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ABSTRACT

OBJECTIVES: The purpose of this prospective, randomized study was to evaluate the effects of a diet containing eicosapentaenoic acid (EPA), docosa-
hexaenoic acid (DHA), gamma-linolenic acid (GLA), and antioxidants in head and neck cancer surgery patients with free-flap reconstruction.
METHODS: In this randomized, prospective study, 62 patients with head and neck cancers were assigned to receive a general control diet (Ensure® H;
Abbott Japan, Tokyo, Japan) or the study diet (Oxepa®; Abbott Japan) containing EPA, DHA, GLA, and antioxidants (eg vitamins A, E, and C). The pri-
mary assessment item was the degree of postoperative inflammation, as assessed by measuring maximum body temperature and levels of C-reactive protein
(CRP) and procalcitonin from the day of surgery to postoperative day 8. Secondary assessment items were lengths of stays in the intensive care unit (ICU)
and hospital.

RESULTS: The control diet group (z = 32) and study diet group (» = 30) showed no significant difference in energy administered through diet. No signifi-
cant differences in the parameters of the primary assessment item were noted. Length of stay in the ICU was significantly shorter for the control diet group

than for the study diet group (P =0.011). No significant difference in duration of hospitalization was seen between groups.
CONCLUSION: No usefulness of a diet containing EPA, DHA, GLA, and antioxidants was demonstrated.
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Introduction

Some nutrients exert influences on immunity and inflam-
matory reactions in humans. However, the extent to which
nutrients affect the clinical course in seriously ill patients
remains unclear. Effects are considered to vary with the type
of intervention and patient characteristics.! Fatty acids (FAs)
and antioxidants are representative pharmaconutrients exert-
ing influences on inflammatory reactions. Omega-3 (O-3)
FAs and omega-6 (O-6) FAs possess a common metabolic

pathway, and their anti-inflammatory actions are regulated by
the proportions of O-3 FAs and O-6 FAs. Eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA) are representa-
tive O-3 FAs and gamma-linolenic acid (GLA) is a represen-
tative O-6 FAs.2 Examples of antioxidant substances include
vitamins C and E,3 selenium, zinc, manganese, and iron.* While
immunoenhancing diets, such as those including EPA, GLA,
and antioxidants, have been suggested to potentially reduce
inflammatory reactions, their actual clinical utility has remained
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controversial in reports of surgery for cancer, with some
reporting their usefulness>® and some showing no efficacy.””
In 2009, Stableforth et al reported a meta-analysis of 10 trials
investigating immunonutrition with head and neck cancer sur-
gery. Little evidence of heterogeneity was seen. Pooled estimates
showed a reduction in the length of hospital stay by 3.5 days,
and no reduction in clinical complications.!” In addition, immu-
noenhancing diets are more expensive than standard diets.

Published data have shown the benefits of postoperative
enteral feeding.!! Leading scientific societies such as the
American Society for Parenteral and Enteral Nutrition
(ASPEN) and the European Society for Clinical Nutri-
tion and Metabolism (ESPEN) currently agree that enteral
nutrition should be used as the method of choice in peri-
operative treatment.!>!13 For advanced head and neck can-
cers, reconstruction with free flaps is necessary following
lesion resection. Such operations are long and highly
invasive. Also, since no resection of internal organ tissue
is performed, as in the case of laparotomy or thoracotomy,
patients who undergo such procedures are good candidates
for postoperative tube feeding. The purpose of this prospec-
tive, randomized study was to investigate the efficacy of a
diet containing EPA, DHA, GLA, and antioxidants for
head and neck cancer surgery patients scheduled to undergo
free-flap reconstruction.

Patients and Methods

Patients and treatment. This study was carried out in the
Department of Head and Neck Surgery and the Department of
Otolaryngology at Tokyo Medical University Hachioji Medical
Center between January 2010 and April 2013. Subjects com-
prised 62 of 69 patients diagnosed with head and neck cancers
who had undergone free-flap reconstruction, excluding those
who underwent reconstruction using a free jejunal flap. After
obtaining informed consent to participate in the study, patients
were randomly assigned to a control diet group (Ensure® H;
Abbott Japan, Tokyo, Japan) or a study diet group (Oxepa®;
Abbott Japan). Random assignment was performed using a
sealed envelope system with numbers from a code table cre-
ated from a random number table. The first author, Tsukahara
K, generated the random allocation sequence and assigned par-
ticipants to interventions. The mechanism used to implement
the random allocation sequence was concealed until interven-
tions were assigned. Ingredients in the control and study diets
are listed in Table 1, and fat compositions are provided in Table
2. At 150 kcal/100 mL, energy concentrations were the same for
both diets.

