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Abstract

To evaluate omega-3 fatty acid-rich enteral nutrient effects in patients with unresectable or recurrent biliary tract or pancreatic
cancers during chemotherapy. Enteric nutritional supplements containing omega-3 fatty acids (Racol®) was administered to
aforementioned patients with cancers during chemotherapy. The skeletal muscle mass and blood test data were obtained pre-
administration and 28 and 56 days after. Patients with pancreatic cancer were administered the digestive enzyme supplement
pancrelipase (LipaCreon®) 28 days after the start of Racol® administration. The number of chemotherapies skipped due to
neutropenia was recorded for 2 months before and after enteral nutrient initiation. In all 39 patients, the skeletal muscle mass
increased on day 56 versus baseline (median 17.3 kg vs. 14.8 kg, p <0.01), number of chemotherapies skipped decreased
(mean: 0.65 times/month vs. 1.3 times/month, p=0.03), and retinol-binding protein (mean: 2.56 mg/dL vs. 2.42 mg/dL,
p=0.05) increased. Patients with pancreatic cancer showed increased blood eicosapentaenoic acid concentration on day
56 versus baseline (median: 48.1 pg/mL vs. 37.0 pg/mL, p=0.04) and increased skeletal muscle mass (median 16.8 kg
vs. 14.4 kg, p=0.006). Baseline median neutrophil count increased significantly from 2200/pL at baseline to 2500/pL
(p=0.04). Patients with biliary tract cancer during chemotherapy also exhibited increased skeletal muscle mass following
omega-3 supplementation (median 17.3 kg vs. 15.8 kg, p=0.01). In patients undergoing chemotherapy for unresectable or
post-recurrence pancreatic and biliary tract cancers, high-omega-3 fatty acid nutrition therapy use improved skeletal muscle
maintenance and chemotherapy dosing intensity.
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Introduction

Cancer cachexia is a complex metabolic disorder charac-
terized by progressive loss of skeletal muscle that is dif-
ficult to improve with conventional nutritional therapy. Its
pathophysiologic mechanism involves protein catabolism
and energy imbalance caused by varying interlockings of
anorexia and metabolic disorders [1]. Cachexia occurs in
approximately 80% of patients with advanced-stage cancer,
with a high incidence in those with pancreatic, stomach,
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and lung cancer [2]. Patients with advanced-stage cancer are
often forced to receive chemotherapy. Continued chemother-
apy has a significant impact on the patient’s prognosis [3].
The loss of body weight and skeletal muscle mass increases
the prevalence of adverse events during chemotherapy and
contributes to a worsening prognosis in cancer patients
[4—7]. Malnutrition is caused by changes in the neurohor-
monal mechanism that controls food intake, leading to meta-
bolic changes that contribute to a negative energy balance. It
affects protein turnover and inflammation, thereby promot-
ing muscle wasting, as observed in patients with cachexia
[8]. In cachexia patients, both the tumor and the host pro-
duce several cytokines that are thought to be molecular
mediators of the metabolic modification of cachexia [9, 10].

Therefore, nutritional interventions using substances
with both nutritional and anti-inflammatory properties
have been proposed to improve energy balance and reduce
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inflammatory conditions. From this perspective and in light
of their anti-inflammatory properties, fish oil and its pri-
mary components, omega-3 fatty acids, have been proposed
as treatment options for cachexia. Nutritional interventions
with omega-3 fatty acids have been shown to help maintain
weight and improve chemotherapy completion rates [11-13].
Moreover, omega-3 fatty acids have an anti-inflammatory
effect [14]. Recent studies have reported that when omega-3
fatty acid-containing enteric nutritional supplements were
administered in patients with pancreatic and biliary tract
cancer during the course of chemotherapy, their skeletal
muscle mass increased, suggesting that this supplement can
improve cancer cachexia [15]. This study added new patient
data to the previous report, reanalyzing these data and exam-
ining the new impact of nutritional supplementation on the
rate of continuing chemotherapy.

