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ABSTRACT

Background: It has been demonstrated that short term intravenous (IV)
administration of omega-3 polyunsaturated fatty acids (PUFAs) is more effective
than oral supplementation at promoting incorporation of the bioactive omega-3
PUFAs eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) into plasma,
blood cells and tissues. The effect of repeated short term IV infusion of omega-3
PUFAs was investigated in patients with advanced oesophagogastric cancer during

palliative chemotherapy.

Methods: Patients with advanced oesophagogastric cancer (n = 21) were recruited
into a phase II pilot clinical trial. All patients were scheduled for an intravenous
infusion of Omegaven® (fish oil supplement containing EPA and DHA) at a rate of 2
ml/kg body weight for 4 hours once a week for up to six months. Blood samples
were collected to assess omega-3 PUFA uptake into plasma non-esterified fatty acids
(NEFAs) and phosphatidylcholine (PC) and into red blood cell (RBC) membranes.
Fatty acid profiles were analysed by gas chromatography.

Results: Twenty patients received at least one Omegaven® treatment and were
included in the analysis. Each infusion of omega-3 PUFAs resulted in increased EPA
and DHA in plasma NEFAs, but there was little effect on PUFAs within plasma PC
during the infusions. However, with repeated weekly infusion of omega-3 PUFAs,

the EPA content of plasma PC and of RBC membranes increased.

Conclusion: Repeated weekly omega-3 PUFA infusion is effective in enriching
plasma PC and RBC membranes in EPA in patients with advanced oesophagogastric

cancer receiving palliative chemotherapy..

Key words: cancer; oesophageal cancer; fish oil; gastric cancer; Omegaven;

polyunsaturated fatty acids, parenteral nutrition
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INTRODUCTION

As long ago as 1863 Rudolf Virchow, after noting the presence of leukocytes
in cancer specimens, proposed a link between inflammation and cancer
development 14, Chronic inflammation leads to release of pro-inflammatory
eicosanoids which are metabolites of the omega-6 polyunsaturated fatty acid (PUFA)
arachidonic acid (AA). These metabolites, which include prostaglandin E; and
leukotriene By, play key roles in the initiation and propagation of colorectal, prostate,
breast and pancreatic cancer 2326, In contrast, there is now much evidence that the
omega-3 PUFAs, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA)

have anti-inflammatory and anti-cancer properties 1.7-10,

Fish is the major dietary source of EPA and DHA and they are also found in
fish oil supplements. One of the main mechanisms of their anti-inflammatory action
involves opposing the production and effects of the AA-derived eicosanoids 7. This
mechanism of action is linked to the incorporation of EPA and DHA into cell
membranes 1. Because of the opposing actions of omega-6 and omega-3 PUFAs,
both the content of omega-3 PUFAs and the ratio of omega-6 to omega-3 PUFAs in

cell membranes are important determinants of their anti-inflammatory effects 1213,

Omega-3 PUFAs may be administered by oral, enteral or parenteral means 14-
16, Carpentier et al. reported that intravenous (IV) infusion of a blend of 80%
medium-chain triacylglycerol and 20% fish oil into healthy volunteers led to an
increase in EPA in platelet and white blood cell phospholipids within 60 minutes
and that the observed enrichment remained for 48 hours!”. Another study
demonstrated incorporation of omega-3 PUFAs from 1V fish oil into plasma lipids
and red blood cell (RBC) membranes in patients with advanced pancreatic cancer 18.
A study in rats showed that short term IV infusion of omega-3 PUFAs is more
effective than oral supplementation at promoting incorporation of the bioactive
omega-3 PUFAs EPA and DHA into plasma, blood cells and tissues 1°. Hence, we
investigated the effect of once-weekly infusions of a fish oil-based lipid emulsion

(Omegaven®) for six months in patients with advanced oesophagogastric cancer
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receiving palliative chemotherapy. The outcomes were appearance of EPA and DHA
in two plasma lipid fractions (i.e., non-esterified fatty acids (NEFAs) and

phosphatidylcholine (PC)), and in RBC membranes.
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METHODS

Study design

This was a prospective, single arm clinical trial, evaluating the effect of using
intravenous (IV) omega-3 PUFAs in patients with advanced oesophagogastric cancer

receiving conventional platinum-based palliative chemotherapy.

Participants and setting

The study recruited adult patients referred to the University Hospitals of Leicester
NHS Trust Oesophagogastric Cancer Service, Leicester, United Kingdom with
confirmed diagnoses of oesophageal or gastric cancer. Inclusion criteria were,
amongst others, patients with inoperable oesophageal, junctional or gastric cancer
eligible for palliative platinum-based chemotherapy. Treatment intent along
palliative lines was determined after discussion at the weekly multi-disciplinary

team meeting by the clinical team.

