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Abstract. This study investigated energy metabolism and
its association with inflammatory cytokines and appetite-
regulating hormones in patients with gastrointestinal cancer.
Subjects were inpatients scheduled to undergo therapeutic
intervention for diagnosed gastrointestinal cancer. Nutritional
status on admission was assessed based on anthropometric
measurements, nutrition screening results, food intake
rate (energy intake/energy provided in hospital food), and
biochemical test results. Fat-free mass (FFM) was measured
using the bioelectrical impedance analysis. Resting energy
expenditure (REE) and respiratory quotient were measured
with indirect calorimetry, and basal energy expenditure (BEE)
was calculated using the Harris-Benedict equation. A total
51 patients with gastrointestinal cancer were enrolled (17 with
esophageal cancer, 15 with gastric cancer,and 19 with colorectal
cancer); 16 had stage I disease, 11 had stage II, 13 had stage III,
and 11 had stage IV. The levels of inflammatory cytokines
such as interleukin (IL)-6 and tumor necrosis factor (TNF)-a.
increased significantly with cancer stage progression (P<0.001;
Jonckheere-Terpstra trend test). The REE/body weight and the
REE/FFM tended to increase with cancer stage progression
(P=0.064 and P=0.053, respectively; Jonckheere-Terpstra
trend test). FFM showed a significant negative correlation with
the level of TNF-a (P=0.008; Spearman's correlation coef-
ficient). Also, food intake rate showed a significant negative
correlation with levels of IL-6 and TNF-a (P<0.001). The level
of active ghrelin was positively correlated with that of IL-6
and energy metabolism (P=0.004 and 0.016, respectively) and
negatively correlated with food intake rate (P=0.035), which
suggests a state of ghrelin resistance. In conclusion, this study
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confirmed increases in the levels of inflammatory cytokines
with the progression of gastrointestinal cancer and suggested
the possible association of such increases with decreased FFM
and the increased energy metabolism. However, the increased
levels of active ghrelin failed to compensate for cachexia in
cancer patients.

Introduction

Malnutrition occurs in 20-70% of cancer patients, and patients
with gastrointestinal cancer are at particularly high risk (1).
Also, malnutrition is reported to occur more frequently with
cancer progression (1). According to a study by Zhang et al,
only 2% of patients with advanced gastrointestinal cancer did
not require nutrition intervention, and 57.4% of them required
management of malnutrition-related symptoms and nutritional
support (2).

Proinflammatory cytokines such as interleukin (IL)-6
and tumor necrosis factor (TNF)-a are known to have the
pro-tumorgenic functions (3) and are also produced by cancer
tissues, including interstitial cells (4). The serum levels of
these cytokines were reported to positively correlate with
cancer stages (4-7). These cytokines can affect neuroendocrine
control of appetite, leading to anorexia and hypermetabolism,
resulting in muscle wasting (1). Cancer-induced metabolic
disorder progresses gradually, eventually leading to refractory
cachexia (8). Inflammatory cytokines stimulate the activity of
anorectic proopiomelanocortin neurons and inhibit the activity
of orexigenic neuropeptide Y (NPY) neurons in patients with
cachexia (9). Inflammatory cytokines also induce NF-«xB acti-
vation. NF-«kB affects the expression of genes that regulate the
ubiquitin proteasome pathway (UPP) and promotes the loss
of protein (10), resulting in decreased in fat-free mass (FFM).

Appetite-regulating hormones such as ghrelin and leptin,
play an important role in cancer patients. Ghrelin is present in
two forms: An inactive form known as deacylated ghrelin, and
an active form, the acylated ghrelin that accounts for ~10% of
the total amount of ghrelin and is synthesized under the action
of ghrelin O-acyltransferase (GOAT) (11-13). GOAT expression
and activity are modulated by nutrient availability, particularly
by the availability of medium-chain fatty acids, which are used
as acylation substrates and promote acyl-ghrelin production
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and secretion (14). Ghrelin is secreted from the stomach
and acts on the hypothalamic NPY, an appetite promoting
peptide, to increase appetite and suppress energy metabo-
lism (11,15,16), whereas leptin is secreted from adipocytes and
acts on the hypothalamus to suppress food intake and increase
energy metabolism (15). Total ghrelin levels were found to be
significantly higher in cancer patients with cachexia than in
cancer patients without cachexia (17-19), which suggests that
cachexia could be a state of ghrelin resistance accompanied
by increases in active ghrelin and the ratio of acylated to total
ghrelin levels (20). However, the precise mechanism of ghrelin
resistance is unknown. It is also possible that ghrelin levels
increase to compensate for the increased metabolic rate and
energy often observed in patients with cancer cachexia (21).