According to a recent study, the dose intensity of chem-
otherapy affects the prognosis of cancer patients, includ-
ing those with pancreatic and biliary tract cancer [16]. A
notable point of consideration is the relationship between
omega-3 fatty acids and the number of chemotherapy ses-
sions skipped, which has not been reported so far. This is
especially crucial among patients with pancreatic and biliary
tract cancer who often skip chemotherapy due to the occur-
rence of hematological toxicity and cholangiocarcinoma.
As a result, chemotherapy is rendered less effective, con-
sequently shortening the prognosis in several cases [16]. In
the present study, in addition to the analysis on the effect of
omega-3 fatty acids on cancer cachexia, the need for main-
taining the dose intensity of anticancer drugs, which directly
affects the patient’s prognosis, was also evaluated.

Methods
Patients and procedures

The study participants were patients with unresectable pan-
creatic and bile duct cancer who underwent chemotherapy
between November 2014 and December 2019. Each patient
was provided with 2—4 packs (200 kcal/300 mg of omega-3
fatty acid per pack) of an omega-3 fatty acid enteral nutrient
(Racol®; Otsuka Pharmaceutical Factory, Tokyo, Japan) per
day. The study participants (1) with a performance status
(PS) of 3 and 4, (2) with difficulties in oral ingestion, (3)
with active infectious disease, (4) with a history of hyper-
sensitivity to administered drugs (supplements), (5) with
uncontrolled diabetes mellitus, (6) with double cancer other
than that in the biliopancreatic region, (7) who were non-
compliant (who took two or fewer drugs per day), (8) with
difficulties in continuing chemotherapy during the study
period, (9) who were under warfarin treatment, and (10)
with a platelet count of < 100,000/ L. were excluded. The
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outcome measures were assessed before treatment and 28
and 56 days after the initiation of treatment. Each patient
was asked to consume approximately the same number of
calories every day (the exact calorie intake was not calcu-
lated). After undergoing pancreatic function diagnostic tests
(to assess the para-aminobenzoic acid excretion rate and
pancreatic exocrine function), patients with pancreatic can-
cer were additionally administered with the pancreatic diges-
tive enzyme supplement LipaCreon® (150 mg, 12 times/day;
Abbott Japan, Tokyo, Japan) from the 28th day of treatment
onward. This study was approved by the Ethics Committee
of the Jikei University School of Medicine [review number:
26-070(7575)]. All procedures were performed in accord-
ance with the ethical standards of the responsible committee
on human experimentation and with the 1975 Declaration of
Helsinki, as revised in 2008. Informed consent was obtained
from all patients prior to the study inclusion.

Measures

The primary outcome measures were skeletal muscle mass
and the number of chemotherapy sessions skipped. As
primary end points, skeletal muscle mass was measured
through a bioelectrical impedance analysis using the body
composition meter DF860K® (Yamato Scale CO., LTD.,
Hyogo, Japan). The rate of chemotherapy continuation was
evaluated based on the number of chemotherapy sessions
skipped due to neutropenia 2 months prior to and after study
initiation. Body weight and blood sampling data (retinol-
binding protein [RBP] level as a marker of nutritional status,
neutrophil count, serum EPA level, carcinoembryonic anti-
gen level, and glycated hemoglobin [HbA1c]) were collected
as secondary end points.

Statistical analyses

Data were expressed as mean + standard error (SEM). All
evaluation items were compared using the Wilcoxon signed-
rank test. A p value of <0.05 was considered statistically
significant. These analyses were conducted using IBM®
SPSS version 20.0 (IBM Japan, Tokyo, Japan).