Recruitment

The study received approval from the National Research Ethics Service East
Midlands - Nottingham 2 Committee (reference number 11/EM/0412). Eligible
participants were offered a participant information sheet at their first oncology clinic
visit. A minimum of 24 hours later potential participants were contacted to enquire
about trial participation. Participants were recruited between 1 May 2012 and 31 July
2013. Participant follow-up was continued for one year from the date of the last
treatment, disease progression, or death. All participants provided written informed

consent for trial inclusion.

Sample size

As this was a pilot and feasibility study, the sample size was selected on pragmatic
grounds to make an estimate of recruitment, retention and drug toxicity. Using the
Simon two stage model %, the intention was to recruit 21 participants for the first
stage of the study, perform interim analysis and proceed to recruitment of a further

24 participants, provided that eleven or more participants achieved a six month
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progression free survival. Here the findings for the first 21 trial participants are

reported.

Intervention

Participants received palliative chemotherapy with IV epirubicin (50 mg/m?) and
oxaliplatin (130 mg/m?) every 21 days and oral capecitabine (1250 mg/m?) daily for
21 days 21. This is standard practice for care of these patients in the UK. For the trial,
this regimen was coupled with IV infusion of omega-3 PUFAs as Omegaven®
(FreseniusKabi, Bad Homburg, Germany). Omegaven® was infused once weekly at
a rate of 2 ml/kg body weight for 4 hours (i.e., 140 ml over 4 hours in a 70 kg
patient). Omegaven® is a 10% fish oil lipid emulsion described by the manufacturer
as containing 1.25 to 2.82 g/100 ml EPA and 1.44 to 3.09 g/100 ml DHA. Chemical
analysis by gas chromatography revealed the EPA and DHA contents of the batch of
Omegaven® used in the current study to be 2.0 and 2.3 g/100 ml, respectively. Thus,
patients received 0.04 and 0.046 g EPA and DHA /kg body weight during each 4
hour infusion; in a 70 kg patient this would equate to 2.8 g EPA and 3.2 g DHA
during each infusion. Omegaven® was administered via a peripheral venous line
immediately after the chemotherapy treatment on day 1 of each cycle and then again
on days 8 and 15 of the cycle. Blood samples were collected prior to and immediately

after each infusion for analysis of PUFAs in plasma NEFAs and plasma PC.

Outcome measures

The fatty acid composition of plasma NEFAs, plasma PC and RBC membranes was
analysed over the entire treatment period of six months. Blood samples were taken
immediately prior to and within 15 minutes of completion of each cycle of
Omegaven® infusion (Figure 1). Plasma was prepared from all blood samples while
RBCs were prepared only from the pre-infusion blood samples. Blood was collected
into EDTA and plasma isolated by centrifugation at 1300 x g for 10 minutes. RBC
membranes were isolated from the pellet by addition of serial dilutions of phosphate

buffer saline (PBS) and centrifugation after each at 1300 x g for 10 minutes. All



155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

samples were stored at -80°C until analysed. Clinical outcomes will be reported

separately.

Fatty acid analysis by gas chromatography

Total lipid was extracted from plasma and RBC membranes with
chloroform:methanol (2:1 vol/vol); butylated hydroxytoluene (50 mg/1) was added
as an antioxidant. NEFAs and PC were isolated from the plasma lipid extract by
solid phase extraction (SPE) on Bond-Elute cartridges. The lipid extract was loaded
onto the SPE cartridge and triacylglycerols and cholesteryl esters were eluted with
chloroform and discarded. Next, PC was eluted with chloroform:methanol (60:40,
vol/vol) under vacuum suction. Finally, NEFAs were eluted with
chloroform:methanol:glacial acetic acid (100:2:2, vol/vol/vol) under vacuum
suction. Plasma NEFAs, plasma PC and RBC membrane lipids were dried down
under nitrogen at 40°C and then redissolved in 0.5 ml of dry toluene. Then fatty acid
methyl esters (FAMEs) were formed by reaction with methanol containing 2%
(vol/vol) sulphuric acid and heating at 50°C for two hours. After cooling and

neutralisation with KHCO3 and K,COs, FAMESs were extracted into hexane.

FAMESs were separated and identified by gas chromatography on a Hewlett Packard
6890 gas chromatograph fitted with a BPX-70 column (30 m x 0.22 mm x 0.25 pm).
The inlet temperature was 300°C. The oven temperature was initially 115°C and this
was maintained for 2 min after injection. The oven temperature was programmed to
increase to 200°C at the rate of 10°C/min to hold at 200°C for 16 min and increase to
240°C at the rate of 60°C/min to hold at 240°C for 2 min. The total run time was just
longer than 29 min. Helium was used as the carrier gas. FAMEs were detected by
using a flame ionization detector held at a temperature of 300°C. The instrument was
controlled by, and data collected, with HPChemStation software (Hewlett-Packard).
FAMEs were identified by comparison of retention times with those of authentic
standards run previously. The following omega-3 and omega-6 PUFAs were
identified - omega-3 PUFAs: a-linolenic acid, eicosatetraenoic acid, clupanodonic

acid (aka docosapentaenoic acid), EPA and DHA; omega-6 PUFAs: linoleic acid,
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gamma linolenic acid, eicosadienoic acid, dihomo-y-linolenic acid, adrenic acid and

arachidonic acid.