The fat source for the control diet was corn oil alone,
which naturally delivers 59% linoleic acid and 25.2% oleic
acid. Corn oil was selected because of the rich content of
essential FAs. For the study diet, fish oil, canola oil, and bor-
age oil were blended to deliver EPA, DHA, and GLA to the
target levels that have been shown to improve the pulmonary
failure ratio in patients with acute lung injury (ALI) and acute

Table 1. Composition of diets per 100 kcal.

CONTROL DIET STUDY DIET
Protein g 3.5 4.2
Lipid g 3.5 6.3
Carbohydrate g 13.7 71
Vitamin A ug RE 751 105
Vitamin D ug 0.5 0.7
Vitamin E mgao-TE 3 14
Vitamin K ug 7 2.7
Vitamin B1 mg 0.15 0.21
Vitamin B2 mg 0.17 0.24
Niacin mg NE 2 1.9
Vitamin B6 mg 0.2 0.29
Vitamin B12 ug 0.6 0.4
Folic acid ug 0.02 28
Pantothenic acid mg 0.5 0.9
Biotin ug 15.2 4
Vitamin C mg 15.2 56
Na mg 80 87
Cl mg 136 113
K mg 148 131
Ca mg 52 71
Mg mg 20 21
P mg 52 67
Fe mg 0.9 1.3
Zn mg 1.5 1.2
Cu mg 0.1 0.15
Mn mg 0.2 -

Abbreviations: RE, retinol equivalent; o-TE, alpha-tocopherol equivalents;
NE, niacin equivalents.

respiratory distress syndrome (ARDS). This fat blend was
determined based on various in vivo and vitro studies.!*7
The study diet was selected for this study because EPA and
GLA are known to control inflammation reactions in stressed
patients. Linoleic acid is known to be proinflammatory, and
the differences in the characteristics of these FAs were also
within the scope of the study to compare the study and con-
trol diets. As yet, no reports have described adverse events in
which either formula evoked inflammation in patients. Oleic
acid is known to be stable against oxidation and appropriate
as a fat source for enteral nutrition. Both blends are commer-
cial formulas without any specific modification added for this
study, although the control diet is a pharmaceutical formula
for prescription use. Addition of selenium to food formulas is
not permitted in Japan. The control diet did not include sele-
nium, as the formula was developed for postoperative nutri-
tional support to deliver generally required nutrients without
fortification of specific nutrients. Supplementation with
vitamins A, E, and C is easily achieved with individualized
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Table 2. FA information.

CONTROL DIET (%) STUDY DIET (%)

Lauric acid 0.13 0.17
Myristic acid 0.20 0.10
Palmitic acid 11.70 5.67
Stearic acid 2.30 1.69
Oleic acid 25.20 28.85
Linoleic acid 59.23 15.12
Linolenic acid 0.93 3.27
v-linolenic acid - 4.32
Arachidonic acid 0.30 0.21
Eicosapentaenoic acid  — 5.34
Docosahexaenoic acid  — 2.36

injections or oral formulations. Although, representing only
fortification of two- to four-fold, these fortified levels are
higher than in most commercially available enteral formulas.
These levels of fortification were thought to be sufficient to
compensate for the oxidative stress arising from ventilation
in ALI and ARDS patients that was the original target of
the study diet."’!? Vitamin K functions as an integral part of
the coagulation system and may not be appropriate for inten-
sive care unit (ICU) patients. Vitamin K can also generally be
synthesized in the necessary amounts in the human body, so
fortification in the study formula was considered unnecessary.
The control diet was a pharmaceutical formula developed for
general postoperative patients and as such included vitamin K
to satisfy general nutrition needs. We did not consider that
the low vitamin K level in the study formula would affect the
study outcomes. The study diet was developed as an upgraded
version of a formula for chronic obstructive pulmonary disease
(COPD) with the major fat source as canola oil, a source of
oleic acid in the formula. The fat source for the study formula
was changed to fish oil and borage oil to increase the amounts
of EPA and GLA as well as antioxidant vitamins for ALI and
ARDS patients to improve outcomes.'®1