Results

This study included 39 patients who received chemother-
apy—11 with biliary tract cancer and 28 with pancreatic
cancer, including one with neuroendocrine cancer. The par-
ticipants consisted of 27 men and 12 women with an aver-
age age of 66.1 years. The chemotherapy regimens used for
the treatment of pancreatic cancer were as follows: leucov-
orin and fluorouracil plus irinotecan and oxaliplatin (FOL-
FIRINOX) in six patients, gemcitabine (GEM) + abraxane
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(Abr) in five patients, TS1+ GEM in nine patients, TSI
in two patients, GEM in five patients, and cisplatin
(CDDP) +irinotecan (CPT1) in one patient. The chemother-
apy regimens used for the treatment of biliary tract cancer
were as follows: GEM 4+ CDDP in 10 patients and TS1 in 1
patient (Fig. 1). All patients were reported to meet the sarco-
penia diagnosis criteria based on their skeletal muscle mass,
which was measured prior to the start of the study. Patients
with pancreatic cancer had decreased exocrine pancreatic
function prior the start of nutrition therapy (mean + stand-
ard deviation; 40 + 18% in pancreatic function diagnostic
test). The average Racol® intake was 2.32 packs. On day
56 of the nutrient supplementation, all patients exhib-
ited increased body weight (median: 62.4 kg vs. 58.9 kg,
p=0.03) (Table 1), increased skeletal muscle mass (median:
17.3 kg vs. 14.8 kg, p<0.01) (Fig. 2A), decreased number
of chemotherapy sessions skipped (mean: 0.65 times/month
vs. 1.3 times/month, p=0.03) (Fig. 2D), and increased RBP
level (mean: 2.56 mg/dL vs. 2.42 mg/dL, p=0.05) (Table 1)
compared with those before administration. The HbAlc
levels were almost unchanged, and the glucose tolerance
abnormalities did not worsen after administering nutritional
supplements (day 56 vs. pre-administration: median 6.5%
vs. 6.4%, no significant difference, p=0.87) (Table 1). In
patients with pancreatic cancer, on day 56, the blood EPA
concentrations (median: 48.1 pg/mL vs. 37.0 pg/mL,
p=0.04) (Table 1), skeletal muscle mass (median: 16.8 kg
vs. 14.4 kg, p=0.006) (Fig. 2B), and neutrophil counts sig-
nificantly increased (median: 2200/pL vs 2550/pL, p=0.04),
compared with those before the administration of supple-
ments (Table 1). The administration of LipaCreon®, a pan-
creatic digestive enzyme supplement, for 4 weeks did not
show any additional effect in increasing the skeletal muscle
mass or improving the nutritional status of patients taking
omega-3 fatty acids (Table 1, Fig. 2A, B). Patients with

biliary tract cancer showed an increase in skeletal muscle
mass on day 56 compared with that before administration
(median: 17.3 kg vs. 15.8 kg, p=0.01) (Fig. 2C).

Discussion

Omega-3 fatty acids increase the skeletal muscle mass and
improve the severity of sarcopenia [14]. When omega-3 fatty
acid was administered to patients with cancer of the lungs
[17, 18], stomach, colon, rectum [19], pancreas [21-23],
head and neck [20], and biliary tract [12], their weight,
blood test data (nutrition index and neutrophilia), and qual-
ity of life (QOL) score improved, suggesting that omega-3
fatty acid has a therapeutic effect on cancer cachexia. How-
ever, these studies have inconsistencies. First, the severity
of cachexia in patients with cancer was evaluated based on
the body weight. Patients with advanced-stage cancer are at
risk of experiencing fluid retention in the third spaces, such
as edema and pleural effusion. The skeletal muscle mass
is an appropriate indicator of cancer cachexia. Since the
skeletal muscle mass is considered to correlate with activi-
ties of daily living and PS in cancer patients, it is useful
for evaluating the sarcopenia-improving effect of omega-3
fatty acid [24-26]. Second, the causal relationship between
nutritional status, blood sampling items, and omega-3 fatty
acid levels (e.g., blood EPA levels) has not been evaluated.
Third, although the incidence of chemotherapy-related
adverse events has been investigated [11,17,26], the need
for continuing the dose intensity of anticancer drugs, which
directly affects the prognosis of patients, has not been evalu-
ated. In order to resolve the aforementioned issues, a more
useful evaluation index was utilized in patients with pan-
creatic and biliary tract cancer who received chemotherapy.
Therefore, we investigated whether nutrition therapy using

Fig.1 Patients’ background
and chemotherapy regimen.
Leucovorin and fluorouracil
plus irinotecan and oxaliplatin
(FOLFIRINOX), gemcitabine

Gender: Female (n=12), Male(n=27)

All patients (n=39)
Age-yr: 66.1 =9.8

(GEM), abraxane (Abr), iri-

notecan (CPT 11), and cisplatin |
(CDDP)

—| Pancreatic cancer (n=28) '—

—| Biliary tract cancer (n=11) I—

FOLFIRINOX (n=6),
GEM+ABR (n= 5),
TS1+GEM (n=9),

TS1 (n=2),
GEM (n=5),
CDDP+CPT11 (n= 1)