Statistical analysis
As data were not distributed normally, they are shown as median and interquartile
range. Data were log transformed prior to analysis using SPSS version 21. A p-value

of < 0.05 was considered to be statistically significant.
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RESULTS

Of the 21 patients recruited, 20 received at least one Omegaven® infusion and are
included in the intention-to-treat analysis (Table 1). These patients comprised 16
men and 4 women diagnosed with advanced oesophagogastric adenocarcinoma.
Patients were aged 47 to 80 (median 67) years. Eighty four Omegaven® treatments
were administered. As reported elsewhere??, no patient experienced grade 3 or 4
hypertriglyceridemia related to Omegaven® infusion. Two patients required

cisplatin instead of oxaliplatin chemotherapy due to peripheral neuropathy.

Omega-6 and omega-3 PUFAs in plasma NEFAs and plasma PC following a single
4 hour infusion of Omegaven®

Data for the first Omegaven® infusion are shown in Table 2. There was a significant
increase in the content of both EPA and DHA, and also of AA, in plasma NEFAs
during the infusion (Table 2). Thus, there was a significant increase in total omega-3
PUFAs and a significant decrease in the ratio of omega-6 to omega-3 PUFAs in the
NEFA fraction (Table 2). There was a strong trend for EPA content of plasma PC to
increase during Omegaven® infusion and there was a small, but significant,

decrease in the ratio of omega-6 to omega-3 PUFAs in the PC fraction (Table 2).

Repeatability of the increase in EPA, DHA and AA in plasma NEFAs following
Omegaven® infusion

The increases in EPA, DHA and AA in plasma NEFAs were examined after each of
the 24 infusions with Omegaven®; the results are shown in Figure 2. It is evident
that the increases in EPA of about 3.5%, in DHA of about 5% and in AA of about
0.5% seen with the first infusion (Table 2) are highly repeatable across each of the

later infusions (Figure 2).

Omega-6 and omega-3 PUFAs in plasma NEFAs and plasma PC over the entire
period of Omegaven® treatment
Blood samples collected prior to each Omegaven® infusion allowed the change in

PUFAs in plasma NEFAs and plasma PC to be determined over the entire treatment
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period of 6 months. Overall there was limited effect on the fatty acids in NEFAs.
However, the content of EPA in plasma PC increased with increasing number of
infusions (i.e., with time) (p < 0.001), as shown in Figure 3. In contrast, there was no
significant change in plasma PC DHA or AA over time (Figure 3). Consequently, the
total omega-3 PUFA content of plasma PC increased and the ratio of omega-6 to
omega-3 PUFAs decreased with increasing number of infusions, although this did

not reach statistical significance (data not shown).

Omega-6 and omega-3 PUFAs in RBC membranes over the entire period of
Omegaven® treatment

Blood samples collected prior to each Omegaven® infusion allowed the change in
PUFAs in RBC membranes to be determined over the entire treatment period of 6
months. Table 2 compares the data prior to the first and the final infusion. There was
a significant increase in the content of EPA, but there were no significant changes in

the content of DHA or AA in RBC membranes.
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DISCUSSION
Fish, fatty fish and omega-3 PUFAs may have a role in prevention of some cancers %,
. 24, Furthermore omega-3 PUFAs may have a role in cancer therapy. For example,
DHA supplements taken orally during chemotherapy of breast cancer led to reduced
toxicity and improved outcome of chemotherapy and chemosensitized breast
tumours . A combined EPA and DHA oral supplement increased efficacy of
chemotherapy in patients with advanced non-small cell lung cancer which improved
the response rate and had other clinical benefits 2. The use of omega-3 PUFAs, either
in capsules or as components of oral nutrition supplements, in the palliative
management of gastrointestinal cancer has been investigated mainly in colorectal
and pancreatic cancers ?-3. In some other studies when omega-3 PUFAs were
combined with palliative chemotherapy there was a reduction in chemotherapy
related toxicity and better preservation of lean body weight 151634, Fish oil resulted in
improved survival in three studies 283033, while improvement in quality of life was
seen in four studies. 15283234

