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Abstract : Objective ; In order to maintain a patient’s adequate nutritional status, it is important to accurately 
assess energy expenditure and to provide nutritional administration commensurate with that expenditure. In 
this study, we have assessed the resting energy expenditures (REE) in patients with esophageal and head and 
neck cancer, and association between REE, metabolites, nutritional intake, and body composition. Methods ; Pa-
tients included in the study had to be diagnosed with esophageal and head and neck cancer, and hospitalized 
and receiving chemotherapy. REE was measured using indirect calorimetry with a mask and calculated using 
3 different equations. Result ; Patients with esophageal and head and neck cancer (67.1 ± 8.5 years old, n = 52, all 
patients were male) were enrolled. The average of REE measured by indirect calorimetry were 22.1 kcal / kg / day. 
REE was positively correlated with muscle mass, body cell mass, and lean body mass. REE was higher in group 
with oral intake of more than 72%. Blood levels of lactate, pyruvate, and amino acids were higher in cancer pa-
tients with esophageal and head and neck cancer compared to healthy subjects. Conclusion : REE measured by 
indirect calorimetry correlated with the estimated BEE. There was an association between energy expenditure 
and muscle mass and nutritional intake. J. Med. Invest. 72 : 252-259, August, 2025
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INTRODUCTION
 

In cancer patients undergoing chemotherapy, weight loss due 
to side effects can significantly affect the continuation of treat-
ment and prognosis (1). Therefore, minimizing weight loss is an 
important aspect of cancer treatment. In particular, treatment of 
head and neck cancer and esophageal cancers can significantly 
affect food intake, resulting in malnutrition (2). Although can-
cer is generally associated with increased energy expenditure, 
the extent of energy excess or deficiency remains unclear. This 
uncertainty arises from a complex interplay of opposing factors 
- insufficient energy intake and increased energy consumption 
promote energy deficiency, while reduced physical activity and 
inadequate dietary intake may suppress energy expenditure.

Cancer reprograms metabolism, playing a crucial role in 
tumor development and progression (3). Unlike normal differen-
tiated cells, which primarily rely on oxidative phosphorylation 
for adenosine (ATP) production, cancer cells predominantly 
utilize glycolysis even in the presence of sufficient oxygen - a 
phenomenon known as aerobic glycolysis or the Warburg effect 
(4). However, how this metabolic alteration affects the overall 
energy expenditure of cancer patients remains an open question.

There is a well-established relationship between stress and me-
tabolism (5). Acute and chronic stress are frequently associated 

with metabolic disturbances (6). In mouse models, all types of 
stress have been shown to increase energy expenditure (7). How-
ever, chronic stress, in particular, leads to weight gain, reduced 
locomotor activity, and altered fuel utilization (8). Carbohydrates 
were the predominant fuel in chronic stress exposure, whereas 
fatty acids were catabolized in acutely and repeatedly restrained 
animals (8). On the other hand, in human, Langius et al. re-
ported that head and neck cancer patients showed normal REE 
before radiotherapy and during radiotherapy, REE decreased 
continuously with ongoing weight loss (9). However, weight loss 
is not the only factor that can explain energy expenditure ; var-
ious factors could be exist, including changes in skeletal muscle 
mass and dietary intake. 

In order to maintain a patient’s adequate nutritional status, 
it is important to accurately assess energy expenditure and to 
provide nutritional administration commensurate with that 
expenditure (10).Therefore, in this study, we aimed to assess the 
resting energy expenditures (REE) and the association between 
REE, metabolites, nutritional intake, and body composition for 
adequate nutritional administration. 

SUBJECT AND METHODS
Study Design and Patients

This study was approved by the Ethics Committee of Tokushi-
ma University (approval number : 2748). Eligible participants 
were inpatients diagnosed with head and neck cancer or esopha-
geal cancer who had undergone chemotherapy in general wards. 
Inclusion criteria were patients who were 20 years old and over 
and provided prior informed consent. To account for differences 
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in body size and metabolism between the sexes, this study only 
analyzed data from male patients.

