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The impact of n-3 polyunsaturated fatty acids in

patients with cancer: emerging themes

Barbara van der Meij*°, Sarah Parsons® and Vera Mazurak®

Purpose of review

This review summarizes recent literature falling broadly under the topic of n-3 polyunsaturated fatty acids
(PUFAs) in the oncology setting, highlighting emerging themes and emphasizing novel explorations.

Recent findings

Meta-analyses continue to confirm safety and efficacy of n-3 PUFA supplementation on reducing
inflammation and improving survival in people with cancer. Common themes in recent studies emphasize
improving tumor-directed efficacy and reducing toxicities of common cancer therapies. New areas of
inferest include the impact of n-3 PUFA when combined with immunotherapies and applications in pediatric
acute lymphoid leukemia. Novel assessments include specialized pro-resolving lipid mediators, the
infestinal microbiome and psychological well being. A variety of clinically relevant outcomes including
nutritional status, toxicities and survival are being explored in ongoing clinical studies.

Summary

Evidence confirms the safety of n-3 PUFA for patients with cancers, as well as benefits in some, but not all
areas of exploration. Larger, well designed trials with biological assessment of compliance compared to the
prescribed n-3 PUFA dose would strengthen the evidence needed to integrate n-3 PUFA recommendations

info clinical practice for patients with cancer.
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A wealth of literature exists on the impact of long-
chain n-3 polyunsaturated fatty acids (PUFAs) in the
oncology setting. a-Linolenic acid is a dietary essen-
tial n-3 fatty acid found in plant oils. The longer,
more polyunsaturated n-3 fatty acids, eicosapentae-
noic acid (EPA) and docosohexaenoic acid (DHA),
are found in the oils of fatty fish, seafood, and algae
and exhibit greater biological activity than linolenic
acid. Themes involving n-3 PUFAs and cancer that
have dominated the cancer literature in the last
25 years span cachexia, muscle wasting, side effects
of cancer treatment, quality of life and survival.
Long-chain n-3 PUFAs have well established effects
on the immune system [1,2] and muscle condition
[3] in the context of chronic disease. However,
evidence for the impact on patients with cancer
in clinical studies is conflicting and n-3 PUFAs in
the oncology setting are not consistently part of
clinical practice guidelines. The purpose of this
review is to summarize current trends in the recent
literature, highlighting emerging themes with an
emphasis on novel explorations in relation to the
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impact of n-3 PUFAs in cancer. Strategically
designed research studies will improve the evidence
available for making n-3 PUFA recommendations
that benefit patients with cancers.

A literature search identified published meta-anal-
yses and clinical studies in the past 18 months on
the topic of ‘n-3 PUFAs and the cancer patient’.
Registered protocols reported on clinicaltrials.gov
that do not yet have published results were
also explored to highlight emerging themes.
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KEY POINTS

e Evidence continues to grow for safety and efficacy for
reducing inflammatory markers, reducing side effects
and increasing survival with n-3 PUFAs in patients
with cancer.

o New populations under study for n-3 PUFA interventions
include participants with pediatric cancers and those
undergoing immunotherapy.

o Novel measures include oxylipins and specialized pro-
resolving mediators derived from n-3 PUFAs as well as
modulation of the microbiome to enhance outcomes
during active treatment.

e Biological measures of n-3 PUFA status must be applied
to improve evidence around doses of n-3 PUFAs
required in the clinical setting.

Thirty-three relevant publications were reviewed: 17
human studies, 10 experimental studies, and 6
meta-analyses. Fourteen ongoing studies were regis-
tered on clinicaltrials.gov.