In the studies described above, fish oil was provided either as capsules or in
oral nutrition supplements to patients with colorectal, breast, lung or prostate
cancer, conditions in which swallowing is not compromised. However, the use of
capsules or oral supplements would be more challenging for patients with advanced
oesophageal cancer due to luminal obstruction and resultant dysphagia. In these
patients, IV administration of omega-3 PUFAs (as fish oil) could be advantageous.
Not only would this circumvent problems with swallowing, but omega-3 PUFAs
were reported to be more easily incorporated into plasma, blood cells and tissues
when infused intravenously in rats compared to when given orally 1°. Furthermore
higher doses of EPA and DHA can be given intravenously than can be consumed
orally and the IV route assures compliance. Non-compliance has been reported to be
a problem in some studies of oral supplements in cancer patients 336, It was
considered that repeated short infusions over a period of several months could be a
strategy for supplying omega-3 PUFAs to patients with advanced oesophagogastric

cancer to increase their status of EPA and DHA.

11
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Omegaven® is a fish oil supplement emulsified with purified egg
phosphatidate. The fatty acids in the fish oil are largely present in the form of
triacylglycerols i.e., fatty acids esterified to glycerol; EPA and DHA contribute about
40 to 45% of the fatty acids present. Upon infusion, the triacylglycerols are
hydrolysed in the circulation by lipases releasing NEFAs. During the course of a
single infusion we observed a marked increase in EPA and DHA in the NEFA pool,
an average of 18.5- and 7-fold increases, respectively. This is consistent with the
aforementioned hydrolysis of the triacylglycerol component of the fish oil and is
important because the released non-esterified omega-3 PUFAs would be made
available to cells and tissues where they could elicit their biological effects. These
would include host cells involved in inflammation, immune and metabolic
responses but also cancer cells. These cells would take the fatty acids up by general
free fatty acid uptake mechanisms %, but in addition some cells, including
inflammatory macrophages, express receptors that have some specificity for omega-
3 PUFAs, particularly DHA 38. Thus, this rapid release of non-esterified EPA and
DHA would act to facilitate the functional activities of these fatty acids. There was
also a 50% increase in non-esterified AA during infusion. This is most likely because
Omegaven® contains AA (0.1 to 0.4 g per 100 ml according to the manufacturer)
which would also be freed by lipases. Patients received repeated weekly infusions of
Omegaven® for up to 6 months. The appearance of EPA, DHA and AA in the NEFA
pool was very similar with each infusion. As far as we are aware, this is the first time
that fatty acid changes with such a repeated regimen of fish oil infusion have been
reported.

Plasma PC, EPA, but not DHA, increased by a small amount during infusion.
PC acts as a monolayer “coat” on lipoproteins and the small increase in plasma PC
EPA during the 4 hour infusion would suggest recycling of the non-esterified EPA
that originated in Omegaven® into PC over that period. This most likely occurs in
the liver. It is not clear why DHA does not appear in plasma PC during a four hour
infusion, but appearance of DHA in plasma PC takes longer than appearance of EPA

39, probably reflecting different metabolic handling of the two omega-3 PUFAs.

12
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Arshad et al. used a weekly short term (2 hour) infusion of a lipid emulsion
providing omega-3 fatty acids in patients with advanced pancreatic cancer or three
consecutive weeks followed by a rest week, and assessed pre-infusion fatty acid
levels for up to six months. In that study, post-infusion levels were measured only
for seven weeks 18. The novelty of the current study is its use of repeated short-term
infusions (a single infusion of 4 hours each week) over a long period of time (up to 6
months). This regimen resulted in increased EPA in plasma PC and in RBC
membranes. These increases were progressive over time, suggesting a gradual
accumulation of EPA in these pools. This demonstrates that this approach enables
net accumulation of EPA in blood lipid and cell pools and this would be expected to
influence cell and tissue function. Oral supply of EPA results in a time-dependent
accumulation of EPA in plasma PC and in RBC membranes 3°. In the current study,
DHA did not accumulate in the way that EPA did. It is not clear why this is the case,
since DHA accumulates in plasma PC and RBC membranes when taken as a regular
oral supplement over a period of time, although accumulation of DHA is slower
than that of EPA 3°. Whatever the reason, the observation suggests that the DHA
provided in each infusion is used by the body in a different way than the EPA and
that it may not accumulate.

The regimen of repeated infusions of fish oil did not result in net
accumulation of EPA or DHA in plasma NEFAs assessed prior to each infusion. In
this state, most NEFAs would be derived from hydrolysis of triacylglycerols stored
in adipose tissue. The absence of any accumulation of EPA or DHA in plasma
NEFAs would suggest that there is very limited or no storage of infused EPA and
DHA in adipose tissue. It is worth noting that oral supplementation with high doses
of EPA and DHA for periods as long as one year results in only very small
accumulation of those fatty acids in adipose tissue 3940,

The ratio of omega-6 to omega-3 PUFAs in the diet, in blood lipids and in cells
and tissues is thought to be important in influencing metabolism and cellular
processes, including proliferation of cancer cells 12. In the current study, the changes

in the fatty acid content of plasma NEFAs during infusion and in plasma PC

13
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following repeated infusions resulted in a lowered ratio of omega-6 to omega-3
PUFAs. This would likely be of functional significance.

