
Abstract. Background/Aim: Omega-3 fatty acids may
improve cancer cachexia, but only in patients with pancreatic
and bile duct cancer. Patients with pancreatic cancer
commonly suffer from exocrine pancreatic insufficiency, and
the ingestion of digestive enzyme supplements may improve
absorption.  Patients and Methods: Racol®, an enteral
nutrient formulated with omega-3 fatty acids, was
administered to patients with unresectable pancreatic and bile
duct cancer. The skeletal muscle mass and blood test data
were taken pre-administration and at 4 and 8 weeks after.
Patients with pancreatic cancer were given the digestive
enzyme supplement LipaCreon® from the fifth week after the
start of administration. Results: In all 27 patients, skeletal
muscle mass was significantly increased at both 4 and 8 weeks
after the start of administration versus pre-administration
(p=0.006, p=0.002, respectively). Conclusion: Omega-3 fatty
acid supplementation in patients with unresectable pancreatic
and bile duct cancer may improve cancer cachexia. 

Blue-skinned fish (pike, mackerel, sardine, etc.) contain rich
amounts of omega-3 fatty acids, especially eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). Unlike other
unsaturated long-chain fatty acids, an omega-3 fatty acid is
structured with a double bond that contains three carbons
from the N-terminal of the molecule (1). The validity of
omega-3 fatty acid supplementation has been reported in
various diseases: coronary disease, rheumatoid arthritis,
inflammatory diseases, and cancer (2-8). Patients with
unresectable cancer that receive routine nutritional support
often experience a progressive decline in skeletal muscle
mass. Loss of skeletal muscle mass causes cachexia, which

in turn results in the deterioration of physical function (9).
Skeletal muscle mass is also directly linked to a patient’s
activities of daily living and quality of life. Patients with
advanced gastrointestinal cancer often require cytotoxic
chemotherapy. Many patients with pancreatic and biliary
cancer suffer from nutritional instability due to the anatomical
and pathological peculiarities of these diseases. According to
a recent study, reduced skeletal muscle mass is an indicator
of cancer cachexia as well as poor vital prognosis (10).

Omega-3 fatty acids increase the levels of leukotriene and
prostaglandin while suppressing the production of inflammatory
cytokines [interleukin-6 (IL6), IL8, etc.] (9, 11) that potentially
cause cancer cachexia (12-14). Wigmore et al. reported weight
improvement in weight-losing patients with pancreatic cancer
receiving EPA (targeted dose 6 g/d) (15). When Barber et al.
supplied 20 weight-losing patients with pancreatic cancer with
omega-3 fatty acids (total of 2.2 g of EPA/day), the patients
exhibited stabilized body weights (increase of about 1 kg) after
3 weeks of supplementation, along with improvements in
appetite and performance status (16).

While several studies have been published on nutritional
support for patients with pancreatic cancer (9, 11, 15, 16),
we were unable to identify any reports on bile duct cancer
in our literature search.

Patients with pancreatic cancer are generally expected to
suffer from a disturbance of pancreatic exocrine function.
This has prompted speculation that digestive enzyme
supplements given in addition to omega-3 fatty acids could
further improve the nutritional state of such patients. In the
current study, we investigated the usefulness of omega-3
fatty acids as a nutritional support for patients with advanced
biliary-pancreatic cancer. 

Patients and Methods
Participants and procedures. The study subjects were patients
with unresectable pancreatic and bile duct cancer who underwent
chemotherapy between November 2014 and November 2016.
Each patient was given 2-4 packs (200 kcal/300 mg of omega-3
fatty acids per pack) of an omega-3 fatty acid enteral nutrient
(Racol®; Otsuka Pharmaceutical Factory, Tokyo, Japan) per day.
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Outcome measures were assessed pre-treatment and at 4 and 8
weeks after the start of the treatment. Each patient was asked to
consume approximately the same number of calories every day
(the exact calorie intakes were not calculated). After undergoing
pancreatic function diagnostic (PFD) tests (to assess the para-
aminobenzoic acid excretion rate and pancreatic exocrine
function), patients with pancreatic cancer were additionally given
the pancreatic digestive enzyme supplement LipaCreon® (150 mg,
12 times/day; Abbott Japan, Tokyo, Japan) from the fifth week of
treatment onwards. This study was approved by the Ethics
Committee of the Jikei University School of Medicine (Review
number: 260707575). All procedures used were in accordance
with the ethical standards of the responsible committee on human
experimentation and with the Helsinki Declaration of 1975, as
revised in 2008. Informed consent was obtained from all patients
prior to inclusion in the study.