Criteria excluded : 1) Patients who have a pacemaker or other 
medical device in their body that prevents BIA measurement 
and 2) Patients who are unable to take meal orally due to severe 
mouth ulcers or taste disorders. 3) Cachexic patients with severe 
anorexia and weight loss. 

Measurement of energy expenditure
Energy expenditure was measured by indirect calorimetry. 

Oxygen consumption (VO2) and carbon dioxide production 
(VCO2) were measured using a Datex- Ohmeda S / 5 monitor (GE 
Healthcare, UK) equipped with the gas module E-CAiOVX (GE 
Healthcare, UK) (11). Oxygen concentrations were measured by 
magnetic pressure oxygen analysis and carbon dioxide concen-
trations by infrared absorption spectrometry. Energy expendi-
ture (EE) was automatically calculated from these results and 
minute ventilation rate. The accuracy of VO2 and VCO2 mea-
surements was ± 10% (measurement range 20 to 1,000 ml / min).

EE was automatically calculated using the following equation.

EE = 5.5 x VO2 + 1.7 x VCO2 - 18.25 (Elwyn’s formula)

Measurements were taken over 20 minutes, and the average 
value was automatically stored every minute. The values during 
the first 2-3 minutes after the start of measurement, when data 
were not stable, and values in which EE fluctuated greatly due 
to seizures and atrial fibrillation were excluded, and other values 
were averaged. 

Estimated basal or resting energy expenditure was calculated 
using the Harris-Benedict formula, based on the height mea-
sured on admission, weight measured on the morning of the day 
of EE measurement (actual weight), and standard weight.

Harris-Benedict formula for male ; 
BEE = 66.473 + 13.7516 x (W) + 5.0033 x (H) -6.755 x (A) 

Mifflin-St Jeor equation for male (12) ; 
BEE = (10 x W) + (6.25 x H) – (5 x A) + 5 
and multiplied by scale factor for activity level (REE).

NIBIOHN formula for male (13) ; 
(0.1238+(0.0481×W)+(0.0234×H)–(0.0138×A)–0.5473x1)×
1000 / 4.186

BEE ; basal energy expenditure, W : Weight (kg) H : Height (cm)
 A : Age (years) 

We also compared the basal metabolic rate estimated by BioS-
can 920-II (MP Japan. K.K., Tokyo, Japan), which estimates 
basal metabolic rate by entering age, height, weight, and sex and 
measuring BIA.

Comparison of plasma metabolite between cancer patients and 
healthy subjects 

As we previously reported (14), serum samples were mixed 
with 1 mL of methanol for LC / MS analysis, containing 1 μL 
of internal standard solution 1 (Agilent Technologies, Tokyo, 
Japan), 1 mL of chloroform for LC / MS analysis, and 400 μL 
of distilled water. The mixture was stirred for approximately 
30 seconds and then centrifuged at 2,150 × g for 5 minutes at 
4°C. The resulting aqueous layer was washed and transferred 
onto an ultrafiltration filter (Ultrafree MC-PLHCC 250 / pk for 
Metabolome Analysis ; Agilent Technologies). The aqueous layer 
was then aliquoted onto the ultrafiltration filter after wash-
ing and centrifuged at 9,100 × g for 4 hours at 4°C. Following 

centrifugation, the filter cup was removed. The collection tubes 
were dried in a centrifugal dryer with the lid open for 2 hours 
and stored at -80°C until analysis. CE-TOFMS (Agilent Tech-
nologies, Inc.) was used for analysis. Immediately prior to anal-
ysis, three sample tubes were reconstituted in 50 μL of distilled 
water with internal standard solution 3 (Agilent Technologies). 
The data of healthy subjects were used as control. The sample 
of 12 healthy subjects was extracted from previous study (15) of 
male subjects aged 50 to 60 years (58.7± 1.2 years old, BMI 22.1 
± 2.8 kg / m2). 