We calculated a standard weight from the height for a
body mass index of 22. Basal metabolic rate was determined as
follows: standard weight x 30 kcal/kg/day. The target amount
of energy administered was calculated as follows: basal meta-
bolic rate X activity index (1.1). Administration of the diet via
nasogastric tube was commenced within 24 hours of complet-
ing surgery, starting at 20-50 mL/hour or 3075 kcal/hour
and then adjusted as appropriate. After commencing admin-
istration, adjustment was made to achieve 75% of calculated
calorie requirement within 72 hours.

The period of administration for both the control and
study diet was determined as a minimum of 4 days, including
day 1 of administration. The target daily water intake, includ-
ing water content of the diet, was set at weight X 30 mL or
administered energy amount X 1 mL, whichever was greater,

and was administered as a flush, before and after administration
of the diet, and at the time of giving medications. During the
administration period of the control or study diet, no other
enteral nutrients or fat emulsions were administered. Depend-
ing on the overall condition of the patient, based on the
judgment of a doctor, fluid replenishment was conducted as
appropriate and antibiotics or other drugs were administered.
Rehabilitation of swallowing was started from postoperative
days 7-10. Administration of the diet via nasogastric tube was
used until sufficient oral food intake was resumed. Discharge
from the hospital was determined once the wound, general
condition, and oral food intake had stabilized.

The present study was approved by the Ethics Commit-
tee of Tokyo Medical University (IRB number 1201) and con-
ducted in accordance with the Declaration of Helsinki. The
authors assert that all procedures contributing to this work
comply with the ethical standards of the relevant national and
institutional guidelines on human experimentation and with
the 1975 Declaration of Helsinki, as revised in 2008. We
obtained written informed consent from all participants prior
to enrollment. The study was registered at University Hospital
Medical Information Network Center (UMIN; http://www.
umin.ac.jp: ID000013158). The authors confirm that all ongo-
ing and related trials for this drug/intervention are registered.

Participation criteria.

Inclusion criteria. Patients were required to be Japanese,
=20 years old, and to have undergone head/neck cancer sur-
gery using a free flap (excepting jejunum surgery cases, no
laparotomy). Patients had to have the possibility of nutri-
tional supplementation via enteral nutrition beginning within
24 hours of surgery, for at least 5 days. In addition, patients
or a suitable family member/relative had to provide voluntary,
written, informed consent for participation.

Exclusion criteria. Patients meeting any of the following
criteria were excluded: pregnancy or lactation; very short vital
prognosis (expectation of survival <28 days); recent stroke or
subarachnoid hemorrhage; non-functioning ileus or intestinal
tract; significant immunosuppression (leukocytes <1000 cells/
mm?); infection with human immunodeficiency virus; hyperlip-
idemia (triglycerides >500 mg/dL; total cholesterol >300 mg/
dL); unsuitability for enteral nutrition; recent gastrointestinal
hemorrhage; poorly controlled diarrhea; congenital metabolism
disorder; milk protein intolerance; acute nephritis, nephrosis, or
end-stage renal disease requiring strict limitation of protein and
electrolytes; cardiac failure accompanied by nausea, vomiting,
or diarrhea; participation in another trial within 30 days prior to
registration for this present trial; or other reasons to be judged
unsuitable by the principal investigator or sub-investigator.

Assessments. The primary assessment item was degree
of postoperative inflammation, as assessed by maximum body
temperature and levels of C-reactive protein (CRP) and pro-
calcitonin from the day following surgery to postoperative
day 8. Secondary assessment items were lengths of stays in the

ICU and hospital.
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Statistical analysis. We determined power with reference
to the study by Ryan et al,?° and calculated that 60 patients
would be required. Enrollment for the present study was
stopped at 62 patients, as the target for patients able to be
analyzed had been reached. SAS version 9.3 software (SAS
Institute, Cary, NC, USA) was used for all analyses. Two-way
repeated-measures analysis of variance was utilized to deter-
mine factors affecting therapeutic efficacy and their 95% con-
fidence intervals. Values of P < 0.05 were taken as statistically
significant. All analyses were performed according to intention
to treat and were conducted on the population of qualified sub-
jects in whom part or all of the protocol had been conducted.
All values are indicated as mean + standard deviation.

