effect on the increase in REE and muscle
catabolism in cancer patients.['6333]

Depending on the tumor burden, the additional energy
expenditure is estimated to be 100-1400 kcal/day.!"¢*! The
size of the tumor determines the rate of anaerobic energy
production, and energy expenditure increases by 190-470
kcal/tumor kg/day. Increased energy demand depending
on the tumor significantly affects REE because theoretically
additional 400 kcal/day energy expenditure is 25% of REE
of a patient with a daily REE of 1600 kcal. For this reason,
the energy demand of the tumor significantly affects the
energy expenditure in some patients.”
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Another factor that may contribute to high REE is the
tumor metastases in the liver. Liver energy expenditure
accounts for about 20% of total REE (~200 kcal/day) in
healthy individuals.® A study which investigated the
relationship between liver weight and REE pointed to a
positive correlation between liver mass and REE. The study
also revealed that every 1 kg increase in liver mass due to
metastases leads to an increase in REE of approximately
343 kcal/day.®! Other studies have also shown that the
type of cancer, its pathological stage, and the duration of
disease affect REE.[*#

Jatoi et al. ¥ suggested that after adjustment either for lean
body mass determined by dual-energy X-ray absorptiometry,
or for body cell mass determined by total-body potassium
measurement, patients with nonmetastatic nonsmall-cell
lung cancer are hypermetabolic compared to control subjects.
In terms of tumor location evaluation, hypermetabolism
was seen in patients with various cancer types such as
esophagus, stomach, pancreas, and lung cancer,*! while
normal metabolism, hypometabolism or hypermetabolism
may occur in patients with colorectal cancer.**! The more
aggressive and advanced stages of the disease are associated
with higher REE.['8]

Cancer cachexia, inflammation, and resting energy
expenditure

In addition to the increased energy requirement of the
tumor, various metabolic disorders occur in the body due
to the tumor. These metabolic changes are the ones that
induce the release of inflammatory mediators such as
cytokines and eicosanoids. Cancer cachexia is characterized
by systemic inflammation, negative protein and energy
balance, and weight loss.'** The most obvious symptom
of cancer cachexia is FFM loss, while adipose tissue loss
may or may not occur.*”!

Decreased appetite due to tumor and so reduced dietary
intake and therefore the changed energy and protein
metabolism because of the release of inflammatory cytokines
are the major causes of cachexia physiopathology.* Cachexia
is characterized by chronic inflammation. Inflammatory
cytokines act through local and systemic mechanisms
to regulate energy metabolism."*® Increased energy
expenditure and decreased food consumption due to
increased carbohydrate, lipid, protein cycle, and Cori cycle
activity, create negative energy balance, and consequently,
cachexia occurs.!*!

However, because of their rapid proliferations, the energy
and nutritional needs of cancer cells are high. Accordingly,
adipose tissue and skeletal muscle are used to meet the
increased energy need in cachectic patients. Cancer cells
use fatty acids for energy production, and accordingly, lipid
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oxidation increases. The cytokines in the muscles stimulate
protein catabolism so that amino acids can be released.
Amino acids are used in the protein synthesis of cancer cells
or they are used to obtain glucose with gluconeogenesis.!!
With glucose and glyconeogenesis, glucose production
increases in cancer cachexia. Impaired insulin release and
insulin resistance lead to a decrease in the use of glucose
in tissues and result in glucose intolerance.” The majority
of the glucose is consumed by tumors and fermented to
lactate rather than oxidized in the pathways (Warburg
effect).’® These metabolic changes are categorized into
two groups. The first is the factors that are produced and
released by the tumor cells. The most important ones are the
lipid-mobilizing factor that lead to lipolysis and PIF which
initiates protein catabolism from skeletal muscles.” The
second group includes the proinflammatory cytokines such
as tumor necrosis factor-alpha, interleukin-1 (IL-1), IL-6, and
interferon-gamma, which are synthesized by the immune
system in response to the tumor. Inflammatory cytokines are
the signals from the cancer tissue, which induce catabolism
in adipose and muscle tissue.***>*”1 Chronic inflammation
contributes to energy expenditure, and thus, REE increases
in cachexia.”>! Mechanisms of full metabolism and the
effect on energy expenditure in the tumor-bearing state are
summarized in Figure 1.

In addition to the studies showing the increase in REE
in cancer, some of the findings suggest that there is
hypometabolism in cancer. It has been shown that
approximately 30% of the patients are hypermetabolic,
commonly seen in patients diagnosed with breast and
prostate cancer. It is thought that hypometabolism may
be associated with decreased appetite and inadequate
dietary intake.P!