Early detection and assessment of weight loss and under-
nutrition, as well as provision of adequate nutrition therapy,
enable cancer patients to maintain good nutritional status (1).
In this study, we focused on the following two screening
tools for assessment of nutritional status: The Subjective
Global Assessment (SGA), described by Baker et al in
1982 (22), which assesses nutritional status based solely on
disease history and findings of physical examination; and the
Patient-Generated Subjective Global Assessment (PG-SGA),
which was proposed by Ottery in 1994 and has been used
by the American Dietetic Association as a screening tool for
cancer patients (23). The PG-SGA comprises items included in
the SGA as well as items to assess problems affecting dietary
intake and nutritional status in cancer patients. Bauer et al
reported that the undernourished status in cancer patients can
be assessed in the early stages using PG-SGA (24).

There is no well-accepted concept of energy metabolism
in patients with gastrointestinal cancer. Some reports have
found that resting energy expenditure (REE) and basal energy
expenditure (BEE) were similar in cancer patients (25,26),
while others have found that REE was greater than BEE in
cancer (27-30). Although increases in REE with cancer stage
progression were shown in one study (31), the differences in
nutritional status and energy metabolism by different cancer
locations were not well investigated.

This study examined nutritional status in patients with
gastrointestinal cancer by cancer stage and also by cancer
location in order to investigate factors influencing REE. The
effect of inflammatory cytokines (IL-6 and TNF-a) and
appetite-regulating hormones (ghrelin and leptin) on FFM and
energy metabolism were also investigated.

Patients and methods

Patients. Subjects were patients aged <80 years who were
admitted to Shiga University of Medical Science Hospital
for treatment (surgery, chemotherapy, and radiotherapy)
following a diagnosis of gastrointestinal cancer (esophageal
cancer, gastric cancer, or colorectal cancer) between June 2014
and October 2018. To eliminate the influence of prior treat-
ment as much as possible, the included patients were those
who had not undergone the above types of cancer treatment
previously and those who had received the latest dose of
chemotherapy or radiotherapy =1 month before admission
and had no adverse reactions to prior treatment. Exclusion
criteria were age <20 years or =80 years; physician-diagnosed
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refractory cachexia; severe obesity [body mass index (BMI)]
>30 kg/m?), hyper- or hypo-metabolic conditions (e.g., thyroid
disorders, liver cirrhosis, pulmonary disease, cardiac failure,
and Wernicke's encephalopathy), and dialysis. The Union for
International Cancer Control (UICC) classification system
was used for staging of gastrointestinal cancer. The present
study was conducted with approval by The Ethics Committee
of Shiga University of Medical Science (approval no. 26-28).
Informed consent was obtained from all subjects both verbally
and in writing.

Clinical parameters. The following anthropometric
measurements were obtained on admission: height (cm),
body weight (BW; kg), BMI (kg/m?), percent ideal BW
(%IBW), percent triceps skin fold thickness [%TSC;
100xTSF/reference value in the Japanese Anthropometric
Reference Data (JARD) 2001 (32)] and percent arm muscle
circumference [2AMC; 100x AMC/reference value in the
JARD 2001 (32)]. The SGA (22) and PG-SGA (23) were used
as nutrition screening tools. The SGA rating A was regarded
as well-nourished status; both B and C were regarded as
malnourished status (B: Moderate; C: Severe). Given that
PG-SGA score =4 is a requirement for nutrition intervention,
patients were divided into two groups using a PG-SGA cutoff
score of 4. Bioimpedance analysis was performed to deter-
mine FFM (kg), %FFM, body fat mass (FAT; kg), and %FAT
using a body composition analyzer (MLT-550N; SK Medical
Electronics Co.,Ltd.). Blood biochemistry tests were performed
to determine the levels of total protein (g/dl), albumin (g/dl),
C-reactive protein (CRP; mg/dl), serum IL-6 (pg/ml), serum
TNF-a (pg/ml), leptin (ng/ml), active ghrelin (fmol/ml), and
inactive (des-acryl) ghrelin (fmol/ml).

