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Abstract

Objective: Gastrointestinal (GI) cancer patients often experience severe malnutrition during cancer therapies due
to gastrointestinal dysfunctions including poor digestion and absorption as well as tumor-associated anorexia. In this
study, we performed a randomized clinical trial to determine the efficacy of oral nutrition supplement (ONS) enriched
with omega-3 fatty acids on nutritional status, quality of life (QOL), and pro-inflammatory indices. Methods: Patients
diagnosed with GI cancers were recruited and screened for eligibility. A total of 58 patients were randomly allocated to
either the control group (n=27) or the experimental group (n=31). The intervention group received 200 ml ONS twice a
day while the control group received routine care. Anthropometrics, Patient-Generated Subjective Global Assessment
(PG-SGA) score, QOL score and nutrient intake data were collected at baseline, week 4 and week 8. Blood was drawn
for biochemical assessments. Nine patients from each group dropped out of the study Forty patients (18 control patients
and 22 intervention patients) completed the study. Results: This study showed that ONS intervention improved PG-SGA
scores in the intervention group (p<0.01). Scores of physical functioning score and role functioning were declined only
in the control group and the difference between week 8 and baseline for role functioning was significant (p<0.001).
Fatigue score was steadily decreased in the experiment group, and the differences between week 8 and baseline was
significant between two groups (p<0.02). However, no statistically significant improvement in biochemical markers of
nutritional status and pro-inflammatory cytokine concentrations were found. These results suggests that ONS intervention
for 8 weeks improves PG-SGA scores and QOL scores in patients undergoing cancer therapy.
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the loss of skeletal muscle and body fat. However, there
has been a lack of consensus to define the severity of
cachexia which is necessary in the development of
treatment protocol. The cachexia scoring tool, CASCO

Introduction

Non-communicable diseases including cardiovascular
diseases (CVD), cancer, chronic respiratory diseases and

diabetes have attributed to global premature deaths. The
world health organization reported 18.1 million cancer
cases in 2018 suggesting 1 in 8 men and | in 10 women
are likely to develop cancer during their lifetimes (Bray
etal., 2018). Most common cancers in men include lung,
prostate, colorectum, stomach and liver cancers, while
those of in women are breast, colorectum, lung, cervix
uteri and thyroid cancers.

Cancer cachexia is a multifactorial condition
influencing 50 to 80% of cancer patients and it is
responsible for 20% of cancer deaths (Warren, 1932;
Fearon et al., 2011). Cachexia reveals impairments in
energy and protein balance leading weight loss through

is a most recent method to calculate cachexia score based
on different components including body weight loss,
body composition, inflammation, metabolic disturbances,
immunosuppression, physical performance, anorexia,
and quality of life (QOL) (Argilés et al., 2011). All of
these components are associated with cachexia in a very
complicated way. A negative energy balance in cachexic
patients is attributed by decreased energy intake due
to anorexia and inefficient energy use resulted from
futile cycle and/or reduced mitochondrial ATP synthesis
(Constantinou et al., 2011). Other molecular links between
cancer cachexia and the wasting of skeletal muscle and
adipose tissue have been described (Argilés et al., 2014).
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Nutritional status of cancer patients affects therapeutic
efficacy and the disease survival is influenced by the
degree of anorexia. Tumor-associated molecules such as
pro-inflammatory cytokines, proteolysis inducing factor
and lipid mobilizing factor are known to trigger the loss of
appetite. Also, cancer therapy-associated factors such as
mucositis, taste aversion, nausea and vomiting induce the
loss of appetite. As the efficacy of treatments is determined
by the patients’ nutritional status, nutrition intervention
before and during cancer treatment became a major
strategy in cancer care. A recent systemic review showed
that 65% of 28 studies found oral nutrition supplements
(ONS) intervention improved one or more markers of
nutritional status, immune function and inflammatory
responses. Unfortunately, however, there is a lack of
consensus on nutrition intervention for cancer patients
partly because cancer patients receiving treatments often
experience vomiting and dysphagia making dietary
intervention very difficult.

Recently, ONS enriched with functional ingredients
are available especially to maintain immunological
homeostasis and to suppress cancer therapy-induced
inflammatory responses (Bozzetti, 2013). Long chain
omega-3 fatty acids, eicosapentaenoic acids (EPA)
and decosahexaenoic acids (DHA) are most frequently
used dietary supplement possibly possessing anti-
inflammatory activity. Cancer therapy-induced anorexia
often accompanies higher circulating concentrations of
pro-inflammatory cytokine, which is known to contribute
to the metabolic alterations causing the loss of muscle
and fat tissue. Therefore, the objective of this study was
to evaluate the efficacy of omega-3 fatty acids fortified
nutrition supplement intervention on nutritional status,
QOL, and pro-inflammatory cytokine concentrations of
cancer patients.