Recent meta-analyses and systematic
reviews

Relevant meta-analyses included studies with large
sample sizes, consistently demonstrating the safety
of n-3 PUFAs (conclusions presented in Table 1). No
serious adverse events were identified with n-3 PUFA
supplementation in patients with a variety of
chronic diseases across 90 studies involving 55940
participants [4]. Patients with cancer in the surgical
setting who received n-3 PUFAs with or without
(neo-)adjuvant chemotherapy experienced shorter
length of stay and anti-inflammatory effects [6].
Evidence was mixed on the impact of n-3 PUFAs
on nutritional status and quality of life across clin-
ical settings from significant effects to no effects
[6,9]. However, no meta-analysis to date has raised
concern about safety with doses used in clinical
studies (up to 5 g/day of n-3 PUFAs).

Clinical studies

Randomized controlled trials (RCTs) published in
the past 18 months included a variety of outcome
measurements and cancer types including breast

Table 1. Systematic reviews and meta-analysis

Number of studies included
and total number of partici-
pants (n)

Conclusion

Reference Title
Chang et al., Safety of supplementation of omega-3
2023 [4] polyunsaturated fatty acids: a
systematic review and meta-analysis of
randomized controlled trials
Guo et al., n-3 PUFA can reduce IL-6 and TNF levels
2023 [5] in patients with cancer
Lui et al., Efficacy and safety of omega-3
2023 [4] polyunsaturated fatty acids in adjuvant
treatments for colorectal cancer: a
meta-analysis of randomized
controlled frials
Wang et al., Dietary fish and omega-3
2023 [7"%] polyunsaturated fatty acids intake and
cancer survival: a systematic review
and meta-analysis
Khosharahi The effects of omega-3 fatty acids
etal., 2024 [8] supplementation on inflammatory

factors in cancer patients: a systematic
review and dose-response meta-
analysis of randomized clinical trials

Effects of n-3 polyunsaturated fatty acid
supplementation on appetite: a
systematic review and meta-analysis of
controlled clinical frials

Sasanfar et al.,
2024 [9]

90 studies; n=55940 mixed

chronic disease (no cancer)

19 studies; n=959 (cancer)

19 studies; n=1556 (colorectal
cancer)

12 studies; n=26518 (cancer)
for overall survival

11 studies; n=24 134 (cancer)
for cancer survival

33 studies; n=2068 (cancer)

15 studies; n= 1504 (healthy,
obese, cancer, anxiety and
Alzheimer)

n-3 PUFA supplementation is safe

n-PUFA | circulating IL-6 and TNF-

a levels

ILOS

1TNF-a and IL-6

No impact on CRP, IL-1B,
albumin, BMI, weight, infectious
and noninfectious complication
rates or quality of life

Protective effect of dietary fish
and marine n-3 PUFA
consumption on cancer survival

n-PUFA | circulating IL-6 and TNF-

a levels

n-3 PUFA have no effect on
appetite scores

n-3 PUFA increase the desire to
eat

CRP, C-reactive protein; IL, interleukin; LOS, length of stay; PUFA, polyunsaturated fatty acids; TNF, tumor necrosis factor-alpha.
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[10-13], lung [14-16], colorectal [17], prostate
[18,19,20%] and pancreatic/biliary cancers [21];
acute lymphoblastic leukemia [22,23] (one study,
two publications); and mixed cancer types
[24,25%%,26""] (Table 2). Dose and duration of n-3
PUFA supplementation via capsules varied widely
(Fig. 1) with one study providing n-3 PUFAs for oral
application through a nanoemulgel [27]. One study
provided a high-dose and low-dose n-3 PUFA diet via
fatty fish [13] and another assessed adherence to the
Mediterranean diet [28]. The majority of clinical
studies evaluated the impact of n-3 PUFAs during
active treatment of surgery [12,18,19], chemother-
apy [10,11,13,14,22,23], radiotherapy or immuno-
therapy [15]. These studies confirmed the previously
reported antiinflammation and survival benefits of
n-3 PUFAs, but showed inconsistent results of n-3
PUFAs for pain, infection, complications, and qual-
ity-of-life measures. Inconsistent results among
studies may be related to variations in dose, patient
population and intervention length (Fig. 1). A bio-
logical measure of compliance (i.e. assessment of n-3
PUFAs in blood or other tissue) upon which to
standardize outcome measures would enable an
optimal dose for specific outcomes to be reconciled.