Measures. The primary outcome measures were body weight (kg)
and skeletal muscle mass (kg). Body weight and skeletal muscle
mass were measured by an InBody® weight scale (InBody Japan
Inc., Tokyo, Japan). The secondary outcome measures consisted of
blood test data [EPA level, EPA/arachidonic acid (AA) ratio,
Glasgow prognostic score, rapid turnover protein (RTP),
neutrophils, IL6, natural killer (NK) cell activity, hemoglobin A1c
(HbA1c), carcinoembryonic antigen (CEA)].

Statistical analysis. Outcome measures were analyzed by comparing
the pre-treatment data to the data at the follow-up time points of 4
and 8 weeks after the start of administration; the data were also
compared between 4 and 8 weeks. Values are expressed as the
mean±standard deviation (SD). All evaluation items were compared
using paired-sample t-tests; p-values of less than 0.05 were
considered statistically significant. Analyses were conducted using
IBM SPSS statistics version 20.0 (IBM Japan, Tokyo, Japan).

Results 

The sample consisted of 27 patients (16 men and 11 women,
mean age=68.8±4.24 years), including 19 with pancreatic
cancer and eight with bile duct cancer. The patients ingested
an average of 2.4±0.4 packs of Racol® per day (Table I). The
underlying chemotherapy regimen administered for pancreatic
cancer consisted of FOLFIRINOX (levofolinate/fluorouracil/
irinotecan/oxaliplatin) in four patients, gemcitabine plus nab-
paclitaxel in two; tegafur/gimeracil/oteracil potassium (TS1)
plus gemcitabine in seven, TS1 in two, GEM in three, and
cisplatin plus irinotecan in one. The chemotherapy regimen
administered for bile duct cancer consisted of gemcitabine
plus cisplatin in seven patients and TS1 in one patient. 

Considering that the whole patient cohort demonstrated
significant increases in skeletal muscle mass at 4 and 8 weeks
post- versus pre-treatment administration (p=0.006 and
p=0.002, respectively)) (Figure 1). Examinations of other
outcome measures revealed improvements in the nutritional
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Figure 1. Effects of nutritional support on body weight and skeletal muscle mass in all patients (bile duct and pancreatic cancer patients). Paired
t-tests combining data from pre-treatment and week 4, and from pre-treatment and week 8, were performed for all individual outcome measures of
all patients. No significant differences were found in body weight, although a tendency toward improvement was apparent. The skeletal muscle mass
values on days 28 and 56 were significantly increased in comparison to pretreatment values. 

Table I. Patients characteristics (n=27).

Factor                                                           Mean±SD or Ratio     Range

Age (years)                                                          68.8±4.24             53-81
Gender (male/female)                                            16/11                      
Bile duct cancer/pancreatic cancer, n                     8/19                       
No. of RACOL® taken (0 to 4 weeks)              2.37±0.35               2-4
No. of RACOL® taken (5 to 8 weeks)               2.42±0.7                2-4



state and blood EPA levels after treatment, but none of the pre-
to post-differences reached statistical significance (Figures 2-4).

The group of patients with bile duct cancer was rather
small and these patients were not given the pancreatic

digestive enzyme supplement, therefore, no further analysis
of this group was considered.

Among the patients with pancreatic cancer, increases in
skeletal muscle mass were observed after 4 and 8 weeks of
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Figure 2. Effects of nutritional support on nutritional and immunological indicators in all patients. For the most part, no significant differences
were found in nutritional and immunological indicators in the analysis of all patients.

Figure 3. Effects of nutritional support on blood concentrations of eicosapentaenoic acid (EPA) and the levels of neutrophils and C-reactive protein
(CRP) in all patients. No significant differences were found in the blood concentrations of EPA or in the levels of neutrophils or CRP in the analysis
of all patients.



treatment compared to the pre-treatment level (p=0.032 and
p=0.043, respectively); however, no significant difference in
skeletal muscle mass was observed between weeks 4 and 8.
Body weight showed an increasing trend at both 4 and 8 weeks,
but the differences versus pre-treatment were not statistically
significant (Figure 5). NK cell activity was also significantly
increased at week 8 compared to pre-treatment (p=0.02; Figure
6). EPA/AA (p=0.044, p=0.018) and EPA (p=0.011, p=0.021)
were both higher at week 8 than at pre-treatment or week 4
(Figure 7). While no significant differences were found in the
tumor marker CEA, the level showed a clear tendency to
increase. HbA1c also increased over time, but not to a
statistically significant degree (Figure 8).  