Materials and Methods

Study participants

Patients were recruited from the Department and
Gastroenterology in Korea University Anam Hospital and
Yonsei University Severance Hospital between August
2015 and September 2016. Patients (>20 years old) newly
diagnosed as having malignant tumor(s) were screened for
eligibility and 58 patients who agreed to participate the
study were enrolled (27 in the control group and 31 in the
intervention group). Patients included in the study were
those who are in stages between II to IV receiving one
or more cancer therapies without taking any nutritional
supplements. Patients who had acute infectious diseases,
cardiac insufficiency, hepatic insufficiency or patients
receiving hemodialysis were excluded. Dropouts were
determined on the basis of clinical needs or participants’
request to discontinue. During the course of the study, 18
patients dropped out of the study (9 from the control group
and 9 from the intervention group) and final analysis was
performed in 18 patients in control group and 22 patients
in the intervention group. The study was approved by
Institutional Review Board of Korea University Anam
Hospital (ED14261) and Yonsei University Severance
Hospital (4-2015-0436). This study is registered in the
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Clinical Research Service, the Korean Centers for Disease
Control and Prevention (PRE20210113-004).

Study design and ONS preparation

Cancer patients eligible for the study were randomly
allocated to the experimental group and the control group.
The intervention period was 8 weeks long and patients
visited study center three times (week 0, 4 and 8) to have
anthropometric, clinical and biochemical measurements
taken (Figure 1). Demographic characteristics were
collected at baseline. Three-day dietary records were
collected at each visit during the intervention. Both
control and experimental groups received regular nutrition
counseling and education, while only experimental
group was asked to take ONS twice a day (400 ml, 400
kcal). Patients were asked to record the amounts of ONS
consumed and weekly telephone counseling was used
to determine and maintain compliance. Patients in the
control group also received weekly telephone call from
a trained dietitian for nutrition counseling. ONS was a
product of Daesang Wellife (Seoul, South Korea) enriched
with omega-3 fatty acids (70mg/200ml) and arginine
(250mg/200ml). The composition of test product is shown
in supplementary Table 1.

Demographic, anthropometric and clinical measurements

Study subjects were surveyed for demographic
characteristic including sex, birth date, smoking history
and drinking habit. Anthropometric measurements were
taken at each visit. Body composition was determined
using multi-frequency bioelectrical impedance analysis
(InBody, Seoul, South Korea). Patient-Generated
Subjective Global Assessment (PG-SGA) was used to
evaluate improvements in nutritional status of the study
participants. A trained dietitian filled out questionnaires in
A section of the PG-SGA by face to face interview (weight
changes, food intake, clinical symptoms associated with
eating behavior, and activities and functions). Body
temperature, triceps skinfold thickness, mid-arm muscle
circumference were also used to determine PG-SGA
score. Dietary intake was assessed by using a 3-day 24-
hour recall and concurrent dietary records at each visit.
A dietitian interviewed patients for their 3-day 24-hour
recalls and patients were asked to record their dietary
intake by using food model and food weight table. Nutrient
intake was analyzed by Can-pro 4.0 (Korean Nutrition
Society, Seoul, Korea).

OOL questionnaire

QOL scores were determined by using EORTC-QLQ
C30 (version 3, European Organization for Research and
Treatment of Cancer). The questionnaire is composed of
30 questions on three different sections, which are global
health status, functional scales and symptom scales.

Biochemical measurements

Venous blood samples were collected at each visit.
Nutritional biomarkers including hemoglobin, albumin,
prealbumin, cholesterol, and transferrin were analyzed at
the central laboratory of participating Hospitals. Serum
concentrations of tumor necrosis factos-alpha (TNF-a),



interleukin-6 (IL-6) and interleukin-8 (IL-8) were
measured using high-sensitive ELISA detection kit (R&D,
Minneapolis, MN, USA).

Statistical analyses

Per protocol analyses were applied. All measurements
were expressed as mean + standard deviation and SPSS
program (version 23, 2016, IBM Institute Inc., USA)
was used. Baseline anthropometric measures were
analyzed using student’s t-test if the test statistic follows
a normal distribution otherwise Mann-whitney U test
was used to compare the control and the intervention
groups. Efficacy data were compared using the repeated
measured ANOVA test if the test statistic follows a normal
distribution. For those data showing skewed distribution,
Mann-whitney U test was used to determine the group
effect, and Kruskal-wallis test was used to determine
time effect and the interaction between group and time.
Comparisons between the mean of two different weeks
were conducted by paired t-test or Wilcoxon signed rank
test. Comparisons between the mean of two groups were
conducted by student’s t-test of Mann-whitney U test.
P-values were determined after Bonferroni corrections
for multiple comparisons.