Fourteen additional clinical studies were regis-
tered on clinicaltrials.gov (Table 3). The majority of
these ongoing studies are enrolling patients with
active breast [29,30], esophageal [31], gastrointesti-
nal [32-35], lung [36-38] or mixed [39] cancers.
Three studies are enrolling survivors with prostate
[40] or breast [41,42] cancer. Conventional out-
comes such as nutritional status, treatment toxic-
ities and quality of life are being assessed. Compared
to prior literature, ongoing studies provide n-3
PUFAs in combination with other nutrients pur-
ported as anticancer and anti-inflammatory and
are multimodal interventions including physiother-
apy and counseling. Scaffolding n-3 PUFAs as part of
a multimodal intervention may lead to enhanced
standard of care in oncological practice. Nutritional
intervention studies in cancer survivors fill a gap in
the oncology literature that will inform dietary rec-
ommendations to restore post-therapy nutritional
disruptions.

Large, population-based studies

The UK Biobank provides an additional tool for
evaluating potential protective effects of n-3 PUFAs
on cancer risk in a large number of participants
without the need for costly long-term interventions.
Three published studies in the last 18 months using
the UK Biobank evaluated blood measures of EPA
and DHA as biomarkers of fish (oil) intake. These
three studies revealed a negative association of

1363-1950 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

plasma n-3 PUFA levels with hepatocellular carci-
noma [24] and cancer-related or all-cause and cause-
specific mortality [16,25"].

Experimental studies

Several preclinical in-vitro and in-vivo studies test
whether provision of n-3 PUFAs provided with che-
motherapy increase anticancer activity on specific
tumor types or mitigate chemotherapy toxicities
[20%,43-51]. The combination of these outcomes is
the ultimate goal of oncological therapy. Emerging
in the preclinical literature are studies assessing the
interactions between targeted therapies and n-3
PUFAs. A combination of immunotherapy and n-3
PUFAs enhanced tumor death in esophageal squa-
mous cell carcinoma, Colon-26 (C26) carcinoma
and human osteosarcoma cells. Mechanisms are
linked to induction of ferroptosis, reactive oxygen
species and immune cell infiltration into tumors. To
enhance translatability of these approaches, atten-
tion to doses of EPA and DHA with the appropriate
experimental controls must be considered. More
clinical and experimental studies are expected in
future that explore the synergistic effect of n-3 PUFAs
and immunotherapy or other targeted therapies.

Emerging applications for n-3
polyunsaturated fatty acids in patients with
cancer

Pediatric cancers

Studies of n-3 PUFAs in pediatric cancers are limited.
Podpeskar et al. [52] summarized evidence for n-3
PUFA supplementation in pediatric cancers and
found improvements in nutritional status and a
reduction in toxicities from drugs commonly used
to treat pediatric lymphocytic leukemia. Curative
treatments for pediatric cancers cause long-term,
late toxicities that result in a metabolic syndrome
phenotype long after completion of cancer treat-
ment. Therefore, studies focus on mitigating
changes to body composition and metabolism. Chil-
dren (3-13years old) newly diagnosed with acute
lymphoid leukemia [23] were allocated to daily n-3
PUFAs or a placebo (sunflower oil) supplement in
addition to an oral nutritional supplement for the
first 3months of treatment. Children in the n-3
PUFA group experienced less loss of lean body mass
compared to the placebo group. Compared to the
placebo group, lower levels of triglycerides, VLDL-C,
IL-6 and atherogenic index of plasma (AIP) were
experienced by the n-3 PUFA group though they
had a higher concentration of total cholesterol [22].
This study has been criticized for its small sample
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Table 2. Human studies investigating the impact of n-3 polyunsaturated fatty acids on various outcomes in the oncology setting