Nutritional Management and evaluation items
A uniform diet was prepared and distributed by the hospital 

canteen. The recommended daily caloric intake was set at 2,000 
kcal with 60 g of protein. The food intake rate was recorded by 
the patients themselves by dividing the meal into staple, main, 
and side dishes, and also by nurses or dietitians, and was calcu-
lated by checking the consistency of both records. Data collection 
included the following evaluation items : age, physical measure-
ments, body composition, pre-existing medical conditions, comor-
bidities, date of cancer diagnosis, cancer type, histopathological 
classification, clinical stage, details of the first course of chemo-
therapy and antiemetic therapy, use of antiemetic drugs, blood 
biochemical tests and dietary intake. Body composition was ana-
lyzed using the BIA method (InBodyS10, InBody, Tokyo, Japan), 
and nutritional intake was assessed through daily food records.

Statistical Analysis
Data were presented as numbers (%) or mean ± standard devi-

ation. Between-group comparisons were conducted using Krus-
kal-wallis test. Univariate analysis was performed to assess the 
association of measured REE and estimated EE, and to identify 
factors for energy expenditure using Spearman’s correlation 
coefficient and logistic regression analysis. Data analyses were 
conducted using JMP version 13.1.0 (SAS Institute Inc., Cary, 
NC, USA). All statistical tests were two-tailed, and a p-value 
< 0.05 was considered statistically significant.

RESULTS
Patients’ characteristics

A total of 52 patients participated in the study (100% male, 
36 patients with esophageal cancer and 16 patients with head 
and neck cancer). As shown in Table 1, mean age were 67.7 ± 
6.3 years old in patients with esophageal cancer and 65.0 ± 10.2 
years old in patients with head and neck cancer. The mean BMI 
were 21.7 ± 2.9 kg / m2 in patients with esophageal cancer and 
22.8 ± 2.9 kg / m2 in patients with head and neck cancer. Mea-
sured REE was 22.5 ± 4.2 kcal / kg / day in patients with esopha-
geal cancer and 19.6 ± 2.9 kcal / kg body weight in patients with 
head and neck cancer.

REE measurements
Next, we compared the measured REE values measured by in-

direct calorimetry with the estimated basal energy expenditure 
(BEE) based on the Harris-benedict formula, the basal metabolic 
reference value, the basal metabolic rate estimated by a body 
composition analyzer, and the basal metabolic rate calculated by 
the National Institute of Health and Nutrition using doubly la-
beled water. As shown in Figure 1-A, the REE in cancer patients 
was similar to the BEE estimates obtained by other calculation 
formulas, and there was no hypermetabolism due to cancer. In 
addition, the REE measured by indirect calorimetry correlated 
with the estimated BEE using the Harris-benedict formula (Fig. 
1B, r = 0.719, p < 0.01). 
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Comparison of plasma metabolite between cancer patients and 
healthy subjects

We next performed metabolomic analysis of plasma to investi-
gate the metabolic dynamics of the patients. Metabolite concen-
trations were analyzed in plasma from cancer patients matched 

for age and BMI to healthy men (58.7 ± 1.2 years old, BMI 22.1 
± 2.8 kg / m2) in this study. As shown in Figure 2A-B, cancer 
patients had significantly higher lactate and pyruvate levels 
than healthy controls, suggesting significant ATP production 
by the glycolytic pathway (lactate ; 11095.5 ± 7072 vs 190130.2 
± 287, p < 0.01, pyruvate ; 123.8 ± 68.2 vs 344.7 ± 44.5, p < 0.05). 

Table 1.　Patients Characteristics

Total Esophageal cancer Head and Neck Cancer

n = 52 n = 36 n = 16

Age (years) (mean ± SD) 67.1 ± 8.5 67.7 ± 6.3 65.0 ± 10.2

BMI (kg / m2) 22.3 (20.4-23.8) 21.7 (20.4-22.1) 22.8 (20.6-23.8)

REE (kcal / kg / day) 22.1 (17.1-24.1) 22.5 (20.1-23.9) 19.6 (17.1-24.1)

Stage

Stage I , n (%) 1 (1.9) 0 (0) 1 (6.3)

Stage II , n (%) 3 (5.8) 2 (5.6) 1 (6.3)

Stage III , n (%) 40 (77.0) 28 (77.8) 12 (75.0)

Stage IV , n (%) 8 (15.4) 6 (16.7) 2 (6.5)