GEM+CDDP(n=10)
TS1 (n=1)
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Table 1 Data are presented as mean + SEM. *A p value of <0.05 (vs. day 0) was considered significant. Pre, before intervention; post, after

intervention

Secondary Outcome Measures and Biomarkers of Drug Response

Days after start of treatment 0 28 56 P value

All Patients N=39

Median Body Weight (kg) [IQR] 58.9 58.6 62.4* *P=0.03
[49.0, 66.9] [48.3, 69.1] [52.4,70.9]

Median EPAug/mL) [IQR] 43.6 41.8 59.2
[32.9, 66.6] [30.5, 62.9] [42.2,69.3]

RBP(mg/dL) 2.42+0.15 2.52+0.16 2.56+ 0.20* *P=0.05

Median Neutrophil (L) [IQR] 2300 2700* 2250 *P<0.01
[1600, 3200] [2100, 3800] [1700, 3200]

CEA (ng/mL) 10.2+2.58 17.5+=7.6* 252+ 145 *P=0.03

HbA1c(%) 6.40+=0.18 6.43+0.20 6.47+0.27

Pancreatic cancer N=28

Median Body Weight (kg) [IQR] 56.8 56.3 60.35* *P=0.05
[47.7,63.7] [47.1, 65.8] [50.0, 68.8]

Median EPAug/mL) [IQR] 37.0 38.5 48.1* *P=0.04
[32.1, 59.3] [28.7, 53.6] [40.4, 66.1]

RBP(mg/dL) 2.44+0.16 2.54+0.18 2.56+0.21

Median Neutrophil (L) [IQR] 2200 2750 2550* *P=0.04
[1650, 3250] [2150, 3750] [2000, 3200]

CEA (ng/mL) 10.91+ 3.48 19.07+10.39 34.33+22.49

HbA1c(%) 6.44+0.20 6.59+ 0.24 6.69+ 0.35

omega-3 fatty acids was effective in improving sarcopenia.
This nutritional therapy increased the skeletal muscle mass
and improved the nutritional status, suggesting that it con-
tributed to the improvement of patients” QOL. The admin-
istration of omega-3 fatty acids in patients with pancreatic
cancer prevented the occurrence of weight loss [22, 23].

Cancer cachexia is caused by inflammatory cytokines
produced by cancer cells. This promotes skeletal muscle
catabolism and leads to a decrease in skeletal muscle mass,
which is a criterion for diagnosing sarcopenia. Omega-3
fatty acid has an inhibitory effect on inflammatory cytokines
[8], and its effectiveness against cachexia in patients with
pancreatic cancer has already been reported [27]. Our study
results also suggest that skeletal muscle loss was suppressed
by the anti-inflammatory effect of omega-3 fatty acid. Gen-
erally, the skeletal muscle mass of a healthy person accounts
for 30%-35% of the total body weight [28]. In our study
group with prominent sarcopenia, the administration of
omega-3 fatty acid led to the recovery of skeletal muscle
mass to the pre-sarcopenia levels.

This study investigated whether the combined use of
a pancreatic digestive enzyme replacement agent and an
enteric nutritional supplement would improve the absorp-
tion of omega-3 fatty acids and exert a stronger drug effect
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in patients with pancreatic cancer with exocrine pancreatic
insufficiency. However, the administration of a pancreatic
digestive enzyme replacement agent for 4 weeks did not
show any additional effect in increasing the skeletal muscle
mass or improving the nutritional status of patients taking
omega-3 fatty acids. Hence, future studies should examine
the extent of the pancreatic digestive enzyme replacement
dose and administration period.

In addition, in a combined analysis of patients with pan-
creatic and biliary tract cancer, nutritional therapy with
omega-3 fatty acids significantly reduced the rate of skip-
ping chemotherapy sessions (p =0.03), indicating that the
dose intensity was maintained; this may contribute to the
improvement in the prognosis of patients. In each sub-
group analysis of pancreatic cancer and biliary tract can-
cer, the number of chemotherapy sessions skipped tended
to decrease in each group, but no significant difference was
observed (p=0.19 and p=0.089, respectively). A detailed
study on the number of chemotherapy sessions skipped in
each cancer patient may require the use of a large sample
size.