Results

Demographic and clinical characteristics

This study included 18 control and 22 ONS intervention
participants. Anthropometric and cancer characteristics
measures were not significantly different between two
groups (Table 1). The average body weight loss was
5.06% in the control group and 6.01% in the intervention
group. Primary diagnosis sites in the control group were 1
esophagus, 1 duodenum, 5 stomach, 4 pancreas, 3 colon,
1 cecum, 3 rectum and those of the ONS group were
1 esophagus, 3 gallbladder, 1 duodenum, 3 stomach, 8
colon. Percentage of patients in different cancer stage
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were 11.1% (stage 1), 16.7% (stage III), 72.2% (stage
IV) in the control group and 9.1% (stage II), 36.4% (stage
I1T), 54.5% (stage IV) in the intervention group. Majority
of the patients received chemotherapy or surgery +
chemotherapy in both groups. Among 58 patients enrolled,
18 patients dropped out of the study. Reasons for drop-outs
during the protocol were the transfer to another hospital
(n=3), symptom of nausea (n=2), refusal to continue due
to poor conditions (n=8). Five of the patients died during
the course of the study.

Dietary intake

We have also analyzed basal dietary intake using
3-day 24-hour recall and dietary intake record data
(Supplementary Table 2). Basal dietary intake did not
include nutrient intake supplied by ONS intervention.
Results showed no difference within and between
groups except vitamin K, which was higher among the
control group patients. Comparisons of dietary intake
including ONS showed that total calorie (week 4 and 8),
carbohydrate (week 8), fat (week 4 and 8) and protein
(week 4 and 8) intake were higher in the intervention group
compared to those of the control group (Supplementary
Table 3). Also vitamin D, vitamin E, vitamin C, vitamin
B-6, calcium, phosphorus, magnesium, zinc and selenium
intake were higher in the intervention group compared to
those of the control group.

PG-SGA scores

PG-SGA scores at baseline were 11.9 and 12.4 in the
control and the intervention group, respectively (Table 2).
Repeated measure ANOVA indicated PG-SGA scores
were significantly improved depending on study duration
in both groups. No significant difference between groups
was observed. However, the paired t-test between week
0 and week 8 showed significant improvements only in
the intervention group.

Number of patient
HN=38

/

Basecline Control group

N=17

Drop-outs

m’_rh“ :3'i -

Tramsfer (m=1) +

Mo specific reason (n=1)

Inclisded in anoiher studyvs {m=-4) Control group
N=18

|

N

Experimental Bascline |
group
N=31 Dirop-ouls
(ONS I cans'day)
Dreath (n=2)
—* Transfer (w=2)
L Nausen (m=2)
Poor condition (m=1)
E'ipﬂ‘lﬂ:!_l;;l group Mo specific reasom (n=2)

1 Week &

Patients incloded in the

amalyses
MNe=dil)

Figure 1. Patient Enrollment and Drop-Out Shown in Consort Flowchart. Patients (>20 years old) newly diagnosed
as having malignant tumor(s) were screened for eligibility and 58 patients who agreed to participate the study were
enrolled. Dropouts were determined on the basis of clinical needs or participants’ request to discontinue. During the
course of the study, 18 patients dropped out of the study and final analysis was performed in 18 patients in control

group and 22 patients in the intervention group.
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Table 1. Baseline Characteristics of the Intervention and Control Group Patients

Control (n=18) Experiment (n=22) p-value
Age (years) 65.39 +2.442 63.64 +1.79 0.558%
Height (cm) 160.87 +2.29 164.22 £1.19 0.206°
Body weight before diagnosis (kg) 61.86 +£2.30 64.88 +£1.76 0.296%
Body weight change? (%) -5.06 +0.65 -6.01 £0.99 0.3921
Sex , no. of subjects (%)
Male 13 (72.2) 19 (86.4) 0.430'"
Female 5(27.8) 3(13.6)
Diagnosis site, no. of subjects (%)
Esophagus 1(5.6) 1(4.5) 0.0927
Gallbladder 0(0.0) 3(13.7)
Duodenum 1(5.6) 1(4.6)
Pancreas 5(27.8) 3 (13.6)
Stomach 4(22.2) 6(27.3)
Colon 3(16.7) 8(36.4)
Cecum 1(5.6) 0(0.0)
Rectum 3(16.7) 0(0.0)
Cancer stage, no. of subjects (%)
Stage 11 2(11.1) 29.1) 0.397'
Stage I1I 3(16.7) 8(36.4)
Stage IV 13(72.2) 12 (54.5)
Treatment, no. of subjects (%)
Chemotherapy 10 (55.6) 16 (72.7) 0.3637
Chemo+Radiation 0(0.0) 1(4.6)
Surgery 1(5.6) 0(0.0)
Chemo+Surgery 6(33.2) 5(22.7)
Chemo+Radiation+Surgery 1(5.6) 0(0.0)
Smoking, no. of subjects (%)
Never 8 (44.4) 8(36.4) 0.5457
Former 8 (44.4) 10 (45.5)
Current 2(11.1) 4(18.2)
Drinking, no. of subjects (%)
Never 6(33.3) 8(36.4) 0.2427
Former 9 (50.0) 13 (59.1)
Current 3(16.7) 1(4.5)
Supplement, no. of subjects (%)
Yes 0 (0.0) 3 (13.6) 0.238"
No 18 (100.0) 19 (86.4)
ECOG (Pateient performance status) 0.89+0.14 1.00+0.17 0.760"