The novelty of its design is a strength of the current study, as is its
measurement of the fatty acid composition of two plasma lipid pools and one
cellular (RBC) pool. A limitation is its small sample size. A control group not
receiving intravenous fish oil was not necessary in the current study because in the
absence of an exogenous supply of EPA and DHA, their concentrations in plasma
NEFAs, plasma PC and RBC membranes do not change, as shown by previous long
term oral supplementation studies 3940 and in short term intravenous infusion
studies 4142

In the current study, an omega-3 PUFA containing lipid emulsion was
administered IV in patients receiving platinum-based chemotherapy. The aim was to
provide the two biologically active omega-3 PUFAs EPA and DHA. Roodhart et al. 43
demonstrated that another omega-3 PUFA, 16:4n-3, could be generated in the
presence of cisplatin and other platinum compounds and that it could induce
resistance to those compounds in some model systems. More recently, Daenen et al.
4 reported that 16:4n-3 is present at variable concentrations in many fish oils and
that its concentration in human blood plasma is increased following consumption of
fish oil supplements. So far it has not been possible to measure 16:4n-3 in
Omegaven® or in the human blood plasma samples generated as part of this study.
It is important to note that the analysis of 16:4n-3 and other platinum-induced fatty
acids is technically challenging; that common techniques for fatty acid analysis, such
as gas chromatography used in the current study, lack the sensitivity required to
detect the low concentrations of 16:4n-3; and that standards of so-called platinum-
induced fatty acids are not yet commercially available. It will be important in future
studies to gather information on the 16:4n-3 content of blood and blood cells and to
better understand its roles in cancer patients.

In conclusion, a 4 hour infusion with Omegaven® enriched plasma NEFAs
with EPA and DHA in patients with advanced oesophagogastric cancer receiving
palliative chemotherapy, while repeated 4 hour infusions once a week for several

months enriched plasma PC and RBC membranes with EPA.

14



364

365

366

15



367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

STATEMENT OF AUTHORSHIP

AM Eltweri, AL Thomas, D] Bowrey, A Arshad and AR Dennison contributed to the
study design and planning. AM Eltweri and DJ Bowrey as lead investigators sought
research ethics committee approval for the study and coordinated the study on an
ongoing basis. AM Eltweri and AL Thomas recruited trial participants. AM Eltweri
and A Arshad supervised all Omegaven infusions and performed all blood
sampling. AM Eltweri and HL Fisk conducted all laboratory analyses under the
supervision of PC Calder. AM Eltweri conducted the data analysis. AM Eltweri, PC
Calder and D] Bowrey drafted the initial manuscript. AR Dennison, AL Thomas, HL
Fisk and A Arshad revised the initial manuscript. All authors have seen and

approved the final draft.

CONEFLICT OF INTEREST

AME, ARD and DJB received departmental grant support for this work from
Fresenius-Kabi. PCC and ARD have received speaking honoraria from Fresenius-
Kabi. DJB has received departmental grant support for unrelated work from

Nutricia. The other authors have no conflicts to declare.

16



388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

REFERENCES

1. Philpott M, Ferguson LR. Inmunonutrition and cancer. Mutat Res. 2004;551:29-42.

2. Waldner MJ, Foersch S, Neurath MF. Interleukin-6--a key regulator of colorectal

cancer development. Int | Biol Sci. 2012;8:1248-1253.

3. Dethlefsen C, Hojfeldt G, Hojman P. The role of intratumoral and systemic IL-6 in

breast cancer. Breast Cancer Res Treat. 2013;138:657-664.

4. Mantovani A. Cancer: Inflaming metastasis. Nature. 2009;457:36-37.

5. Kornman KS. Interleukin 1 genetics, inflammatory mechanisms, and nutrigenetic

opportunities to modulate diseases of aging. Am | Clin Nutr. 2006;83:4755-483S.

6. Wang D, Dubois RN. Eicosanoids and cancer. Nat Rev Cancer. 2010;10:181-193.

7. Calder PC. Marine omega-3 fatty acids and inflammatory processes: Effects,

mechanisms and clinical relevance. Biochim Biophys Acta. 2015;1851:469-484.

8. Calder PC. Very long chain omega-3 (n-3) fatty acids and human health. European

Journal of Lipid Science and Technology. 2014;116:1280-1300.

9. Merendino N, Costantini L, Manzi L, Molinari R, D'Eliseo D, Velotti F. Dietary
omega -3 polyunsaturated fatty acid DHA: A potential adjuvant in the treatment of

cancer. Biomed Res Int. 2013;2013:310186.