Study Sample size, age and
Reference type Population sex (M:F) Treatment Primary outcome Effect of n-3 PUFAs
Chemotherapy
Arsic et al., RCT Postmenopausal n-3 PUFA: n=14 Anthracycline-based Systemic inflammation 1 IL:6 in both groups
2023 [10] breast cancer C:n=15 chemotherapy (plasma cytokines) No difference in anthropometrics
Anthropometrics
Barbosa-Cortez RCT Children with acute n-3 PUFA: n=19 (8:11) Chemotherapy Cardiometabolic factors Small difference in IL-6
etal., 2023 [22] lymphoid C:n=22(10:12) (HPO9 Protocol) (TG, inflammatory | VIDL, TG, AlP
leukemia Age; 3-13 years cytokines, HDL-C) | Total cholesterol
Barbosa-Cortez RCT Children with acute n-3 PUFA: n=19 (8:11) Chemotherapy Body composition | Loss of lean body mass during
etal., 2023 [23] lymphoid C:n=22(10:12) (HPO9 Protocol) first 3 months of treatment
leukemia Age; 3-13 years
Gui et al., RCT Lung cancer n-3 PUFA: n=18:12 Cisplatin singlet or Nutritional status (NRS- 1 Albumin and hemoglobin
2023 [14] C: n=33(20:13), doublet 2002, anthropometrics) | CRP, IL-1, IL-6, I1-8, TNF«
age =62 years chemotherapy and inflammation (CRP,
TNF, 116, IL-8, IL-1, IFN-
V)
Tawfik et al., RCT Breast cancer n-3 PUFA: n=25, Paclitaxel Peripheral neuropathy No effect
2023 [11] C: n=24 (m:f) Paclitaxel-associated acute
Mean age =53 years pain syndrome
Xu etal., RCT Breast cancer Diet infervention: high fish: 6-24 months affer Feasibility; | Depression
2023 [13] survivors n=20: low fish: n=13 treatment for psychoneurological | Fatigue
stage 1-lIA breast symptoms (pain, | Stress
cancer depression, fatigue, 1 Sleep
sleep, stress) Feasibility was demonstrated
LaChance et dl., RCT Prostate cancer EPA: n=21 Preprostatectomy Tumor progression Reduced cancer upgrading
2024 [207] C:n=21 | Fecal Ruminococcaceae and
butyrate levels
Surgery
Khalenberg RCT Estrogen receptor- n-3 PUFA: n=25 Surgery Surgical site healing No difference between groups
etal., positive breast C:n=6 complications and
2023 [12] cancer with infections
obesity
Moussa et al., RCT Prostate cancer EPA: n=65 Presurgery Quality of life (IPSS; EPIC- 1 Urinary function at 12 months
2023 [18] C:n=65 26)
Age 62.5+7.36 years
Savard et al., RCT Prostate cancer EPA: n=65 Presurgery Quadlity of life (depression, No impact
2023 [19] C:n=65 PHQ, FCRI-S, FSI, ISI,

Age 62.5+7.36 years

FACT- Cog v3)
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Table 2 (Continued)

Study Sample size, age and
Reference type Population sex (M:F) Treatment Primary outcome Effect of n-3 PUFAs
Observational
Abe et al., OBS Pancreatic and n=45(28:17) Mixed (FOLFIRINOX Sarcopenia Low EPA levels more prevalent in
2024 [21] biliary cancer Age 37-83 years or gemcitabine/ Overall survival those with sarcopenia and
cisplatin based) shorter survival
Fuller et al., OBS Participants in the ‘High-risk’ colorectal polyp Subset from a prior Oxylipin production 1 18-HETE and 15-HEPE in
2023 [17] English Bowel findings: n=400 intervention study plasma and rectal mucosa
Cancer Screening (325:75), age 55-73 No effect on SPM, resolvin E1 or
Programme at years 15-epi-LXA4.
high risk for colon
cancer
Lui et al., OBS Hepatocellular UK biobank, n=252398 Population-based Incident HCC | Association between plasma n-6
2024 [24] carcinoma and n-3 PUFAs and risk of
incident HCC
O’Keefe et al., OBS UK Biobank UK Biobank + results from Population-based Survival Higher DHA levels were
2024 259 participants FORCE: n=160404 associated with | in all-cause
individuals and 24 342 mortality
deaths during a median | Risk of deaths due to CV
of 14 years of follow-up disease, cancer, and all other
causes
Tanaka et al., OBS Lung cancer Shortterm survivors (<3 Pembrolixumab Survival T Survival in patients with higher
2024 [15] years) (10:2) EPA and DHA in plasma
Long-term survivors (>3
years) (6:2); 70-82
years
Zhang et al., RSP Lung cancer (stage n-3 PUFA: n=52 C: n=151 Not stated Quality of life and | Insomnia, constipation
2024 [16] 1-3) (24:27) symptoms (EORTC-QLQ- TPhysical and emotional function
(26:26) C30; PHQ-9)
Age 58.4+6.2 years
Zhang et al., OBS UK biobank UK Biobank n= 285425 Population-based Survival n-3 PUFA levels associated with |