Co-morbidity

Hypertension, n (%) 8 (15.4) 6 (16.7) 2 (6.5)

Diabetes, n (%) 4 (7.7) 2 (5.6) 2 (6.5)

Dyslipidemia, n (%) 9 (17.3) 5 (13.9) 4 (13.0)

Liver disease, n (%) 1 (1.9) 1 (2.3) 0 (0)

Hyperuricemia, n (%) 2 (3.8) 1 (2.3) 1 (6.3)

Renal failure, n (%) 2 (3.8) 1 (2.3) 1 (6.3)

BMI ; body mass index, REE ; resting energy expenditure 

Figure 1.　REE in patients with esophageal and head and neck cancer
A ; comparison of REE estimated by several methods. mREE ; measured resting energy expenditure using 
indirect calorimetry. Harris-Benedict ; estimated basal energy expenditure by Harris-Benedict formula. Mifflin-St 
Jeor ; estimated basal energy expenditure by Mifflin-St Jeor equation. NIBIOHN ; basal metabolic rate established 
by NIBIOHN (National Institutes of Biomedical Innovation, Health and Nutrition) multiplied by reference weight. 
Bioscan ; estimated basal energy expenditure by BIA analyzer Bioscan. N = 52
B ; Correlation between mREE and BEE. mREE ; measured resting energy expenditure using indirect calorimetry. 
BEE ; estimated basal energy expenditure by Harris-Benedict formula. Spearman correlation test, r =  0.719, p < 0.01
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In addition, metabolomic analysis of plasma showed that cancer 
patients had significantly higher levels of free amino acids com-
pared to healthy controls, suggesting the possibility of skeletal 
muscle degradation (Figure 2C)

 
Effects of Body Composition and Nutritional Intake on REE

We finally examined the effects of body composition and 
nutritional intake on REE. Data from all 52 patients in this 
study were analyzed together. As shown in Figure3A-C, free fat 
mass (FFM), skeletal muscle mass, and body cell mass (BCM) 
were positively correlated with REE (FFM ; r = 0.5129, p < 0.05, 
muscle mass ; r = 0.4271, p < 0.05, BCM ; 0.4194, p < 0.05). Since 
the mean REE value was 21.3 ± 3.7 kcal / kg / day, patients were 
divided into two groups by REE value higher or lower than 20 
kcal / kg / day, and the high and low REE groups were compared 
in skeletal muscle mass and BCM. Consistent with Figure 3B-C, 
skeletal muscle mass and BCM were significantly higher in the 
high REE group than in the low REE group (Figure 3D-E ; 23.8 
(21.6-25.4) kg vs 27.5 (23.2-30.5) kg, p < 0.05 in skeletal muscle 
mass, 27.5 (23.6-29.5) kg vs 31.8 (27.4-33.4) kg in BCM). In ad-
dition, we evaluated the association between REE and body com-
positions using multivariate analysis to assess the determinants 
of REE. As shown in Table2, skeletal muscle mass and BCM 
were identified as factors regulating REE in cancer patients, 
while FFM showed no significant association.

Furthermore, we examined the effects of nutritional intake on 
REE. Since the median nutrient intake was 1810 (1368-2200) 
kcal / day, patients were divided into two groups, higher and 
lower than 1800 kcal / day, and REE was compared. Median 
caloric intake of low energy intake group was 1542 (1368-1780) 
kcal / day and that of high energy intake group was 1890 (1800-
2200) kcal / day. As shown in Figure 4A, in the low energy intake 
group, REE average was 26.2 ± 2.3 kcal / kg / day, whereas in the 
high REE group, the REE was 27.2 ± 2.5 kcal / kg / day (P = 0.068). 
Since energy intake includes oral dietary intake, enteral nutri-
tion, and peripheral infusions, we next examined the effects of 
infusion volume and oral dietary intake rate The median dose of 
energetic infusions was 400 kcal / day, so the groups that received 
more or less than 400 kcal / day were compared, but there was no 
significant difference in the REE of the two groups (Figure 4B, 
23.1 ± 4.5 kcal / kg / day vs 21.2 ± 2.9 kcal / kg / day). The median 
percentage of oral intake relative to the amount of food provided 
to each patient (dietary intake rate) was 71.82%, and REEs were 
compared by dividing them into two groups : those with dietary 
intake rates higher than 72% and those with lower rates. As 
shown in Figure 4C, the REE was significantly higher in the 
high dietary intake group than in the low dietary intake group 
(Figure 4C, 21.1 ± 3.1 kcal / kg / day vs 24.1 ± 2.8 kcal / kg / day). 
These results suggest that REE may be dependent on skeletal 
muscle mass and oral nutrient intake.