This study has some limitations. The enteric nutrients
used in this study have the highest content of omega-3 fatty
acids among those currently used in Japan; other nutrients,
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Fig.2 Primary outcome measures of drug response. Accessing the
skeletal muscle mass, all patients (A); patients with pancreatic can-
cer (B); patients with biliary tract cancer (C); and the number of
chemotherapy sessions skipped in all patients (D). Data are expressed

such as carbohydrates, proteins, and vitamins, are also
included. In Japan, a single administration of omega-3 fatty
acid is not covered by the insurance unless the patient has a
certain disease such as arteriosclerosis obliterans. It is pos-
sible that nutrients other than omega-3 fatty acids were also
involved in improving sarcopenia because of their abundant
content. In recent years, a number of studies on cell systems,
pre-clinical mammalian models, and humans have been
conducted and have demonstrated the positive influence of
omega-3 fatty acid intake on the skeletal muscle [29-32].
Therefore, omega-3 fatty acids promote protein synthesis
in skeletal muscle and are involved in maintaining the skel-
etal muscle mass. Since the levels of omega-3 fatty acids
in the blood of pancreatic cancer patients was significantly
increased in this study, the content of omega-3 fatty acid in
the formulation used might contribute to the increase in skel-
etal muscle mass. Enteronutrients only serve as supplements
to the normal diet, and our study suggests that an additional
intake of omega-3 fatty acids of 600 mg per day is sufficient.

56 0 56

as mean+SEM (red lines). ** p<0.01. * p<0.05 (vs. day 0) and
Wilcoxon rank-sum test. The numbers (0, 56) on the horizontal axis
denote the days after the start of treatment

In this study, we investigated high-omega-3 fatty acid
nutrition therapy in patients with unresectable or recurrent
biliary or pancreatic cancer during chemotherapy, which
improved skeletal muscle maintenance and chemotherapy
dosing intensity. Due to the similar nature of both diseases,
pancreaticoduodenectomy has often been selected as the ini-
tial surgery in both cases [33]. In cases of recurrence, sur-
gery is not indicated, and chemotherapy is preferred. How-
ever, despite the administration of chemotherapy in these
cases, the average overall survival is only less than 1 year,
and the PS remarkably decreases [33]. Another common
feature is the high incidence of local recurrences and liver
metastases in patients with disease recurrence [34, 35]. Fur-
thermore, GEM is commonly used as the chemotherapy regi-
men, which is mainly combined with TS1 [16,35]. Strictly
speaking, a study must be conducted using a chemotherapy
regimen, but this is difficult to implement in those with pan-
creatic and biliary tract cancers since the regimen is often
changed or discontinued due to the decrease in PS, refrac-
tory treatment effect, and onset of jaundice and cholangitis.
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Additionally, all patients, including those with pancreatic
and biliary tract cancer, were investigated as sarcopenia
patients; in the subgroup analysis, patients with pancreatic
and biliary tract cancer were evaluated. Therefore, improve-
ment was recognized.

Conclusion

Omega-3 fatty acid-rich nutritional therapy for patients
undergoing chemotherapy for unresectable or post-recur-
rence pancreatic and biliary tract cancers increased the skel-
etal muscle mass and improved the chemotherapy dosing
intensity without major adverse events.

Acknowledgements The authors would like to thank the staff of
the Jikei University Daisan Hospital and Jikei University School of
Medicine.

Author contributions TI oversaw the entire study. The others contrib-
uted to the analysis and interpretation of data. KA designed the study
and wrote the initial draft of the manuscript.

Funding Since this research involves retrospective database analyses,
no research fund was provided.

Data availability The datasets generated or analyzed in the present
study are included in this publication and are available on reasonable
request.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval This study was approved by the Ethics Commit-
tee of the Jikei University School of Medicine (review number:
26-070(7575)). All procedures were performed in accordance with the
ethical standards of the responsible committee on human experimen-
tation and with the 1975 Declaration of Helsinki, as revised in 2008.
Informed consent was obtained from all patients prior to the inclusion
in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer

References

1. Fearon K, Strasser F, Anker SD, et al. Definition and classifica-
tion of cancer cachexia: an international consensus. Lancet Oncol.
2011;12(5):489-95.

2. von Haehling S, Anker SD. Cachexia as a major underestimated
and unmet medical need: Facts and numbers. J Cachexia Sarco-
penia Muscle. 2010;1(1):1-5.