* Data for age, body weight and sex are mean = SD (control n=18, experimental n=22); *, Data for diagnostic site, cancer stage, treatment, smoking,
drinking, supplement, and ECOG are numbers (%) of subjects; ¥, p-value for differences between two groups were calculated by Student’s t-test;
9, p-value for differences between two groups were calculated by Mann-Whitney U test; '™ p -value for differences between two groups were
calculated by Fisher test; Abbreviation: EGOC-Eastern Cooperative Oncology Group

QOL scores

QOL scores at baseline, week 4 and week 8 are
presented in Table 3. The global health status scores
were increased only in the intervention group. Repeated
measure ANOVA did not show significant group effects
on global health status score, however the paired t-test
showed a significant increase at week 8 compared to
baseline score. Among functional scales, role function
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score was significantly decreased in the control group
at week 8, while that of the intervention group did not
change. There was a group effect at p=0.056. Differences
in role functioning (baseline vs. week 8) were significant
between the control and intervention group. Also, the
paired t-test between weeks showed significant decreases
in role functioning scores only in the control group.
Fatigue symptom scores were steadily increased in the
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Table 2. The Changes of PG-SGA Scores During the Intervention Period

Repeated measure Paired t-test' Student’s t-test
Week 0 Week 4 Week 8 ANOVAS p-value p-value
Source p-value  Week 0 vs Week 8 Week8
PG-SGAT Time 0.002
Control 11.89+£0.69 11.78+0.90  10.67 £0.67 Group 0.137 0.190 0.118
Experiment  12.36 + 0.66 9.50 +£0.78 8.95+0.80 Time*Group  0.087 0.001

2 Data are expressed in means =+ standard deviations; ¥, Time effect, group effect, and the interaction between time and group were determined;
1, Differences in values between week 0 and week 8 within the group were determined; Abbreviation: PG-SGA-Patient-Generated Subjective
Global Assessment

Table 3. Differences in QOL Scores Following 4 and 8 Weeks of Intervention in Study Participants under Cancer
Therapy

Repeated measure Paired t-test! Student’s t-test’™
Week 0 Week 4 Week 8 ANOVA? p-value p-value
Source p-value  Week 0 vs Week 8 Week 8
Global health status
Time 0.130
Control 62.50 & 5.40° 65.05+4.63 65.97 +4.86 Group 0.765 0.335 0.393
Experiment 5511 +6.15 64.96 £ 5.57 71.59 £4.34 Time*Group 0.363 0.001
Functional scales
Physical Time 0.55
Control 79.63 +3.71 71.67 £ 6.03 68.15+7.20 Group 0.056 0.077 0.064
Experiment 82.73 £4.29 79.39 £ 4.02 83.48+£3.23 Time*Group 0.393 0.815
Role Time 0.401
Control 84.20 +5.95 64.81+8.72 65.74+7.91 Group 0.399 0.001 0.135
Experiment 79.32 £4.90 77.27 £ 6.06 79.55+£5.02 Time*Group 0.39 0.971
Emotional Time 0.619
Control 87.96 +£4.33 81.94+5.10 86.11 +£4.95 Group 0.483 0.771 0.859
Experiment 82.20+4.26 85.23 £3.51 87.12+£3.18 Time*Group 0.797 0.253
Cognitive Time 0.601
Control 97.22+£2.02 91.67£4.10 91.67+4.31 Group 0.503 0.210 0.881
Experiment 92.42+3.24 94.70 + 2.30 92.42+2.84 Time*Group 0.793 0.998
Social Time 0.437
Control 87.04 +3.94 78.70 £ 4.63 73.15+7.15 Group 0.930 0.078 0.211
Experiment 77.27£6.16 73.48 £ 6.27 84.09 +4.71 Time*Group 0.592 0.206
Symptom scales
Fatigue Time 0.844
Control 18.52 £4.67 21.60 + 6.25 3521+8.15 Group 0.528 0.020 0.053
Experiment 28.28 +6.15 21.21 £5.89 16.66 +4.18 Time*Group 0.612 0.076
Nausea and vomiting Time 0.397
Control 3.70 £2.15 9.26 +4.09 11.11 £ 6.03 Group 0.928 0.289 0.323
Experiment 18.94+6.79 7.58 +4.06 4.55+3.32 Time*Group 0.169 0.027
Pain Time 0.412
Control 7.41+£3.62 4.63+3.25 12.96 £ 5.96 Group 0.155 0.411 0.486
Experiment 19.70 £ 5.55 14.39 +£5.94 8.33+3.42 Time*Group 0.243 0.083
Dyspnea Time 0.976
Control 7.41+£3.36 5.56+3.01 2222 +8.94 Group 0.101 0.104 0.035
Experiment 6.06 +2.80 7.58 £3.76 1.51 £1.51 Time*Group 0.256 0.083
Insomnia Time 0.259
Control 14.82+7.24 16.67 = 8.20 20.37 +£8.15 Group 0.61 0.636 0.282
Experiment 31.82+8.05 12.12+5.17 10.61 £4.59 Time*Group 0.203 0.005
Appetite loss Time 0.365
Control 25.93 +£8.76 18.52+£6.16 2222 +8.52 Group 0.963 0.742 0.313
Experiment 27.27+7.48 2424 +£7.65 12.12+5.61 Time*Group 0.726 0.057
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Table 3. Continued