17



406

407

408

409

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

10. Vaughan VC, Hassing MR, Lewandowski PA. Marine polyunsaturated fatty

acids and cancer therapy. Br | Cancer. 2013;108:486-492.

11. Calder PC. The relationship between the fatty acid composition of immune cells

and their function. Prostaglandins Leukot Essent Fatty Acids. 2008;79:101-108.

12. Simopoulos AP. The importance of the ratio of omega-6/omega-3 essential fatty

acids. Biomed Pharmacother. 2002;56:365-379.

13. Pizato N, Bonatto S, Yamazaki RK, et al. Ratio of n6 to n-3 fatty acids in the diet
affects tumor growth and cachexia in walker 256 tumor-bearing rats. Nutr Cancer.

2005;53:194-201.

14. Chen R, Cai JL, Zhou B, Jiang AF. Effect of immune-enhanced enteral diet on
postoperative immunological function in patients with colorectal cancer. Zhonghua

Wei Chang Wai Ke Za Zhi. 2005;8:328-330.

15. Trabal ], Leyes P, Forga M, Maurel J. Potential usefulness of an EPA-enriched
nutritional supplement on chemotherapy tolerability in cancer patients without

overt malnutrition. Nutr Hosp. 2010;25:736-740.

16. Jones R], Hawkins RE, Eatock MM, et al. A phase II open-label study of DHA-
paclitaxel (taxoprexin) by 2-h intravenous infusion in previously untreated patients
with locally advanced or metastatic gastric or oesophageal adenocarcinoma. Cancer

Chemother Pharmacol. 2008;61:435-441.

18



425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

17. Carpentier YA, Hacquebard M, Portois L, Dupont IE, Deckelbaum R], Malaisse
W]J. Rapid cellular enrichment of eicosapentaenoate after a single intravenous

injection of a novel medium-chain triacylglycerol:Fish-oil emulsion in humans. Am |

Clin Nutr. 2010;91:875-882.

18. Arshad A, Chung WY, Isherwood ], et al. Cellular and plasma uptake of
parenteral omega-3 rich lipid emulsion fatty acids in patients with advanced

pancreatic cancer. Clin Nutr. 2014;33:895-899.

19. Barros KV, Carvalho PO, Cassulino AP, et al. Fatty acids in plasma, white and
red blood cells, and tissues after oral or intravenous administration of fish oil in rats.

Clin Nutr. 2013;32:993-998.

20. Simon R. Optimal two-stage designs for phase II clinical trials. Control Clin Trials.

1989;10:1-10.

21. Cunningham D, Starling N, Rao S, et al. Capecitabine and oxaliplatin for

advanced esophagogastric cancer. N Engl | Med. 2008;358:36-46.

22. SARS abstracts. Br | Surg. 2015;102(s5):3-52.

23. Caygill CP, Charlett A, Hill MJ. Fat, fish, fish oil and cancer. Br | Cancer.

1996;74:159-164.

24. Rose DP, Connolly JM. Omega-3 fatty acids as cancer chemopreventive agents.

Pharmacol Ther. 1999;83:217-244.

19



444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

25. Bougnoux P, Hajjaji N, Ferrasson MN, Giraudeau B, Couet C, Le Floch O.
Improving outcome of chemotherapy of metastatic breast cancer by docosahexaenoic

acid: A phase II trial. Br | Cancer. 2009;101:1978-1985.

26. Murphy RA, Mourtzakis M, Chu QS, 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;117:3774-3780.

27. Barber MD, Preston T, McMillan DC, Slater C, Ross JA, Fearon KC. Modulation
of the liver export protein synthetic response to feeding by an n-3 fatty-acid-enriched

nutritional supplement is associated with anabolism in cachectic cancer patients. Clin

Sci (Lond). 2004;106:359-364.

28. Barber MD, Ross JA, Voss AC, Tisdale M], Fearon KC. The effect of an oral
nutritional supplement enriched with fish o0il on weight-loss in patients with

pancreatic cancer. Br | Cancer. 1999;81:80-86.

29. Barber MD, McMillan DC, Preston T, Ross JA, Fearon KC. Metabolic response to
feeding in weight-losing pancreatic cancer patients and its modulation by a fish-oil-

enriched nutritional supplement. Clin Sci (Lond). 2000;98:389-399.

30. Gogos CA, Ginopoulos P, Salsa B, Apostolidou E, Zoumbos NC, Kalfarentzos F.
Dietary omega-3 polyunsaturated fatty acids plus vitamin E restore
immunodeficiency and prolong survival for severely ill patients with generalized

malignancy: A randomized control trial. Cancer. 1998;82:395-402.