3. Arends J, Bachmann P, Baracos V, et al. ESPEN guidelines on
nutrition in cancer patients. Clin Nutr. 2017;36(1):11-48.

4. Gérard S, Bréchemier D, Lefort A, et al. Body composition and
anti-neoplastic treatment in adult and older subjects - a systematic
review. J Nutr Heal Aging. 2016;20(8):878-88.

5. Anandavadivelan P, Brismar TB, Nilsson M, Johar AM, Martin
L. Sarcopenic obesity: a probable risk factor for dose limiting
toxicity during neo-adjuvant chemotherapy in oesophageal cancer
patients. Clin Nutr. 2016;35(3):724-30.

6. Kumar A, Moynagh MR, Multinu F, et al. Muscle composition
measured by CT scan is a measurable predictor of overall survival
in advanced ovarian cancer. Gynecol Oncol. 2016;142(2):311-6.

7. Sjgblom B, Grgnberg BH, Wentzel-Larsen T, et al. Skeletal muscle
radiodensity is prognostic for survival in patients with advanced
non-small cell lung cancer. Clin Nutr. 2016;35(6):1386-93.

8. Argilés IM, Busquets S, Stemmler B, Lépez-Soriano FJ. Cachexia
and sarcopenia: mechanisms and potential targets for intervention.
Curr Opin Pharmacol. 2015;22:100-6.

9. Onesti JK, Guttridge DC. Inflammation based regulation of cancer
cachexia. Biomed Res Int. 2014: 1-7.

10. Ebadi M, Mazurak VC. Potential Biomarkers of Fat Loss as a
Feature of Cancer Cachexia. Mediators Inflamm. 2015: 1-8.

11. Miyata H, Yano M, Yasuda T, et al. Randomized study of clinical
effect of enteral nutrition support during neoadjuvant chemother-
apy on chemotherapy-related toxicity in patients with esophageal
cancer. Clin Nutr. 2012;31(3):330-6.

12. Ueno K, Ajiki T, Tsugawa D, et al. Effectiveness of omega-3
fatty acid administration on completion rate of adjuvant chemo-
therapy for biliary tract cancer: Study protocol for a single-centre,
open-label, single-arm, historically controlled study. BMJ Open.
2019:;9(8):¢029915.

13. Motoori M, Yano M, Yasuda T, et al. Relationship between immu-
nological parameters and the severity of neutropenia and effect
of enteral nutrition on immune status during neoadjuvant chem-
otherapy on patients with advanced esophageal cancer. Oncol.
2012;83(2):91-100.

14. Dupont J, Dedeyne L, Dalle S, Koppo K, Gielen E. The role of
omega-3 in the prevention and treatment of sarcopenia. Aging
Clin Exp Res. 2019;31(6):825-36.

15. Abe K, Uwagawa T, Haruki K, et al. Effects of »-3 fatty acid
supplementation in patients with bile duct or pancreatic cancer
undergoing chemotherapy. Anticancer Res. 2018;38(4):2369-75.

16. Lyman GH. Impact of chemotherapy dose intensity on can-
cer patient outcomes. JNCCN J Natl Compr Cancer Netw.
2009;7(1):99-108.

17. Van Der Meij BS, Schoonbeek CP, Smit EF, Muscaritoli M, Van
Leeuwen PAM, Langius JAE. Pre-cachexia and cachexia at diag-
nosis of stage III non-small-cell lung carcinoma: an exploratory
study comparing two consensus-based frameworks. Br J Nutr.
2013;109(12):2231-9.

18. Murphy RA, Mourtzakis M, Chu QSC, Baracos VE, Reiman T,
Mazurak VC. Supplementation with fish oil increases first-line
chemotherapy efficacy in patients with advanced nonsmall cell
lung cancer. Cancer. 2011;117(16):3774-80.

19. Fearon KCH, Von Meyenfeldt MF, Moses AGW, et al. Effect of a
protein and energy dense n-3 fatty acid enriched oral supplement


http://creativecommons.org/licenses/by/4.0/

Medical Oncology (2022) 39:66

Page7of 7 66

20.

21.

22.

23.

24.

25.

26.

217.

28.

on loss of weight and lean tissue in cancer cachexia: a randomised
double blind trial. Gut. 2003;52(10):1479-86.