Repeated measure

Paired t-test!

Student’s t-test'"

Week 0 Week 4 Week 8 ANOVA* p-value p-value
Source p-value  Week 0 vs Week 8 Week 8
Constipation Time 0.567
Control 20.37 +7.69 12.96 +5.48 25.93+£9.55 Group 0.252 0.564 0.087
Experiment 19.70 +7.16 12.12+5.61 7.58 £3.76 Time*Group 0.653 0.029
Diarrhea Time 0.298
Control 14.81£6.72 7.41+431 7.41 £5.08 Group 0.523 0.387 0.399
Experiment 10.61 +5.54 6.06 +2.81 3.03+2.09 Time*Group 0.671 0.233
Financial difficulties Time 0.588
Control 20.37+£5.48 27.78 £5.56 27.78 £7.74 Group 0.005 0.387 0.046
Experiment 18.18 £5.69 15.15+4.77 9.09 +4.49 Time*Group 0.079 0.056

¢ Data are expressed in means + standard deviations; ¥, Time effect, group effect, and the interaction between time and group were determined;
1, Differences in values between week 0 and week 8 within the group were determined; ™', Differences in values between two groups at week 8 were
determined; All p-values are adjusted for multiple comparison using Bonferroni

control group, while those of the intervention group were
decreased. Although repeated measured ANOVA did not
find group effects, differences in fatigue score (baseline
vs. week 8) were significant between the control and
intervention group. Also, the paired t-test between weeks
showed that the score at week 8 was significantly higher
compared to that of the baseline only in the intervention
group. There was a significant time and group interaction
(p=0.027) in nausea and vomiting scores showing a steady
increase in the control group and a steady decrease in
the intervention group. The same trend was observed for
insomnia and constipation scores. The paired t-test showed
significant worsening of social functioning (baseline vs.

week 4) and constipation (baseline vs. week 8). In the
meantime, significant improvements were observed for
nausea and vomiting (week 4 vs. week 8), dyspnea (week
4 vs. week 8), insomnia (baseline vs. week 4 and baseline
vs. week 8) and constipation (baseline vs. week 8).

Biochemical markers

Biomarkers of nutritional status including albumin,
prealbumin, cholesterol, and blood cell counts and sizes
were determined (Table 4). Hemoglobin concentration was
slightly decreased while transferrin was increased in a time
dependent manner, while no significant difference between
groups was observed. Pre-albumin was increased in the

Table 4. Differences in Blood Concentrations of Nutritional Markers Following 4 and 8 Weeks of Intervention in

Study Participants Under Cancer Therapy

Repeated measure

Paired t-test'