Brown adipose tissue and resting energy expenditure
Another mechanism that may account for the increased
energy expenditure and cancer cachexia is the activation
of brown adipose tissue or browning of the white adipose
tissue. Since the brown fat tissue is a heat-producing tissue,
it contributes to increased energy expenditure. Recently,
brown adipose tissue activation or browning of the white
fat tissue has been evaluated within the context of cancer
cachexia. 606

The tumor may produce the parathyroid hormone-related
protein, which induces the browning of white fat tissue.!*?
The presence of both a tumor and the related activated
immune system triggers the energy demand reaction.
Energy is obtained from the liver (via glycogenogenesis)
as glucose, from muscles as protein (protein catabolism),
from the adipose tissue as lipids (lipolysis), and from
the liver as ketones. As a part of the energy demand
signal, proinflammatory cytokines increase melanocortin
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Figure 1: Mechanisms of full metabolism and the effect on energy expenditure in the tumor-bearing state. REE = Resting energy expenditure; PTHrP = Parathyroid

hormone-related protein; UCP1 = Uncoupling protein 1; TNF-a = Tumor necrosis factor-alpha; IL-1 = Interleukin-1; IL-6 =

factor; NF-kB = Nuclear factor kappa B

4 receptor activation in the brain, leading to decreased
appetite and increased energy expenditure. In this way, the
use of energy sources and energy expenditure increase."!

The browning of the white fat tissue is associated with
increased expression of uncoupling protein 1 (UCP1).
This protein uncouples mitochondrial respiration toward
thermogenesis rather than ATP synthesis. This was found to
cause increased lipid mobilization and energy expenditure
in cachectic mice. Chronic inflammation and IL-6 increase
the expression of UCP1 in white fat tissue. Treatments that
decrease inflammation or -adrenergic blockade reduce
white fat tissue browning and the severity of cachexia.”

White fat tissue browning is responsible for an increase in
TEE. It was observed that with fully activated brown fat
tissue, the rate of REE increases by 203 + 40 kcal/day.l® The
inhibition of white fat tissue browning is thought to be a
promising approach to cure cachexia in cancer patients./*

DISCUSSION

Many factors can alter energy metabolism in cancer patients
as discussed in this review. For this reason, the importance
of accurate determination of REE becomes important.
Considering the factors such as age, body composition,
type of cancer, pathological stage, and the duration of the
disease that can affect REE, it is recommended that patients
should be assesed individually.

Hypermetabolism is defined as the increase in REE.
When evaluated in terms of the cancer type, normal rate
of REE was observed in patients with breast, melanoma,
gastric, or colorectal cancer in some studies,?! while
hypermetabolism was seen in patients with pancreatic or
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lung cancer.[! In addition, in studies in which REE was
evaluated by indirect calorimetry, it was reported that 57%
of the 140 patients with head and neck cancer®! and 56.9%
of 109 patients with advanced gastrointestinal cancer®
were hypermetabolic and most were malnourished. In
addition to the type of cancer, its stage also affects REE. In
urologic cancers, REE changes were shown in relation to the
tumor type and stage.!* In a study, the variability in REE in
patients with stage IIl or IV colorectal cancer was associated
with age, FFM, inflammation, and disease stage.'® Cao
et al.* reported that advanced stage cancer patients have
increased REE compared to the early stages of the disease.
Purcell ef al.®! also detected hypermetabolism in patients
with newly diagnosed stage II-1II colorectal cancer.

A study revealed that 50% of the cancer patients with
weight loss were found to be hypermetabolic compared
to the control group with similar physical activity, body
composition, age, and weight loss.®! In a study, it was
found that 48% of newly diagnosed cancer patients were
hypermetabolic compared to the control group and that REE
estimated per kg FFM was higher.*! In line with the previous
studies, a recent meta-analysis of 27 studies presented that
REE increased by 9.66 kJ/kg FFM/day in cancer patients.!

In many studies, REE has been shown to increase in cancer
patients.>*2%701 However, while REE was found to be
increased, TEE was found to be lower in advanced stage
cancer patients compared to healthy individuals. This
has been attributed to reduced daily physical activity in
advanced stage cancer patients./”"!

According to the European Society for Clinical Nutrition
and Metabolism experts, it is recommended to measure REE
with indirect calorimetry in order to determine the energy
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requirement and to plan nutrition therapy that can prevent
cancer-related malnutrition.*!

CONCLUSIONS

Cancer patients have metabolic changes depending on
the stage and the type of the disease, and these metabolic
changes may cause alterations in energy expenditure.
Determining the changes in energy expenditure is important
to estimate the individual energy requirements and to plan
an energy-balanced nutrition therapy, which is important
to prevent malnutrition in patients. Considering the
changing energy metabolism and metabolic differences of
patients, the error margin of using the predictive equations
to determine the energy requirements of patients with
different types of cancer may be high. For this reason, if
possible, the main approach should be to measure energy
expenditure using indirect calorimetry and each patient
should be evaluated individually. REE tends to increase in
advanced stage cancer patients, but increased fatigue and
decreased physical activity also lead to limited physical
activity energy expenditure in these patients. It will be more
accurate to plan an individual nutrition therapy program
by measuring REE with indirect calorimetry to prevent
negative energy balance.
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