Results

Patient characteristics. Thirty-two subjects were allo-
cated to the control diet group and 30 to the study diet group
(Fig. 1). Patient characteristics are shown in Table 3. The con-
trol diet group included 19 men and 13 women, with a mean
age of 63.0 = 13.3 years, median height of 162 £ 7.9 cm, and
median weight of 57.2 £ 9.4 kg. The study diet group com-
prised 26 men and 4 women, with a mean age of 64.6 + 10.2
years, median height of 162 + 8.2 ¢m, and median weight of
59.0 £ 9.4 kg. No significant differences in age, weight, or
height were evident between groups. Underlying diseases in
the control diet group were mesopharyngeal carcinoma in
4 cases, oral cavity carcinoma in 21 cases, parotid gland carci-
noma in 2 cases, maxillary carcinoma in 4 cases, and external
ear carcinoma in 1 case. Reconstruction was conducted using

a free rectus myocutaneous flap (free RAM flap) in 19 patients
and free forearm flap (free FA flap) in 13 patients. Underly-
ing diseases in the study diet group were laryngeal carcinoma
in 4 cases, mesopharyngeal carcinoma in 7 cases, oral cav-
ity carcinoma in 14 cases, parotid gland carcinoma in 2 cases,
maxillary carcinoma in 2 cases, and external ear carcinoma in
1 case. Reconstruction was conducted using a free RAM flap
in 10 patients and free FA flap in 20 patients. Preoperative
body temperature was 36.4 £ 0.26°C in the control diet group
and 36.4 + 0.20°C in the study diet group. Preoperative CRP
levels were 0.63 + 1.38 mg/dL in the control diet group and
0.37 £0.57 mg/dL in the study diet group. No significant dif-
ferences between groups were identified for any item.

Administered energy of diets. All patients were fed via
the nasogastric tube for at least 8 days. Administered energy
amounts for diets are shown in Table 4. In day 5, energy intake
was significantly larger in study group. Excluding day 5,
no significant differences were evident between groups. The
result of analysis of variance for continuous measurements was
P <0.001, indicating no significant difference between groups.

Serum biochemistry (maximum body temperature,
CRP, procalcitonin). Serum biochemistry data are shown in
Table 5 and Figure 2.

Again, no significant differences between groups were seen
for any of the measured parameters (maximum body tempera-
ture, leukocyte count, CRP, and procalcitonin) on any of the days.

The result of analysis of variance for continuous mea-
surements was P < 0.001, indicating no significant difference
between groups.

Assessed for eligibility (n = 69)

Excluded (n=7)

e Declined to participate (n = 7)

Randomized (n = 62)

Assigned to Oxepa®
group (n = 32)

Lost to follow-up (n = 0)

Analyzed (n = 32)
Excluded from analysis (n = 0)

Figure 1. Consolidated standards of reporting trials (CONSORT) diagram.

Assigned to Ensure H
group (n = 30)

Lost to follow-up (n = 0)

Analyzed (n = 30)
Excluded from analysis (n = 0)
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Table 3. Patient characteristics.

CONTROL DIET (n =32) STUDY DIET (n =30) P

Sex (cases) 0.023

Male 19 26

Female 13 4
Age (median, years) 63.0+13.3 64.6 £10.2 0.601
Height (median, cm) 162+7.9 162 +£8.2 0.799
Weight (median, kg) 57.2+9.4 59.0£9.4 0.479
Primary site (cases) 0.214

Laryngeal carcinoma

Mesopharyngeal carcinoma

Oral cavity carcinoma 21 14

Parotid grand carcinoma

Maxillary carcinoma 4

External ear carcinoma 1
Type of free flap (cases) 0.047

Free rectus abdominal Myocutaneous flap 19 10

Free forearm flap 13 20
Fever (°C) 36.4+0.20 36.4+0.26 0.322
C-reactive protein (mg/dl) 0.37 £0.57 0.63+£1.38 0.338

Note: Each value represents mean + standard deviation.