Student’s t-test'™

Week 0 Week 4 Week 8 ANOVA? p-value p-value
Source p-value  WeekO vs Week§8 Week 8
Hemoblobin (g/dL) 12-17 Time 0.028
Control 11.60 + 0.42° 10.93 £ 0.45 11.01 +£0.33 Group 0.245 0.136 0.579
Experiment 12.11+0.32 11.74 £ 0.38 11.30+£0.38  Time*Group 0.564 0.070
Prealbumin (mg/dL) 20-40 Time 0.921
Control 21.81+1.51 27.97+4.22 28.34+3.94 Group 0.044 0.160 0.558
Experiment 23.13+1.17 23.78 £ 1.36 2398+ 1.52  Time*Group 0.498 0.472
CPR (mg/L) 0-5 Time 0.392
Control 12.59+3.91 11.79 +4.42 18.02 £8.71 Group 0.589 0.412 0.722
Experiment 10.05 +2.46 25.19+15.29 14.99 +5.21 Time*Group 0.818 0.371
Albumin (g/dL) 3.5-5.2 Time 0.826
Control 3.91+0.16 3.76 £0.16 3.86+£0.12 Group 0.021 0.702 0.218
Experiment 3.64£0.11 3.76 £ 0.08 3.65+0.11 Time*Group 0.243 0.940
Cholesterol(mg/ dL) 130-239 Time 0.926
Control 153.33 £7.37 140.94 £ 8.95 141.56 +£7.02 Group 0.419 0.108 0.268
Experiment 146.59 + 8.72 159.82 £9.06 155.77+9.62  Time*Group 0.055 0.332
Trensferrin(mg/ dL) 200-360 Time 0.010
Control 237.08 £ 14.64 253.50+18.90 261.20+16.07 Group 0.756 0.021 0.624
Experiment 234.05+£9.19 24987+ 11.54 251.07+13.11 Time*Group 0.850 0.161

2 Data are expressed in means + standard deviations; ¥, Time effect, group effect, and the interaction between time and group were deter-
mined; ¥, Differences in values between week 0 and week 8 within the group were determined; 7, Differences in values between two groups at week
8 were determined; All p-values are adjusted for multiple comparison using Bonferroni
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Repeated measure Paired t-test Student’s t-test'"

Week 0 Week 4 Week 8 ANOVAS p-value p-value
Source p-value  Week 0 vs Week 8 Week 8
11-6 (pg/ml) Time 0.752
Control 7.14 £ 1.99 10.41 +4.21 16.11 £ 6.60 Group 0.380 0.117 0.301
Experiment  6.53 +0.98 13.09 £ 4.68 9.26 +2.42 Time*group 0.896 0.417
11-8 (pg/ml) Time 0.999
Control 77.09+17.54 73.70+21.29  96.21 +31.68 Group 0.531 0.556 0.638
Experiment 65.89 +18.34 81.39+30.05 77.38+24.86  Time*group  0.955 0.749
TNF-a (pg/ml) Time 0.423
Control 1870 £3.15  18.26+2.95 20.29 £2.99 Group 0.642 0.355 0.741
Experiment  16.64+£1.63  23.79+6.69 21.67+2.84 Time*group 0.839 0.157

2 Data are expressed in means =+ standard deviations; ¥, Time effect, group effect, and the interaction between time and group were
determined; ¥, Differences in values between week 0 and week 8 within the group were determined;’, Differences in values between two groups at
week 8 were determined; Abbreviations: IL-6-interleukin-6, IL-8-interleukin-8, TNF-a-tumor necrosis factor-alpha

control group with a between group difference (p=0.044)
while albumin concentration was decreased in the control
group with a between group difference (p=0.021). There
was a significant interaction between time and group in
the concentration of cholesterol showing decreases in the
control group and increases in the intervention group.
Concentrations of Inflammatory cytokines did not exhibit
any differences (Table 5).

Discussion

In this study, we performed a randomized clinical
trial to determine the efficacy of an 8-week intervention
of oral nutrition supplement enriched with omega-3 fatty
acids on nutritional status, QOL and pro-inflammatory
indices in stage Il to IV gastrointestinal cancer patients
under treatment. Cancer patients under cancer therapy
experience loss of appetite, significant weight losses,
and low QOL scores. Loss of appetite is induced by
therapy-derived gastrointestinal symptoms such as nausea,
vomiting and mucositis. Cancer cachexia also attributes
to significant weight losses in patients in association with
elevated inflammatory responses. To lessen symptoms of
cancer cachexia, proper nutrition intervention using ONS
containing possible anti-inflammatory compounds has
been suggested.