2024 [26™]

participants

individuals
Age 40-69 years

in all-cause mortality, CV
disease and cancer-related
deaths

DHA, docosahexaenoic acid; EORTC-QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Questionnaire; EPA, eicosapentaenoic acid; EPIC, Expanded Prostate Cancer Index; FACT —
Cog, Functional Assessment of Cancer Therapy — Cognitive Function; FCRI-S, Fear of Cancer Recurrence Inventory- Severity Subscale; FSI, Fatigue Symptoms Inventory; HCC, hepatocellular carcinoma; IL, interleukin;
IPSS, International Prostate Symptom Score; ISI, Insomnia Symptoms Inventory; OBS, observational; PHQ, Patient Health Questionnaire; PUFAs, polyunsaturated fatty acids; RCT, randomized controlled frial; RSP,

retrospective.
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Compliance
Measura

Arsic etal., 2023 [10]|(] &

Barbosa-Corlaz et al., 2023 22, 23)((]

12 weeks

Gui et al.. 2023 [14]|(]
Tawfik at al., 2023 [11]

Xuelal.. 2023 [13]|0]

6 weeks

Moussa et al, 2023 (18| ' o
Savard etal., 2023 [19]

Fulleretal, 2023[17]| @&

12 waeks BmEPA

ODHA
oOOther

12 weeks

1 week pre-paclitaxsl
12 weeks post-paciitaxel

4-10 weeks pre-surgery
1 year post-surgery

1 year

2 3 Ll

Omega-3 fatty acids (gram/day)

Depiction of the n-3 polyunsaturated fatty acid mixture provided as supplements in clinical studies as well as the

duration and the measure of compliance expressed as a self-report (D) or biological measure (‘) Moussa et al., 2023 [18]

and Savard et al., 2023 [19] are secondary analysis studies of the same phase Il double-blind placebo-controlled randomized
trial but report omega-3 fatty acids differently. Data in this figure reflect the original study protocol referenced in Moussa et al.,

2023 [18] and Savard et al., 2023 [19].

size and relatively short duration (3 months) [53], as
well as for the potential confounding effects on lean
body mass by physical activity and medications
(anti-inflammatory and antineoplastic) [54]. Repli-
cation of these promising findings is warranted in
large-scale RCTs in pediatric cancers to determine
safety and efficacy of n-3 PUFAs and potential inter-
actions with cancer therapy in children.

Enhancing efficacy of immunotherapies
and targeted therapies

Immunotherapies and targeted therapies have
emerged as first-line treatment in specific cancer
types. One observational study in the past
18 months assessed the impact of n-3 PUFAs in this
context [15]. In patients with nonsmall cell lung
cancer, undergoing initial pembrolizumab treat-
ment, researchers assessed the plasma EPA/arachi-
donic acid ratio as a marker of inflammatory state, as
diets high in n-6 PUFAs and low in n-3 PUFAs can
lead to a lower EPA/arachidonic acid ratio, indica-
tive of a pro-inflammatory state. Patients who sur-
vived more than 3 years after treatment had higher
serum EPA levels than patients who survived less
than 3 years. Larger, prospective studies would con-
firm whether higher dietary intakes of n-3 PUFA and
a higher EPA/AA ratio improve overall survival in
patients with lung cancer treated with pembrolizu-
mab. Two registered protocols are evaluating immu-
notherapy or targeted therapies in combination
with n-3 PUFAs (Table 3) to assess impact on muscle
mass [36], response rates, quality of life and survival
[38].