Figure 2.　Comparison of plasma metabolite between cancer patients and healthy subjects
A ; Comparison of lactate in cancer patients with esophageal and head and neck cancer (n = 52) and healthy subjects 
(n = 12), Wilcoxon rank-sum test, p < 0.01
B ; Comparison of pyruvate in cancer patients with esophageal and head and neck cancer (n = 52) and healthy subjects 
(n = 12), Wilcoxon rank-sum test, p < 0.05 
C ; Plasma amino acids concentration in cancer patients with esophageal and head and neck cancer (n = 52) and 
healthy subjects (n = 12), Val ; Valine, Thr ; Threonine, Ile ; isoleucine,Lys ; Lysine, Met ; Methionine, His ; Histidine, 
Phe ; Phenylalanine, Trp ; Trypsin
Wilcoxon rank-sum test, *p < 0.05, **p < 0.01
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Figure 3.　Relationship between REE and Body Composition 
A; Correlation between REE and free fat mass (FFM), spearman correlation test, r = 0.5129, p < 0.05, B; Correlation 
between REE and skeletal muscle mass, spearman correlation test, r = 0.4271, p < 0.05, C; Correlation between REE and 
body cell mass (BCM), spearman correlation test, r = 0.4194, p < 0.05, D; Comparison of skeletal muscle amount between 
high and low REE group. Patients were divided into two groups, one with REE less than 20 kcal / kg / day and the other 
with REE greater than 20 kcal / kg / day, and muscle mass was compared. *p < 0.05, E; Comparison of BCM amount 
between high and low REE group. Patients were divided into two groups, one with REE less than 20 kcal/kg/day and 
the other with REE greater than 20 kcal / kg / day, and BCM was compared. Wilcoxon rank-sum test, *p < 0.05

Table 2.　Multivariate analysis to evaluate the association between REE and body compositions

Model 1 Model 2 Model 3

OR (95%CI) p-value OR (95%CI) p-value OR (95%CI) p-value

Skeltal muscle mass (kg) 1.78 (0.98-2.83) 0.041 1.65 (0.99-1.92) 0.048 1.55 (1.02-1.85) 0.043

Free Fat Mass (kg) 1.38 (0.99-1.60) 0.066 1.21 (0.99-1.54) 0.061 1.24 (1.01-1.30) 0.068

Bofy fat (%) 1.06 (0.85-1.35) 0.184 1.10 (0.67-1.30) 0.236 1.06 (0.73-1.53) 0.761

BMI (kg / m2) 0.53 (0.31-0.91) 0.922

BCM (kg) 1.45 (1.01-1.69) 0.035

ECW / TBW 0.40 (0.19-1.12) 0.998

BMI ; body mass index, BCM ; body cell mass, ECW / TBW ; extracellular water / total body water

Figure 4.　Relationship between REE and Nutritional Intake
A; Patients were divided into two groups, one with energy intake less than 1800 kcal / day and the other with energy intake 
greater than 1800 kcal / day, and REE was compared. Wilcoxon rank-sum test, n.s, B ; Patients were divided into two groups, 
one with peripheral infusions less than 400 kcal/day and the other with energy intake greater than 400 kcal / day, and REE 
was compared. Wilcoxon rank-sum test, n.s. B ; Patients were divided into two groups, one with an oral intake rate of less 
than 72% and the other with oral intake rate greater than 72%, and REE was compared. Wilcoxon rank-sum test, 
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DISCUSSION
In the present study, we have measured REE in esophageal 

and head and neck cancer patients undergoing chemotherapy, 
and the measured REE and BEE values calculated by the esti-
mation equation were close and positively correlated with muscle 
mass, BCM, and lean body mass. In addition, metabolites of lac-
tate, pyruvate, and amino acids were higher in cancer patients 
than in healthy controls. In addition, REE may be dependent on 
skeletal muscle mass and oral nutrient intake.