Energy metabolism. BEE was estimated using the
Harris-Benedict equation (33). REE, carbohydrate oxidation,
fat oxidation, and respiratory quotient (RQ) were measured
using indirect calorimetry (Aeromonitor® AE310S, Minato
Medical Science Co., Ltd.). REE was calculated using the
Weir equation without use of urinary nitrogen (34). RQ was
calculated as RQ = VCO,/VO,. Indirect calorimetry was
performed on fasted patients in the morning after resting in
the supine position on a bed for 30 min. The measurements
took ~10 min (35-37).

Energy intake. Mean daily energy intake, calculated based on
daily energy intake on 3 hospital days, was used as energy
intake in principle. Food intake rate (energy intake/energy
provided in hospital food) and energy satisfaction rate (energy
intake/energy requirement) were calculated. Energy require-
ment was estimated by multiplying REE by a physical activity
coefficient. Because all patients were ambulant, a physical
activity coefficient of 1.3 was used for all patients.

Statistical analysis. Statistical analysis was performed using
statistical software SPSS version 25 (IBM, Corp.). Results
are expressed as the mean + standard deviation. Associations
between independent groups were analyzed with the % test,
the Student's t-test, or the Mann-Whitney U test as appro-
priate. The Kruskal-Wallis test followed by Dunn's post hoc
test was used when comparing three or more groups. The
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Table I. Clinical parameters by cancer stage.
Characteristics Stage I, IT, n=27 Stage III, IV, n=24 P-value
Male/female 21/6 17/7 0.570*
Age, years 64+7 64+11 0.571°
Cancer stage, I/II/III/IV 16/11/0/0 0/0/13/11
Cancer origin, esophageal/gastric/colorectal 7/11/9 10/4/10 0.158*
Anthropometrics
Height, m 1.67+0.09 1.61+0.10 0.054¢
BW, kg 63.6x11.1 53.6x£104 <0.01¢
Body mass index, kg/m? 22.8+£3.0 20.5£3.5 <0.05¢
Body fat mass, kg 152472 13.0£6 .4 0.295¢
Fat-free mass, kg (n=46) 47.7+9.0 41.0£9.1 <0.05¢
% TSF (n=49) 101.5+£38.0 69.9+30.6 <0.01¢
% AMC (n=49) 102.6+£12.3 96.9+13.6 0.131°¢
Nutritional assessment
SGA, well-nourished/malnourished? 22/5 9/15 <0.01°
PG-SGA, <4/=4 (n=49) 13/13 3/20 <0.01*
BW loss in 6 months, % 1.7£3.5 63+74 <0.05"
Food intake rate, % (n=42) 99+3 7633 <0.01°
Energy metabolism
BEE, kcal/day 1,348+182 1,189+187 <0.01¢
REE, kcal/day 1,371£193 1,260+265 0.091¢
REE/BEE 1.02+0.09 1.06+0.12 0.214¢
REE/BW, kcal/kg/day 22.0+2.3 23.8+3.9 0.086¢
BEE/FFM, kcal/kg/day (n=46) 29.1+3.9 31.5£5.7 0.095¢
RQ 0.82+0.10 0.80+0.08 0.507¢
Blood biochemistry
Total protein, g/dl 6.8+0.5 6.7£0.5 0.302¢
Albumin, g/dl 4104 3.6£0.4 <0.01¢
C-reactive protein, mg/dl (n=49) 0.2+0.2 14+2.1 <0.01”
IL-6, pg/ml (n=49) 1.9+12 6.6+7.3 <0.01”
TNF-a, pg/ml (n=49) 09+04 1.4+0.6 <0.01¢
Leptin, ng/ml (n=48) 7.4+6.8 8.5+12.5 0.691°¢
Active ghrelin, fmol/ml (n=49) 11.8+94 14.9+15.6 0.398¢
Des-acyl ghrelin, fmol/ml (n=49) 146.0£121.6 133.6+68 4 0.489°

Each value is presented as the mean = standard deviation. % test; "Mann-Whitney's U test; ‘Student's t-test; ‘SGA-A, well nourished; SGA-B
or SGA-C, malnourished. Bold numbers indicate statistically significant results. BW, body weight; TSF, triceps skinfold thickness; AMC, arm
muscle circumference; SGA, Subjective Global Assessment; PG-SGA, Patient-Generated Subjective Global Assessment; BEE, basal energy
expenditure; REE, resting energy expenditure; RQ, respiratory quotient; IL, interleukin; TNF, tumor necrosis factor.