6 www.co-clinicalnutrition.com

Modification of oxylipins by n-3
polyunsaturated fatty acid
Oxylipins are bioactive lipid mediators derived from
PUFAs by enzymatic and nonenzymatic reactions.
Past studies have focused on inhibiting cyclooxyge-
nase (COX)-2 or lipoxygenase enzymes to reduce
arachidonic acid metabolites that are linked to
proinflammatory-related effects on tumor progres-
sion. In the recent decade, specialized pro-resolving
lipid mediators (SPMs) derived from EPA and DHA
and, to a lesser extent, arachidonic acid, have gar-
nered attention because they actively resolve
inflammation, repair tissue, and clear immune cells
and cellular debris. Fuller et al. [17] used biological
samples from the Seafood Trial biobank [55] to
explore whether SPMs or upstream oxylipin precur-
sors were associated with patients receiving 2 g EPA
alone and in combination with aspirin (300 mg) for
12months. Levels of plasma and rectal 18-hydrox-
yeicosapentaenoic (18-HEPE), an EPA metabolite,
and 15-hydroxyeicosatetraenoic acid (HETE), an
arachidonic acid metabolite of acetylated COX-2,
were higher in participants receiving oral EPA with
or without aspirin. However, resolvin E1 and 15-epi-
lipoxin A4, SPMs derived from EPA and arachidonic
acid, respectively, were below levels of detection,
showing that the chemopreventative activity of EPA
and aspirin is independent of SPMs. Additionally,
18-HEPE could not predict total colorectal polyp
number in participants receiving EPA alone.

The recent Expert Consensus Report on Lipid
Mediators [56] highlights SPMs as a potential factor
through which EPA and DHA may preserve skeletal

Volume 28 e Number 00 o Month 2024
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Table 3. Studies investigating n-3 polyunsaturated fatty acids in patients with cancer, registered on clinicaltrials.gov

Dose of EPA and

NCT number Study type Population Sample size Treatment DHA Duration Primary outcome Study status
NCT05331807  Open-label Breast cancer  n=88 (actual) Chemotherapy 1) n-3 PUFA (360mg 2 months Nutritional status Completed in May
[29] RCT (Adriamycin + EPA + 240 mg (body weight, 2024, not
Cytoxan) DHA) muscle mass, PG- published yet
2) Vitamin D (50000 SGA), quality of
IU/week) life, TNF-o, CRP
3) n-3 PUFA +
vitamin D
4) No intervention
NCT02538484  Open-label Breast cancer  n=24 (actual) Letrozole (aromatase 1) Fish oil 2.7 g/day® 30 days Aromatase target Completed in 2020,
[30] RCT n=60 (original) inhibitor) 2) Letrozole 2.5 mg/ gene, aromatase not published yet
day level, PGE2
3) Fish oil +
Letrozole
NCT06392971  Quadruple-blinded  Esophageal n=120 Radiotherapy 1) Fish oil 2g/day® 2 months Acute radiation Recruiting
[31] RCT cancer (estimated) 2) Placebo capsules oesophagitis
1g/day
NCT05253716  Open-label Gastric cancer n=696 Total gastrectomy 1) ONS + fish oil 6 months 3-year disease-free Recruiting
[32] RCT (estimated) capsules 3/day® survival
2) Nutritional
counselling)
NCT06047158  Prospective cohort  Gastric cancer  n=200 Radical surgery 1) n-3 PUFA emulsion 5 days Immune function Recruiting
[33] study (estimated) combined with 100 ml/day V¢ (peripheral blood
HIPEC 2) Placebo: no n-3 lymphocyte count,
PUFA IV CRP, albumin,
postoperative
infectious
complications)
NCT04699760  Single-blinded Colorectal n=50 (actual) Chemotherapy 1) ONS + EPA 8 weeks Nutritional status Completed in
[34] RCT cancer 2.2g/day) (body weight) September 2015,
2) ONS not published yet
NCT05404230  Triple-blinded RCT ~ Colon or rectal  n=120 Adjuvant treatment 1) n-3 PUFA (EPA + 8 months Chemotherapy- Recruiting
[35] cancer (estimated) with capecitabine DHA 3 g/day) induced peripheral
+oxaliplatin 2) n-6 PUFA (corn oil neuropathy
2g/day)
NCT04965129  Quadruple-blinded Nonsmall cell ~ n=50 (estimated)  Immunotherapy, 1) n-3 PUFA: EPA 4 months Muscle mass Recruiting
[36] RCT lung cancer chemotherapy and 2100 mg/day +
tyrosine kinase DHA 924 mg/day
inhibitors 2) Olive oil
NCT05955248  Quadruple-blinded Nonsmall cell  n=168 Surgery 1)ONS + 2.1g 10 weeks (4 weeks Walking capacity Recruiting
[37] RCT lung cancer (estimated) EPA+1.32g DHA prior fo surgery, (6MWT)
2)ONS +2.1g 6 weeks
EPA+1.32g DHA postsurgery)