20



464

465

466

467

468

469

470

471

472

473

474

475

476

477

478

479

480

481

482

483

31. Persson C, Glimelius B, Ronnelid J, Nygren P. Impact of fish oil and melatonin on
cachexia in patients with advanced gastrointestinal cancer: A randomized pilot

study. Nutrition. 2005;21:170-178.

32. Moses AW, Slater C, Preston T, Barber MD, Fearon KC. Reduced total energy
expenditure and physical activity in cachectic patients with pancreatic cancer can be

modulated by an energy and protein dense oral supplement enriched with n-3 fatty

acids. Br | Cancer. 2004;90:996-1002.

33. Wigmore SJ, Barber MD, Ross JA, Tisdale M]J, Fearon KC. Effect of oral
eicosapentaenoic acid on weight loss in patients with pancreatic cancer. Nutr Cancer.

2000;36:177-184.

34. Read JA, Beale PJ, Volker DH, Smith N, Childs A, Clarke SJ. Nutrition
intervention using an eicosapentaenoic acid (EPA)-containing supplement in
patients with advanced colorectal cancer. effects on nutritional and inflammatory

status: A phase Il trial. Support Care Cancer. 2007;15:301-307.

35. Fearon KC, Von Meyenfeldt MF, Moses AG, et al. Effect of a protein and energy
dense N-3 fatty acid enriched oral supplement on loss of weight and lean tissue in

cancer cachexia: A randomised double blind trial. Gut. 2003;52:1479-1486.

36. Fearon KC, Barber MD, Moses AG, et al. Double-blind, placebo-controlled,
randomized study of eicosapentaenoic acid diester in patients with cancer cachexia. |

Clin Oncol. 2006;24:3401-3407.

21



484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

37. Glatz JF, Luiken JJ, Bonen A. Membrane fatty acid transporters as regulators of

lipid metabolism: Implications for metabolic disease. Physiol Rev. 2010;90:367-417.

38. Oh DY, Talukdar S, Bae EJ, et al. GPR120 is an omega-3 fatty acid receptor
mediating potent anti-inflammatory and insulin-sensitizing effects. Cell.

2010;142:687-698.

39. Browning LM, Walker CG, Mander AP, et al. Incorporation of eicosapentaenoic
and docosahexaenoic acids into lipid pools when given as supplements providing

doses equivalent to typical intakes of oily fish. Am | Clin Nutr. 2012;96:748-758.

40. Katan MB, Deslypere JP, van Birgelen AP, Penders M, Zegwaard M. Kinetics of
the incorporation of dietary fatty acids into serum cholesteryl esters, erythrocyte

membranes, and adipose tissue: An 18-month controlled study. | Lipid Res.

1997;38:2012-2022.

41. Barbosa VM, Miles EA, Calhau C, Lafuente E, Calder PC. Effects of a fish oil
containing lipid emulsion on plasma phospholipid fatty acids, inflammatory
markers, and clinical outcomes in septic patients: A randomized, controlled clinical

trial. Crit Care. 2010;14:R5.

42. Al-Taan O, Stephenson JA, Spencer L, et al. Changes in plasma and erythrocyte
omega-6 and omega-3 fatty acids in response to intravenous supply of omega-3 fatty

acids in patients with hepatic colorectal metastases. Lipids Health Dis. 2013;12:64..

43. Roodhart JM, Daenen LG, Stigter EC, Prins HJ, Gerrits ], Houthuijzen JM,

Gerritsen MG, Schipper HS, Backer MJ, van Amersfoort M, Vermaat JS, Moerer P,

22



505

506

507

508

509

510

511

512

513

514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537

Ishihara K, Kalkhoven E, Beijnen JH, Derksen PW, Medema RH, Martens AC,
Brenkman AB, Voest EE. Mesenchymal stem cells induce resistance to chemotherapy

through the release of platinum-induced fatty acids. Cancer Cell 2011;20:370-383.

44. Daenen LG, Cirkel GA, Houthuijzen JM, Gerrits J, Oosterom I, Roodhart JM, van
Tinteren H, Ishihara K, Huitema AD, Verhoeven-Duif NM, Voest EE. Increased

plasma levels of chemoresistance-inducing fatty acid 16:4(n-3) after consumption of

fish and fish oil. JAMA Oncol 2015;1:350-358.