De Luis DA, Izaola O, Aller R, Cuellar L, Terroba MC. A ran-
domized clinical trial with oral immunonutrition (w3-enhanced
formula vs. arginine-enhanced formula) in ambulatory head and
neck cancer patients. Ann Nutr Metab. 2005: 49(2):95-99.
Wigmore SJ, Barber MD, Ross JA, Tisdale MJ, Fearon KCH.
Effect of oral Eicosapentaenoic acid on weight loss in patients
with pancreatic cancer. Nutr Cancer. 2000;36(2):177-84.

Barber MD, Ross JA, Voss AC, Tisdale MJ, Fearon KCH. The
effect of an oral nutritional supplement enriched with fish oil
on weight-loss in patients with pancreatic cancer. Br J Cancer.
1999;81(1):80-6.

Barber MD, Fearon KC. Tolerance and incorporation of a high-
dose eicosapentaenoic acid diester emulsion by patients with pan-
creatic cancer cachexia. Lipids. 2001;36(4):347-51.

Wang DXM, Yao J, Zirek Y, Reijnierse EM, Maier AB. Muscle
mass, strength, and physical performance predicting activities
of daily living: a meta-analysis. J Cachexia Sarcopenia Muscle.
2020;11(1):3-25.

Endo T, Momoki C, Yamaoka M, et al. Validation of skeletal
muscle volume as a nutritional assessment in patients with gas-
tric or colorectal cancer before radical surgery. J Clin Med Res.
2017;9(10):844-59.

Martin L, Birdsell L, MacDonald N, et al. Cancer cachexia in
the age of obesity: skeletal muscle depletion is a powerful prog-
nostic factor, independent of body mass index. J Clin Oncol.
2013;31(12):1539-47.

Werner K, Kiillenberg de Gaudry D, Taylor LA, Keck T, Unger
C, Hopt UT, et al. Dietary supplementation with n-3-fatty acids
in patients with pancreatic cancer and cachexia: marine phospho-
lipids versus fish oil - a randomized controlled double-blind trial.
Lipids Health Dis. 2017;16(1):1-12.

Wolfe RR. The underappreciated role of muscle in health and
disease. Am J Clin Nutr. 2006;84(3):475-82.

29.

30.

31.

32.

33.

34.

35.

You JS, Park MN, Song W, Lee YS. Dietary fish oil alleviates
soleus atrophy during immobilization in association with Akt
signaling to p70s6k and E3 ubiquitin ligases in rats. Appl Physiol
Nutr Metab. 2010;35(3):310-8.

Smith GI, Julliand S, Reeds DN, Sinacore DR, Klein S, Mit-
tendorfer B. Fish oil-derived n-3 PUFA therapy increases mus-
cle mass and function in healthy older adults. Am J Clin Nutr.
2015;102(1):115-22.

Kamolrat T, Gray SR. The effect of eicosapentaenoic and
docosahexaenoic acid on protein synthesis and breakdown in
murine C2C12 myotubes. Biochem Biophys Res Commun.
2013;432(4):593-8.

Smith GI, Atherton P, Reeds DN, Mohammed BS, Rankin D, Ren-
nie MJ, et al. Omega-3 polyunsaturated fatty acids augment the
muscle protein anabolic response to hyperinsulinaemia-hyperami-
noacidaemia in healthy young and middle-aged men and women.
Clin Sci. 2011;121(6):267-78.

Onesti CE, Romiti A, Roberto M, Falcone R, Marchetti P. Recent
advances for the treatment of pancreatic and biliary tract can-
cer after first-line treatment failure. Expert Rev Anticancer Ther.
2015;15(10):1183-98.

Michalski CW, Erkan M, Hiiser N, et al. Resection of primary
pancreatic cancer and liver metastasis: a systematic review. Dig
Surg. 2009;25(6):473-80.

Ghidini M, Pizzo C, Botticelli A, et al. Biliary tract cancer:
Current challenges and future prospects. Cancer Manag Res.
2019;11:379-88.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Effects of an enteral nutrient-rich therapy with omega-3 fatty acids in patients with unresectable or recurrent biliary tract cancer or pancreatic cancer during chemotherapy: a case–control study
	Abstract
	Introduction
	Methods
	Patients and procedures
	Measures
	Statistical analyses

	Results
	Discussion
	Conclusion
	Acknowledgements 
	References