Lengths of stays in the ICU and hospital. The length
of stay in the ICU was significantly shorter for the control
diet group (2.87 £ 0.43 days) than for the study diet group
(3.24 £ 0.64 days; P=0.011).

'The length of stay in the hospital did not differ signifi-
cantly between the control diet group (64.4 £ 39.5 days) and
the study diet group (63.4 £ 32.7 days; P = 0.508).

Discussion

In the present study, no usefulness of a diet containing EPA,
GLA, and antioxidants was demonstrated for postoperative
head and neck cancer patients with free-flap reconstruction.
No significant differences were observed for any of the primary

Table 4. Administered energy of diet (kcal).

POSTOPERATIVE DAY CONTROL DIET STUDY DIET P

1313.7 £481.5
1362.5 £479.7

15632.0+292.7 0.10
0.47

1 163.9 £ 1401 151.0 £ 119.3 0.66
2 529.2 +344.8 424.0£341.6 0.22
3 8441 +495.2 691.2 +446.1 0.14
4 1082.0 +567.6  1371.0 £ 1052.8 0.28
5 1069.5+555.0 1394.0+353.2 0.02
6 1188.2+£518.4  14475+2714  0.05
7

8

1499.6 £ 359.2

Note: Each value represents mean + standard deviation.

assessment parameters of maximum body temperature, CRP
or calcitonin, or for the duration of hospitalization. However,
the length of stay in the ICU was significantly shorter for the
control diet group. In addition, energy intake was larger in
the study group on days 4-8, for unknown reasons. Oxepa®,
which was used as the study diet, is an immunoenhancing
diet that contains the O-3 FAs, EPH and DHA, and the O-6
FAs, GLA, along with an enhanced antioxidant content. In
contrast, the control diet of Ensure® H is a standard, non-
immunoenhancing enteral nutrition diet with low antioxidant
content. The safety of both diets has been demonstrated in
clinical trials conducted worldwide.” Because no studies of
Oxepa® versus Ensure® H in the field of head and neck can-
cer have been conducted to date, we conducted the present
randomized controlled trial study in which intention-to-treat
analysis was conducted.

An immunoenhancing diet has been found to modulate
both the hyperinflammatory and compensatory phases.?! On
the other hand, a meta-analysis that included 22 randomized
trials of immunonutrition in postoperative and critically ill
patients did imply a significant reduction in infective compli-
cations, but showed no improvement in mortality.! Another
meta-analysis of 21 randomized trials involving major gastro-
intestinal surgery concluded that immunonutrition decreased
morbidity and hospital stay, but not mortality rates.?? The
wide disparity in results from more than 30 randomized trials
aimed at assessing the clinical significance of immunonutri-
tion over the past two decades limits the ability to draw firm
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Table 5. Serum biochemistry.

POSTOPERATIVE MAXIMUM BODY TEMPERATURE (°C)

C-REACTIVE PROTEIN (mg/l)

PROCALCITONIN

DAY CONTROL DIET STUDYDIET P CONTROLDIET STUDYDIET P CONTROL DIET STUDYDIET P
1 37.9+0.4 37.8+04 0292 80+37 72424 0.385 1.6+2.7 1.6+1.9 0.495
2 37.9+0.6 37.8+04 0432 17.2+55 16.0+37 0423 2252 16+26 0.812
3 377+06 37.9+06  0.255 14.8+3.8 15.0+43  0.385 1.2+2.6 21+53 0.977
4 37.7+0.6 376+06 0982 107+4.2 11.6+43 0256 1.2+2.6 15+3.4 0.773
5 37.6+0.6 376+0.5 0723 84+42 9.8+3.9 0.073 07+1.2 0.9+20 0.760
6 37.5+0.6 374+04 0267 75+35 8.3+4.1 0.222 05+0.7 0.4+1.2 0.965
7 37.5+0.5 37.3+05  0.364 6.2+3.4 8.0+45 0.065 0.3+0.4 0.4+0.8 0.500
8 37.3+0.6 37.2+05  0.458 71+3.2 6.9+4.4 0.956 0.1+0.1 0.2+0.5 0.354