Table 1: Characteristics of patients included in the trial

Characteristic n=21
Sex Male 16
Female 5
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Age

WHO/ECOG
Performance
status
Baseline
Weight

Tumour site

UICC Stage

Site of
metastasis

Median age in years (range)
Number aged >60 years
Number aged <60 years

0

1

2

Median weight in kg (range)

Oesophagus
Gastro-oesophageal junction
Stomach

Stage 3

Stage 4

Local or lymph node metastasis
One distant organ

Two or more distant organs

Total number of chemotherapy cycles delivered

(median)

Number of patients completing 4 cycles of
chemotherapy (%)

Number of patients completing 6 cycles of
chemotherapy (%)

67 (47-80)
16
5
8
9
4

76.5 (49.0-110.6)

12 (60%)

11 (55%)

ECOG = Eastern Cooperative Oncology Group; UICC = Union for International

Cancer Control; WHO = World Health Organisation
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Table 2: Omega-6 and omega-3 PUFAs in plasma NEFAs and plasma PC prior to
and at the end of the first Omegaven® infusion
Plasma NEFAs Plasma PC
Fat Pre- Post- Pre- Post-
aacitg Omegaven® | Omegaven® P Omegaven® | Omegaven® P
infusion infusion infusion infusion
EPA 0.2 (0.1-0.6) | 3.7 (2.8-4.3) |<0.001| 0.9 (0.6-1.1) 0.9 (0.7-1.3) | 0.067
DHA 0.9 (0.6-1.2) | 6.3 (5.7-8.3) |<0.001| 3.4 (2.8-3.8) 3.4(2.8-3.7) |0.715
AA 1.2(0.9-2.1) | 1.8(1.4-2.0) | 0.035 | 8.6 (7.6-10.5) | 8.5(7.4-10.7) | 0.315
Total 12.2 (11.1- 31.6 (30.3- 31.8 (30.1-
11.0 (9.7-12.6)| 0.142 0.900
omega-6 13.0) ( ) 34.4) 33.2)
PUFAs
Total 12.6 (10.5-
ol | 24(1.935) ( <0.001| 5.6(4.963) | 54 (5.0-61) |0.001
omega-3 14.9)
PUFAs
Omega-
6 to
Omega- 3.5(2.9-4.5) | 1.0 (0.9-1.0) |<0.001| 5.0 (4.4-5.4) 4.8 (4.5-5.1) |0.046
3 PUFA
ratio

Data are median and interquartile range percentage of total fatty acids (n = 20

patients).

P values were calculated using paired sample t-test on log transformed data.

AA = arachidonic acid; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid

(EPA); NEFAs = non-esterified fatty acids; PC = phosphatidylcholine; PUFA =

polyunsaturated fatty acid
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554 Table 3: Omega-6 and omega-3 PUFAs in RBC membranes prior to the first and
555  last infusion of Omegaven®

Prior to first Prior to final
Fatty acid Omegaven® Omegaven® p
infusion infusion
EPA 0.4 (0.4-0.6) 0.9 (0.9 - 1.0) 0.027
DHA 34 (21-43) 25(1.4-3.6) 0.534
AA 12.6 (8.9 - 16.4) 7.1 (3.2-10.9) 0.281

556  Data are median and interquartile range percentage of total fatty acids..

557 P values were calculated using paired sample t-test on log transformed data.

558 AA = arachidonic acid; DHA = docosahexaenoic acid; EPA = eicosapentaenoic acid;

559  PUFA = polyunsaturated fatty acid; RBC = red blood cell

560

561
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Epirubicine and Oxaliplatin given IV on day 1 of each cycle, Capecitabine orally twice a day for 21 day each cycle

¢ 0 ¢ 0 ¢ ¢ 0 0 ¢ 0 0 0 0 ¢ 0 0 0 0 ¢ 0 O O 0 0
cycle 1 cycle 2 cycle 3 cycle 4 cycle 5 cycle 6 cycle 7 cycle 8
1w 2w 3w |1w |2w [3w |1w [2w |3w 1w|2w I3w Iw [2w [3w |1w 2w [3w |1w 2w |3w |1w [2w |3w

/N N T T AN
¢ 0 0 0 0 0 0 0 ¢ 0 0 0 0 0 0 0 0 0 0 0 O O 0 0O

Weekly fish oil intravenous 4 hourly infusion

¢=Plasma blood sample collection
o= RBCblood sample collection

Figure 1: Overview of timing of Omegaven® infusion and blood sample collection.
Chemotherapy (epirubicin, oxaliplatin, capecitabine) was administered in three
weekly cycles, for up to eight cycles. Omegaven® was administered on a weekly

basis, for up to 24 cycles.
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Plasma NEFA PUFA response to weekly Omegaven infusion
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Figure 2: Percentage change in EPA, DHA and AA in plasma NEFAs for each
weekly infusion of Omegaven® i.e., comparison of immediate post- with pre-
infusion levels for each cycle. Data are median and interquartile range, and are for

decreasing numbers of patients as the time increases.
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Plasma PC PUFA response prior to each infusion of Omegaven over 24 weeks
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Figure 3: Percentage of EPA, DHA and AA in plasma PC prior to each infusion of

Omegaven® i.e., comparison of each baseline pre-infusion level for up to 24 weeks.

Data are median and interquartile range, and are for decreasing numbers of patients

as the time increases.
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