Jonckheere-Terpstra trend test was used to examine trends.
For correlation analysis, the Spearman's rank correlation coef-
ficient was used. P<0.05 was used to indicate a statistically
significant difference.

Results

Patient characteristics. Patient characteristics were
summarized by cancer stage and by cancer location
(Tables I and II, respectively). Subjects were 51 patients
(38 men, 13 women) aged <80 years admitted for treatment
of diagnosed gastrointestinal cancer. The distribution of

cancer stages I, I, I, and IV was 16, 11, 13, and 11 patients,
respectively. As for cancer location, the number of patients
with esophageal, gastric, and colorectal cancer was 17, 15,
and 19, respectively.

Nutritional screening. All 51 patients were assessed using
the SGA, and 49 were assessed using the PG-SGA. The SGA
identified more well-nourished patients in stages I/II than in
stages III/TV (P<0.01), with more malnourished patients in
stages III/IV than in stages I/II (P<0.01). Also, the PG-SGA
identified more patients requiring nutrition intervention in
stages III/I'V than in stages I/II (P<0.01). The proportion of
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Table II. Clinical parameters by cancer location.
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Characteristics Esophageal (n=17) Gastric (n=15) Colorectal (n=19) P-value
Male/female 16/1 11/4 11/8 <0.05"
Age, years 65+9 65+8 63+0 0.844¢
Cancer stage, I/II/III/IV 6/1/6/4 7/4/1/3 3/6/6/4 0.189°
Anthropometrics
Height, m 1.67+0.08 1.63+0.11 1.63+0.10 0.600°
BW, kg 57.0+11.2 61.6+14.8 58.5+9.8 0.387°
Body mass index, kg/m? 20.4+30 227433 22.2+3.6 0.161¢
Body fat mass, kg 11455 17.3+£6.6 14.2+£7.4 0.565°
Fat-free mass, kg (n=46) 45.6x10.1 43.8+10.8 43.9+8.4 0.943¢
% TSF (n=49) 68.1+30.7 108.5+44.7 86.3£30.5 0.048¢
% AMC (n=49) 97.2+10.9 99.2+12.4 102.6x15.3 0.643¢
Nutritional assessment
SGA, well-nourished/malnourished?® 9/8 10/5 12/7 0.704°
PG-SGA, <4/=4 (n=49) 6/10 6/8 4/15 0.368°
BW loss in 6 months, % 42463 3.5+6.8 39+5.6 0.910¢°
Food intake rate, % (n=42) 79429 90+25 74+39 0.077°
Energy metabolism
BEE, kcal/day 1,249+198 1,312+234 1,265+175 0.500°¢
REE, kcal/day 1,311+222 1,319+227 1,324+262 0.892¢
REE/BEE 1.05+0.10 1.01+0.07 1.05+0.13 0.462¢
REE/BW, kcal/kg/day 23.5+2.4 21.9+3.2 22.8+3.9 0.091¢
REE/FFM, kcal/kg/day (n=46) 29.0+3 4 30.7+4.8 3 1.0£6.2 0.624°
RQ 0.81+0.07 0.80+0.07 0.83+0.12 0.823¢
Blood biochemistry
Total protein, g/dl 6.8+0.6 6.9+0.5 6.6+0.5 0.225¢
Albumin, g/dl 3.9+0.5 4.0+0.5 3.8+0.3 0.229¢
C-reactive protein, mg/dl (n=49) 09+1.2 1.2+£2.7 0.4+0.7 0.522¢
IL-6, pg/ml (n=49) 4.4+4.5 4.2+6.7 3.8+5.7 0.723¢
TNF-a, pg/ml (n=49) 1.0+£0.5 1.1+0.6 1.2+0.6 0.688¢
Leptin, ng/ml (n=48) 5.5+£2.6 6.7£3.9 11.3+£154 0.792¢
Active ghrelin, fmol/ml (n=49) 15.2+10.2 14.2+19.2 10.8+6.9 0.310¢
Des-acyl ghrelin, fmol/ml (n=49) 154.8+99 4 110.4+£89.3 153.1+111.0 0.053¢

Each value is presented as the mean = standard deviation. *SGA-A, well nourished; SGA-B or SGA-C, malnourished. Py test; “Kruskal-Wallis
analysis. Bold numbers indicate statistically significant results. BW, body weight; TSF, triceps skinfold thickness; AMC, arm muscle circumfer-
ence; SGA, Subjective Global Assessment; PG-SGA, Patient-Generated Subjective Global Assessment; BEE, basal energy expenditure; REE,
resting energy expenditure; RQ, respiratory quotient; IL, interleukin; TNF, tumor necrosis factor.

patients with malnourished status increased with cancer stage
progression (Table I).