Severe weight loss and malnutrition in cancer cachexia
often leads to discontinuation of cancer treatment followed
by decreased cancer survival. Therefore, nutrition
screening and early nutrition intervention may prevent
severe malnutrition (Schmidt etal.,2013; Umetal., 2014)
and associated cancer deaths. Despite the malnutrition
originated from cancer cachexia differs from other disease-
oriented or age-related malnutrition, nutrition screening
tools specifically designed for cancer patients are sparse.
PG-SGA is the most widely accepted tools for assessing
nutritional status of cancer patients (Mendes et al., 2019).
PG-SGA has been suggested as a tool reflecting dynamic
nutritional status of the patient compared to other nutrition
assessment tools because it scores acute weight changes
in addition to intermediate or chronic weight change
(Jager-Wittenaar and Ottery, 2017). Although we found no

significant improvement in PG-SGA scores between two
groups in the repeated measure analyses possibly due to
the small sample size and wide variability in the degree of
weight loss in study subjects, within-group comparisons
showed a significantly decrease in PG-SGA score only in
the nutrition intervention group. Despite PG-SGA score
well represents the nutritional status of cancer patients,
ONS intervention studies have shown mixed results in
terms of their efficacies to improve PG-SGA score of
patients undergoing cancer therapies. In a recent study,
stage III and IV esophageal cancer patients undergoing
radiotherapy were subjected to either ONS intervention
or routine care during in hospital treatment period (Yang
etal., 2020). Study results showed significantly improved
indices of nutritional status including PG-SGA scores in
the intervention group. Another study in pancreatic and
bile duct cancer patients showed that 8 weeks of nutrition
intervention significantly improved PG-SGA score (Kim
et al., 2019). Although % weight losses at baseline were
not mentioned, 66.7% and 57.9% of the study subjects
in the intervention and control group were categorized
in stage [V implying severe weight loss. In our study, we
included subjects whose weight loss were between 5 to
10% to secure compliance to ONS intervention, which
may explain a marginal effect on PG-SGA. In a group
of malnourished stomach cancer patients, treatment
induced adverse events were associated with body mass
index and hypoalbuminemia, but not with PG-SGA where
the mean score was 7.42 (Seo et al., 2016) suggesting
PG-SGA score responds well to nutrition intervention
only in patients with critical need for nutrition intervention
(PGA score>9). In this study, PG-SGA scores were 11.9
in the control group and 12.4 in the intervention group
at baseline, and the score was improved and stabilized
in the intervention group while that of the control group
showed little difference.

Blood biomarkers assessing nutritional status are also
used in this study. We previously reported a systematic
review on the efficacy of ONS intervention to improve
nutritional status of cancer patients (Kim and Sung,
2016). Among 28 qualified intervention studies published
between 2001 and 2015, 20 studies used blood biomarkers
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mostly albumin, prealbumin and transferrin as biomarkers
of nutritional status. Only 3 among 20 studies found
significant improvement in selected biomarkers in the
intervention group. In post-discharge colorectal cancer
surgery patients who were in ONS intervention group
showed reduced skeletal muscle loss compared to those
in the control group, however, no difference was found
in other biochemical markers (Tan et al., 2021). Similar
results were observed when the patients were treated with
home enteral nutrition (Li et al., 2019). In this study, we
also found no significant difference in nutritional status
markers between two groups. Albumin and prealbumin
are biomarkers most frequently used to monitor nutritional
status of patients who are at risk of malnutrition. However,
blood albumin concentration has been known to be
associated with other physiological factors including age,
circulating estrogen concentration, chronic blood loss and
iron deficiency (Banh, 2006) suggesting albumin alone
might not be an accurate marker for nutritional intervention
in cancer patients (Friedman and Fadem, 2010) receiving
different treatments. One of the most recent reviews states
that serum albumin levels for nutritional monitoring of
critically ill patients are influenced by the acute phase
response such as inflammation and may not accurately
reflect nutritional status (Kubota et al., 2020). Other
recent studies combined albumin concentration with other
nutritional and inflammatory biomarkers to assess the
efficacy of ONS intervention (Hao et al., 2020; Jeon et
al., 2020) with better predictions for cancer prognosis. A
meta-analysis for nutritional status markers in older adults
with cancer indicated that prognostic nutritional index
based on albumin concentration + lymphocyte counts was
associated with overall survival (Bullock et al., 2020).
Another study showed that nasopharyngeal cancer patients
receiving chemoradiotherapy + nutrition intervention had
higher white blood cell counts and platelet counts when
compared to those receiving chemoradiotherapy + routine
care (Yang et al., 2020).