We included elderly head and neck patients and esophageal 
cancer patients who spend more time lying down during the day 
and found that the measured REE did not differ significantly 
from the estimated basal metabolic rate, which had previously 
been calculated by the estimation equation. In other words, 
REEs were not significantly increased in patients with low ac-
tivity, suggesting that there is no need to consider the increase 
in consumption due to invasive procedures for basal metabolism. 
Recently, Cioffi et al. reported that measured REE was slightly 
higher in female breast cancer patients compared to healthy con-
trols (16). Considering that the mean age in their study was 49.9 
± 11.1 years and the mean BMI was 24.5 ± 2.8 kg / m2, younger 
and higher BMI than the subjects in this study, it may also be 
important to consider energy metabolism by age and BMI. On 
the other hand, in the previous report by Zurlo, in a middle-aged 
male patient who underwent surgery for esophageal cancer, 
energy expenditure rates were repeatedly measured by indirect 
calorimetry in both basal state (BMR) and resting feeding state 
(RMR), and the mean preoperative BMR was 23.7 ± 1.0 kcal / kg.
day, whereas the postoperative BMR increased to 27.6 ± 2.7 
kcal / kg / day (day 6) and then decreased to 24.4 ± 1.4 kcal / kg / day 
(day 10) (17). This suggests that while surgical invasion may in-
crease energy expenditure, it may not change significantly under 
chronic conditions.

The reason for increased energy expenditure in cancer may 
be due to chronic inflammation as well as surgical invasion. 
Tumors are chronically inflamed, but not markedly, and the 
C-reactive protein levels in the study subjects were high and 
within norms.

Himbert et al. reported that obese, physically inactive can-
cer patients had higher C-reactive protein levels, which may 
be due to inflammation caused by obesity or suppression of 
anti-inflammatory mechanisms due to low activity level (18). 
The fact that no obese patients in this study had a BMI of 30 or 
higher and that they were not bedridden, although their physi-
cal activity levels were low, may explain the lack of significant 
inflammation. Furthermore, Feng et al. reported that REE is 
negatively correlated with CRP in stroke patients, suggesting 
an association with inflammatory status (19). Therefore, we 
believe that the hypermetabolism caused by inflammation was 
not pronounced. On the other hand, however, it is also known 
from studies in breast cancer patients that energy expenditure 
is reduced due to decreased metabolism and physical activity 
(20). In light of these findings, it is suggested that there are more 
factors that decrease rather than increase metabolism in cancer 
patients, and that energy expenditure may never be higher than 
previously estimated.

Hence, if direct measurement of energy expenditure in cancer 
patients is not possible, various factors including diet and body 
composition must be considered. The effect of dietary intake on 
diet-induced thermogenesis was examined in a study by Weston 
et al. in which indirect calorimetry was used to measure REE 
and thermogenic response to a test meal in weight-stable and 
weight-loss groups of gastric cancer patients. In that study, can-
cer patients with weight loss and with cachexia had significantly 
lower in total energy and protein intakes, with no significant 

differences in REE between groups when corrected for metabolic 
body size and lean body mass. In addition, diet-induced thermo-
genesis was decreased in patients with weight-reduced cancer. 
The decrease in diet-induced thermogenesis in weight-loss 
cancer patients is another component of starvation adaptation 
following weight loss, suggesting that changes in thermogenesis 
do not contribute to the weight loss seen in cancer cachexia.