When the SGA results were examined by cancer location,
the numbers of well-nourished patients and malnourished
patients were similar in esophageal cancer, whereas there
were more well-nourished patients than malnourished patients
in gastric cancer and colorectal cancer. The PG-SGA identi-
fied more patients requiring nutritional intervention than
not requiring nutritional intervention, irrespective of cancer
location. However, nutritional screening results using both
the SGA and PG-SGA showed no significant association with
cancer location. There was no significant difference between
cancer locations, although %TSF was lower in esophageal

cancer than colorectal cancer (Dunn's post hoc analysis,
P=0.043, Table II).

Anthropometric measurements, body composition analysis,
energy intake. BW, BMI, %IBW, and FFM were significantly
lower in stages III/IV than stages I/II. There was no signifi-
cant difference in %FAT, but FAT decreased as cancer stage
progressed (15.2+7.2 kg in stages I/IT vs. 13.0+6.4 kg in
stages III/IV). Also, %TSF was lower in stages III/IV (69.9%)
than in stages I/II (101.5%). Percent BW loss in 6 months
was significantly larger in stages III/IV (6.3+7.4%) than in
stages I/II (1.7+3.5%). Food intake rate was significantly lower
in stages III/TV (76+£33%) than in stages I/II (99+3%) (Table I).
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Figure 1. Cancer stage and levels of inflammatory cytokines and appetite-regulating hormones. Association of cancer stage with (A) IL-6, (B) TNF-a, (C) active
ghrelin, (D) leptin and (E) inactive ghrelin. Jonckheere-Terpstra trend test was performed to analyze the data. IL, interleukin; TNF, tumor necrosis factor.

Blood biochemistry. Albumin level tended to be lower while
CRP level tended to be higher in stages III/IV than in stages I/11.
Levels of inflammatory cytokines, such as IL-6 and TNF-a
were significantly higher in stages III/IV than in stages I/II.
The trend test of inflammatory cytokines showed significant
increases with cancer stage progression (Fig. 1A and B). Also,
the levels of the appetite-regulating hormones active ghrelin
and leptin were not associated with cancer stage (Fig. 1C-E).
However, the level of active ghrelin was significantly increased
in stage IV compared with stage III (Mann-Whitney's U test,
P=0.009).

Energy metabolism. The trend test of BEE and REE
showed significant decreases with cancer stage progression

(Fig. 2A and B). Similarly, BW and FFM showed significant
decreases with cancer stage progression (Fig. 2C and D).
Indices of energy metabolism, such as REE/BW and
REE/FFM, tended to become higher with cancer stage progres-
sion (Fig. 2E and F). Results of this study revealed an energy
requirement per BW of 22 kcal and a stress coefficient of 1.0 for
patients with stages I/II disease and an energy requirement per
BW of 24 kcal and a stress coefficient of 1.1 for patients with
stages III/IV disease (stress coefficient was calculated using
REE/BEE).

Association of inflammatory cytokines with FFM and
energy metabolism. Inflammatory cytokines mediate cancer
progression, and they either decrease FFM or increase energy
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Figure 2. Energy expenditure by cancer stage. Association of cancer stage with (A) BEE, (B) REE, (C) BW, (D) FFM, (E) REE/BW and (F) REE/FFM.
Jonckheere-Terpstra trend test was performed to analyze the data. BEE, basal energy expenditure; REE, resting energy expenditure; BW, body weight;

FFM, fat-free mass.

metabolism. Therefore, their correlations were analyzed. FFM
and inflammatory cytokines were found to have a negative
correlation (Fig. 3A and B).

REE/FFM was used as an energy metabolism index and
showed a positive but insignificant correlation with both IL-6
and TNF-a (Fig. 3C and D). On the other hand, food intake
rate significantly decreased as the levels of inflammatory
cytokines increased (Fig. 3E and F).

Association of appetite-regulating hormones with FFM
and energy metabolism. As shown in Fig. 1C, the level
of active ghrelin was increased in patients with stage IV

cancer. This elevated level could have a compensatory
function maintain homeostasis. Therefore, the correla-
tions related to appetite-regulating hormones are presented
separately in Figs. 4 and 5 for stages I/II and stages III/IV,
respectively.