Note: Each value represents mean + standard deviation.

conclusions. In addition, results in the field of cancer surgery
have been mixed and controversial.>~ Infective complication
rates have been shown to be reduced in cancer patients receiv-
ing immunoenhancing diet,?>?* but the data in those studies
were not analyzed on an intention-to-treat basis.” Another
prospective, randomized, controlled, double-blind study failed
to demonstrate any reduction in infective complications with
a perioperative immunoenhancing diet in upper gastrointesti-
nal cancer patients.?> A further prospective randomized study
showed no benefit from an immunoenhancing diet adminis-
tered postoperatively in patients with upper gastrointestinal
malignancies.?® In 2009, Stableforth et al reported a meta-
analysis of 10 immunonutrition trials in head and neck cancer
surgery. Little evidence of heterogeneity was identified. Pooled
estimates showed a reduction in the length of hospital stay of

3.5 days, and no reduction in clinical complications.!® Stable-
forth et al stated that the reasons for the reduction in postopera-
tive hospital stay without improvement of other outcomes were
“unclear.”!® Similarly, we are uncertain why the length of stay
in the ICU was significantly shorter for the control diet group
than for the study diet group in the present study. Klek et al
studied perioperative immunonutrition in 776 patients under-
going gastric or pancreatic resections and concluded that the
type of postoperative nutrition was of no importance in well-
nourished patients, whereas enteral immunonutrition helped
to improve treatment outcomes in malnourished pzttients.27
When initially examined, 30-50% of head and neck cancer
patients were found to be in a poor state of nutrition.?®?? In the
present study, given the initial heights of control and study diet
group subjects of 162 £ 7.9 cm and 162 + 8.2 cm, respectively,

Maximum body temperature
38.5

38 T T -
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°c
\\

36.5
1

36

C-reactive protein

Procalcitonin
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Figure 2. Serum biochemistry.
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and body weights of control and study diet group subjects
of 57.2 £ 9.4 kg and 59.0 £ 9.4 kg, respectively, we consider
that patients were not in a poor state of nutrition preopera-
tively. One possible contributor to the study results was that
our patients were well nourished preoperatively. This study
was performed in a single institute, Tokyo Medical University
Hachioji Medical Center. A multicenter study of preoperative
nourishment with a larger sample size might be required.

Expression of human leukocyte antigen (HLA)-DR is
crucialin the specific immune response to infection, and HLA-
DR expression is reduced on the T lymphocytes of patients
who develop postoperative infections.3® When administering
Oxepa®, the same diet used in the present study, to esophago-
gastric cancer patients for 7 days before and after surgery, Sul-
tan et al” observed that immunonutrition with O-3 FAs did
not affect overall HLA-DR expression on leukocytes, despite a
significant increase in plasma concentrations of O-3 FA. Fur-
thermore, Sorensen et al® administered O-3 FAs (EPA and
DHA) to patients undergoing elective surgery for colorectal
cancer for 7 days prior to surgery and conducted a granulocyte
FA analysis on the day of operation. From the results, they
concluded that preoperative oral supplementation with O-3
FAs for 1 week can change the FA composition of granulocyte
membranes. However, postoperative changes in the FA com-
position of granulocyte membranes were not studied. Osland
et al reported a systematic review and meta-analysis regarding
the clinical effects of the timing of immunonutrition adminis-
tration to 2005 patients.3! Significant reductions in infectious
complications and length of hospital stay were found with
peri- and postoperative administration, while preoperative
immunonutrition provided no clear advantage over standard
nutrition. In our study, administration of immunonutrition
was performed peri- and postoperatively. We therefore con-
sider that the methods applied in this study were appropriate.

Immunoenhancing diets are more expensive than
standard diets: Oxepa® costs 799 ¥/can, while Ensure® H
costs 270 ¥/can. If the clinical effects of standard diets are the
same as immunoenhancing diets, this represents a meaning-
ful finding in terms of medical economics. The present study
did not demonstrate any usefulness for a diet containing
EPA, GLA, and antioxidants among postoperative head and
neck cancer patients with free-flap reconstruction. We hope
that this study will contribute to the controversial discussion
about providing an immunoenhancing diet for cancer patients
treated by surgery.
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