Discussion

Omega-3 fatty acids have been found to mitigate weight loss
and improve blood test data in patients with cancer of the lung
(17, 18), stomach, colon, and rectum (19), pancreas (11, 20,

21), and head and neck (22), presumably by improving the
patients’ nutritional state and reducing their levels of
inflammatory cytokines (9). Omega-3 fatty acids have also
been found to markedly reduce the incidence of chemotherapy-
related adverse events in patients with esophageal cancer
undergoing chemotherapy (23). Finally, omega-3 fatty acids are
reported to improve the therapeutic outcomes of chemotherapy
(24). Somewhat less is known, however, about the effects of
omega-3 fatty acids on biliary-pancreatic cancer (11, 20, 21).
In the present study, we investigated the effects of pancreatic
digestive enzyme supplements added to omega-3 fatty acid
nutritional support in patients with pancreatic cancer. 

Our pancreatic cancer group exhibited an increase in not
only serum EPA level, but also the EPA/AA ratio (a measure
of EPA absorption and circulation), at 8 weeks after the start
of treatment versus pre-treatment and week 4 levels. While
the EPA/AA ratio trended upward at week 4 compared to
pre-treatment, the increase at 8 weeks was significantly
higher compared with both the pre-treatment and week 4
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Figure 5. Effects of nutritional support on body weight and skeletal muscle mass in patients with pancreatic cancer. Paired t-tests combining data
from pre-treatment and day 28, from pre-treatment and day 56, and from day 28 and day 56 were performed for the individual outcome measures
of all of the pancreatic cancer patients. While no significant differences were found in body weight, the skeletal muscle mass was significantly
increased at days 28 and 56 versus the pre-treatment level.

Figure 4. Effects of nutritional support on levels of carcinoembryonic antigen (CEA) and hemoglobin A1c (HbA1c) in all patients. There were no
significant increases in CEA or HbA1c in the analysis of all patients.



ratios. These findings suggest that the administration of
pancreatic digestive enzymes promoted more efficient
absorption of omega-3 fatty acids and improved the

supplementation effects. Omega-3 fatty acids also increased
the NK cell activity at week 8 (p=0.02), conferring an effect
suggestive of activated tumor immunity.
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Figure 6. Effects of nutritional support on nutritional and immunological indicators in patients with pancreatic cancer. The analysis of nutritional
and immunological blood data in the pancreatic cancer patients revealed a significant increase in natural killer (NK) cell activity from pretreatment
to day 56, suggesting an improvement in immune function through treatment.  IL6: Interleukin-6; RBP: retinol-binding protein. 

Figure 7. Effects of nutritional support on blood concentrations of eicosapentaenoic acid (EPA) and the levels of neutrophils and C-reactive protein
(CRP) in patients with pancreatic cancer. While no significant change was found in the blood concentrations of EPA or EPA/arachidonic acid (AA)
on day 28, a significant increase from the pretreatment levels was detected on day 56. The increase from day 28 to day 56 was also significant.



Examination of all patients and the patients with
pancreatic cancer alone showed no effects on immune
indicators apart from NK cell activity (i.e. IL-6 and CRP),
and no effects on nutritional indices [i.e. pre-albumin and
retinol-binding protein (RBP)]. Omega-3 fatty acids
reportedly prevented neutropenia in patients with esophageal
cancer undergoing preoperative adjuvant chemotherapy (18).
Our patients, in contrast, showed no improvement of
chemotherapy-associated neutropenia, possibly because they
received a different dose of omega-3 fatty acids. As patients
overdosed with omega-3 fatty acids have sometimes
developed adverse events such as bleeding or gastrointestinal
symptoms (25), our patients received a dose within the range
approved by the Japanese Public Health Insurance System.
Although not established, the necessary dose of omega-3
fatty acids for the general population is estimated to be at
least 2 g/day (15, 16, 26), at least double the mean amount
(0.3 g/pack × 2.3 packs) ingested by our participants. If we
had utilized this higher dose, the nutritional support might
have further improved the skeletal muscle mass and cancer
cachexia in our patients.

Nutritional support with omega-3 fatty acids for biliary-
pancreatic cancer was safe and increased skeletal muscle
mass, especially in patients with pancreatic cancer. Moreover,
pancreatic digestive enzyme supplements improved the
absorption of omega-3 fatty acids in patients with pancreatic
cancer. The ideal dose of omega-3 fatty acids remains to be
elucidated. 
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