Based on the fact that chronic inflammatory conditions
attributes to cancer cachexia leading body weight loss
especially muscle wasting, ONS used in this study
was fortified with omega-3 fatty acids possessing
anti-inflammatory functions. In fact, recent studies on
nutritional intervention in cancer patients focus more to
provide ingredients having anti-inflammatory function
in combination with muscle building amino acids. Hyper
and chronic inflammatory conditions in cancer patients are
created not only by cancer therapies but also metabolic
alterations associated with tumor growth (Biswas and
Acharyya, 2020). Chemotherapy and radiotherapy induce
inflammatory responses in tissue epithelium especially
in digestive tract contributing to mucositis resulting
in decreased food intake, malabsorption, diarrhea and
severe weight loss. In our previous ONS intervention
study, cereal-based ONS products containing chiaseed
powder (5% w/w) rich in omega-3 fatty acids lowered
pro-inflammatory cytokine production in LPS-stimulated
PBMC isolated from cancer patients (Kim and Sung,
2016). ONS enriched with L-arginine, omega-3 fatty
acids and ribonucleic acids improved long-term survival
of head and neck cancer patients (Boisselier et al., 2020).
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Another study showed improved chemotherapy tolerance
and prognosis when GI cancer patients were subjected
to fish oil-enriched ONS supplementation for 6 months
during chemotherapy (Shirai et al., 2017). However, a
meta- analysis on effects of enteral nutrition enriched with
omega-3 fatty acids in comparison with enteral nutrition
without omega-3 fatty acids suggested no significantly
different efficacy for nutritional status indices including
body weight, body mass index, albumin, wound infection
or pneumonia in GI cancer patients during postoperative
convalescence (Wan et al., 2020) indicating further clinical
trials carefully designed to provide explanations for the
association between nutritional status, inflammatory
responses and intervention using anti-inflammatory ONS.

However, ONS supplementation for 8 weeks exerted
improvements in many of QOL indices. Health-related
quality of life (HRQOL) is one of the most important
supportive care issue in cancer patients, and a systematic
review and meta-analysis to examine the efficacy of
ONS intervention in malnourished cancer patients
indicated that ONS intervention exerted significant
improvements in QOL scores without significant efficacies
in anthropometric or biochemical markers (Zhang et al.,
2018). We observed improvements in role function score,
fatigue symptom score, nausea and vomiting scores,
insomnia and constipations scores. A study in bile duct/
pancreatic patients showed ONS intervention for 8 weeks
improved fatigue symptoms and increased fat mass (Kim
et al., 2019). A meta- analysis to evaluate the efficacy of
home enteral nutrition (HERN) in the QOL of discharged
gastrointestinal patients also suggested improvements
in patient fatigue levels in HERN group compared to
that of the control group (Xueting et al., 2020). Eightly
% of cancer patients receiving chemotherapy and/or
radiotherapy reported to have fatigue symptoms (Henry
et al., 2008). Cancer-related fatigue (CRF) is defined as
an unusual, persistent, and subjective sense of tiredness
that is not proportional to recent activity and interferes
with usual functioning (Malik et al., 2001). Although the
present study and other previously mentioned intervention
studies reported efficacy of nutritional supplementation
in reducing CRF, many others reported nutrition therapy
could not prove definite effects on CFR and QOL in cancer
patients implying ONS intervention studies tailored for
cancer specificity and bioactive ONS ingredients are
required (Baguley et al., 2019).

We also found that ONS intervention alleviated
symptoms of gastrointestinal symptoms including nausea,
vomiting and constipation. Chemotherapeutic agents are
known to trigger the secretion of neurotransmitters such
as serotonin and substance P mitigating vagal signaling
(Adel, 2017) associated with nausea and vomiting.
Despite many studies reported a positive association
between nutritional supplements and QOL, few studies
examine the efficacy of nutritional supplementation on
therapy-associated GI symptoms. Nutrition intervention in
palliative cancer patients improved patient-rated symptom
of nausea and vomiting without differences in other
measures (Uster et al., 2018). Home delivery meal service
found significantly improved food intake leading a higher
QOL (Leedo et al., 2017). Contrary to these findings,



ONS intervention in patients with nasopharyngeal cancer
during chemotherapy improved body weight, BMI and
prealbumin, while no difference was observed for QOL
Botanical components such as ginger (Saneei Totmaj et
al., 2019) and several dietetic interventions, for example
the use of dried foods such as toasts and crackers, small
and frequent meals have been suggested to relive nausea
symptoms (Marx et al., 2016). These results suggests
nutritional supplements can improve some of the QOL
components which needs evidence-based explanation
in mechanistic aspects. Several limitations of this study
complicate interpretation. First, the large number of
dropouts weakens the strength of the study findings. The
attrition rate of the study was 31% mostly due to the
illness of the study participants and ethical considerations
in maintain fragile patients. Unfortunately, the absence
of follow-up data in the dropouts precluded intention-to-
treat analyses to strengthen the interpretation of the data.
Second, the study participants are diagnosed with different
types of gastrointestinal cancer which might contributed
to different responses to nutrition intervention with large
variations in various markers despite a high compliance for
those who completed the study and the selection criteria
based on weight loss at diagnosis..
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