ASPEN guideline suggested that serum albumin and he-
moglobin are not ideal indicators of malnutrition since energy 
expenditure vary greatly among individuals and the serum 
levels are not affected by only changes of nutrient intake (21). 
Our study has suggested that REE was not greatly varied by 
cancer, but nutritional intake affected REE suggesting that 
REE is more likely to reflect the effects of nutrient intake than 
blood and biochemical tests such as serum albumin and hemo-
globin. The skeletal muscle mass and nutritional intake were the 
determinants of REE in cancer patients and REE might reflect 
nutritional status rather than blood and biochemistry data. In 
this study, among body composition, skeletal muscle mass and 
BCM had a significant effect on REE. The relationship of skele-
tal muscle mass to REE was clearer than that of free fat mass, 
which is generally recognized, perhaps because of the infusion 
of fluids during chemotherapy, which is significantly influenced 
by extracellular water volume. On the other hand, BCM is the 
cellular component of body composition, the sum of body proteins 
and intracellular water, and can be regarded as the part of the 
body that is actively metabolized. BCM is a nutritional indicator 
that is relatively insensitive to the effects of water and other ele-
ments, since it is mostly composed of skeletal muscle. Indeed, in 
recent studies, it has been used as an indicator of improvement 
in nutritional status through nutritional intervention (22, 23). 
Therefore, skeletal muscle mass and somatic cell mass, including 
only intracellular water, are considered to be important determi-
nants of energy metabolism.

As for metabolite, for example, in gliomas, which are very 
complex and metabolically active brain tumors, recent report has 
found altered levels of metabolites in the blood early in tumor 
development (24). Metabolites associated with early glioma 
development were found to be associated with increased energy 
metabolism, as highlighted by increased levels of TCA-related 
metabolites such as fumarate and malate (25). Metabolites as-
sociated with glioma progression at surgery were also found to 
be primarily metabolites of high levels of amino acids and amino 
acid catabolism, with elevated levels of 11 amino acids and two 
branched-chain alpha-keto acids, ketoisine and ketoisoleucine. 
By examining these blood-based patterns of metabolic progres-
sion, Zhu et al. demonstrated that this high amino acid turnover 
is detectable in simple blood samples (26). Tryptophan metabo-
lism via the kynurenine and serotonin pathways has also been 
reported to significantly affect immune response and tumor 
progression in colorectal cancer.

Although the energy expenditure in patient with head and 
neck cancer was confirmed, this study has several limitations. 
First of all, the sample size of this study was relatively small. Fif-
ty-six patients were enrolled totally but these patients included 
patients with esophageal cancer and head and neck cancer, each 
at a different stage and age. In this study, only male subjects 
were included to exclude differences by gender, but no correction 
for body size was made. There were also several patients with 
chronic diseases related to inflammation, such as type 2 diabe-
tes and dyslipidemia, but the effect of the presence or absence of 
these diseases on REE was not studied due to insufficient en-
rollment. In addition, only those who were physically fit enough 
to wear a mask for indirect calorimetry were included. These 
considerations made it difficult to perform a fully stratified anal-
ysis of the 52 subjects, and more cases are needed in the future 
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to clarify the conclusions. Second, this study is a single-center 
cross-sectional study. Therefore, all patients included in the 
study were on chemotherapy, and none were in palliative care or 
otherwise. In addition, because this was a cross-sectional study, 
REE was measured only once for each patient, and no relation-
ship with diet or weight change was examined. Furthermore, 
mREE was not measured in healthy subjects in this study. 
Therefore, the association between energy expenditure and 
plasma metabolites could not be adequately examined. Further 
studies are needed examine the relationship between REE and 
metabolites in various conditions, including healthy subjects and 
cachexia patients. Despite these limitations, however, our study 
provided valuable insights into the actual energy expenditure of 
cancer patients.

In cancer patients, administration of less than energy expen-
diture leads to undernutrition, which can lead to complications 
of infection and poor prognosis. On the other hand, excessive 
nutritional intake that does not match energy expenditure can 
also lead to excess fat accumulation and associated increased 
inflammation, especially in conditions of inadequate physical 
activity (27). Therefore, understanding the actual status of en-
ergy consumption and administering appropriate energy may 
contribute to patient prognosis. In this study, we found that 
energy expenditure is never increased in cancer patients and 
that energy expenditure is influenced by body composition, par-
ticularly muscle mass and oral nutrient intake. Further studies 
will contribute to improving patient prognosis by adjusting ener-
gy requirements according to individual body composition and 
nutritional intake.
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