The increased level of active ghrelin was correlated with
a significant increase in REE/FFM and a significant decrease
in food intake rate (Fig. 4B and E). On the other hand, an
increased level of leptin tended to be associated with mild
increases in FFM and food intake rate (Fig. 4B and F).

Fig. 5 also shows the correlations between the inflamma-
tory cytokines and appetite-regulating hormones. There was
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Figure 3. Correlations of the levels of inflammatory cytokines with FFM, energy metabolism and food intake. Correlations of FFM with (A) IL-6 and
(B) TNF-a. Correlations of REE/FFM with (C) IL-6 and (D) TNF-a. Correlations of food intake rate with (E) IL-6 and (F) TNF-a. Rho indicates Spearman's
rank correlation coefficient. P-values and rho values on each graph were calculated for all patients. FFM, fat-free mass; IL, interleukin; TNF, tumor necrosis

factor; REE, resting energy expenditure.

a significant positive correlation between the level of active
ghrelin and IL-6 (Fig. 5A).

Discussion

This study confirmed increases in the inflammatory cytokine
levels with cancer stage progression and suggests the possible
correlation of increases in inflammatory cytokine levels with
an increase in energy metabolism and decreases in food intake
rate and FFM. There were also correlations of the level of
active ghrelin with the level of IL-6 and energy metabolism
in cancer patients.

Nutritional status in cancer patients was assessed using
two screening tools, the SGA and PG-SGA. Regardless of the
tool used, increased numbers of malnourished patients were

observed with cancer stage progression. Also, the PG-SGA
identified more patients requiring nutritional intervention than
the SGA did. In particular, patients requiring nutritional inter-
vention accounted for 79% of patients with colorectal cancer.
The sensitivity of the PG-SGA appeared to be higher than that
of the SGA because the PG-SGA, but not the SGA, includes
patient concerns in the assessment.

This study confirmed increases in inflammatory cytokine
levels in blood with cancer stage progression. IL-6 tended to
be particularly high in patients with stage IV cancer, while
TNF-a increased stepwise as cancer stage progressed. The
proportion of patients with stage IV cancer was relatively
low, which could explain the non-significant correlations
with FFM and energy metabolism. It is noteworthy that both
cytokines showed negative correlations with food intake rate.
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Taken together, the levels of inflammatory cytokines increase
with cancer progression, and this leads to decreases in food
intake rate, increased energy metabolism, and decreased
FFM.

Ghrelin is known to suppress energy metabolism and
inflammatory cytokines, such as IL-6 and TNF-a (15).
However, in this study, energy metabolism and IL-6 were
positively correlated with active ghrelin. A state of ghrelin
resistance exists in cancer patients. Therefore, energy
metabolism was not suppressed even at high active ghrelin
levels, and IL-6 appeared to correlate with active ghrelin.
In line with this, food intake rate was also negatively

correlated with active ghrelin in cancer patients, suggesting
that the increased ghrelin failed to compensate for increased
appetite.

It has been speculated that the level of serum leptin
decreases with cancer progression because it is a hormone
released from fat cells (38) and is known to suppress appe-
tite (39). However, this study did not find any significant
differences among cancer stages or among cancer locations.

This study has some limitations. First, this is a single-center
study, and therefore generalization of the results is limited.
Second, data were collected before treatment, and changes in
energy metabolism with time were not examined. Third, the
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Figure 5. Correlations of the levels of inflammatory cytokines with appetite-regulating hormones. Correlations of active ghrelin with (A) IL-6 and (B) TNF-a.
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imbalances in patient sex, cancer stage, and cancer location
might have influenced the results. More accurate findings can
be obtained by using a larger sample size with adjustments for
patient sex, cancer stage, and cancer location.

In conclusion, analysis by cancer stage in patients with
gastrointestinal cancer showed that levels of inflammatory
cytokines increased with cancer stage progression, which
may lead to decreases in food intake rate and FFM, and with
increases in energy expenditure. In particular, the level of IL-6
influenced energy metabolism. Furthermore, the TNF-a level
was significantly associated with decreases in FFM. In terms
of the appetite-regulating hormones, we found that the level
of active ghrelin was positively correlated with that of IL-6
and with energy metabolism, which suggests a state of ghrelin
resistance.
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