+ structured
exercise + home-
based exercise
3) Placebo
supplement
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Table 3 (Continued)

Dose of EPA and

NCT number Study type Population Sample size Treatment DHA Duration Primary outcome Study status
NCT06356701  Open-label phase ~ Nonsmall cell ~ n=120 Immune checkpoint Supplements: fish oil® 1 year Progression-free Recruiting
[38] | lung cancer) (estimated) inhibitors + + bioactive survival, overall
chemotherapy ingredients® response rate,
quality of life
NCT02294149  Triple-blinded RCT ~ Any cancer n=600 Chemotherapy 1) n-3 PUFA® and 6 months Total neuropathy Completed
[39] (estimated) (platinum and/or vitamin D3, twice score November 2016,
taxane) daily presented at
2) Placebo ASCO 2015
supplement
NCT03753334  Quadruple-blinded  Prostate cancer  n=39 (actual) Not specified 1) EPA 5g/day, 12 months PSA doubling time Active, not recruiting
[40] RCT reoccurrence 2) Sunflower oil 5g/
day
NCT06214598  Triple-blinded RCT  Breast cancer ~ n=90 (estimated) ~ Aromatase inhibitors 1) Anti-inflammatory 4 months Nutritional status Recruiting
[41] survivors diet (blood cell count,
2) Fish oil (600 mg BMI, body
EPA+ 400 mg composition)
DHA+ 351 mg quality of life;
GLA) clinical outcome
3) Placebo capsules (complications,
side effects)
NCT02295059  Quadruple-blinded  Breast cancer ~ n=80 (estimated) ~ Completion of 1) High dose n-3 Up to 12 months Eicosanoids/ Active, not recruiting
[42] RCT survivors surgery, radiation PUFA (EPA + DHA metabolites (PGE,,

therapy and/or
chemotherapy.

5.4g/day)

2) Low-dose n-3 PUFA

(EPA + DHA
0.9 g/day)

PGEj3) in breast
adipose tissue

ASCO, American Society of Clinical Oncology; CRP, C-reactive protein; ERAS, enhanced recovery after surgery; GLA, gamma-linolenic acid; HIPEC, hyperthermic intra peritoneal chemo infusion; IV, intravenous; MWT,

meter walking test; NRS, Nutrition Risk Screening; NSCLC, nonsmall cell lung cancer; PG, prostaglandin; PG-SGA, patient-generated subjective global assessment; PSA, prostate-specific antigen; PUFA, n-3
polyunsaturated fatty acids; RCT, randomized control trial.
“Dose of EPA and DHA not specified.
bAnti-inflammatory diet: rich in whole grains fiber, vegetables, polyphenol-rich fruits, n-3 PUFA-rich foods.
3Bioactive agents: Spirulina Bifidobacterium, Grape Seed, Blueberry, Ganoderma Spore Oil.
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The impact of n-3 PUFA in patients with cancer van der Meij et al.

muscle mass, a known prognostic factor in patients
with cancers. The panel supports intravenous lipid
emulsions that include EPA and DHA in clinical
settings, to expedite delivery to plasma membrane
phospholipid and peripheral tissues for potential
biosynthesis of SPMs.

Targeting the intestinal microbiome

Modulation of the intestinal microbiome with n-3
PUFAs and related bacterial metabolites is well
explored in intestinal cancer but not in cancers dis-
tant from the intestine. In a study that combined
clinical and experimental approaches, researchers
elegantly demonstrated that fecal microbiota trans-
plants from patients with prostate cancer induced
prostate cancer growth in mice [20%]. In the same
publication, supplementation with 3 g/day monogly-
ceride EPA in prostate cancer patients awaiting a
prostatectomy was associated with reduced cancer
upgrading, decreased fecal Ruminococcaceae, a
major butyrate producer, and decreased fecal buty-
rate. Mice supplemented with EPA also had reduced
prostate growth and decreased fecal Ruminococca-
ceae. These results indicate a potential suppression of
cancer growth by n-3 PUFAs through modification of
the intestinal microbiota and resulting metabolites.

Psychological and quality-of-life
assessments

Quality of life is generally evaluated as a secondary
outcome and often includes a single or, at most, a few
basic questions on psychological well being. Given
the anxiety that a cancer diagnosis and its treatment
evokes, and that n-3 PUFAs are important compo-
nents of the central nervous system and brain, n-3
PUFAs are of interest to improve cognition, mood,
and psychological health. An increasing number of
small-scale studies are exploring this topic as a pri-
mary outcome. After randomization to a high and a
low n-3 PUFA diet, breast cancer survivors in the high
n-3 PUFA group reported a significant decrease in
pain, perceived stress, sleep, depression and fatigue
after 6 weeks [13]. In men scheduled for radical pros-
tatectomy, anxiety and depression scores decreased
in participants randomized to EPA or placebo (sun-
flower oil) capsules for 1year compared to baseline
values [19]. No difference in quality of life (Extended
Prostate Cancer Index Composite-26 and Interna-
tional Prostate Symptom Score) between groups
was observed at 3, 6, 9 and 12months after surgery
[18]. In this patient group with low psychosocial
symptoms, the only between-group difference
observed was an improved cognitive impact score
in the placebo group [19]. A retrospective analysis
in lung cancer patients (n=100) explored the effect
of n-3 PUFAs on several well being factors. Half of the

1363-1950 Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved.

group received fish oil capsules and the other half
received usual care for 6 months. The n-3 PUFA group
had higher physical and emotional functioning
scores and lower insomnia and constipation scores
[16]. More well powered RCTs, with a biological
measure of compliance are needed to explore the
effects of n-3 PUFA supplementation on psycholog-
ical well being.

Future studies must be sufficiently powered and of
long enough duration to capture late developing
impacts of cancer treatment. The dose of n-3 PUFAs
should be one that produces measurable change in
the proportion of EPA and DHA in circulation as a
proxy for the tissue of interest during the measure-
ment period. Adherence and reporting of adherence
poses a challenge to interpreting study outcomes
and comparing results across settings. Capsules
appear to evoke better compliance than commer-
cially available oral nutritional supplements, but
actual intake versus prescribed intake are not uni-
versally reported. Additionally, individual response
to n-3 PUFAs may vary because of differences in
baseline n-3 PUFA status, sex, and genetics. Biolog-
ical measures of n-3 PUFA status with or without
patient-reported compliance measures would per-
mit individualized assessment of changes in n-3
PUFA status to enable more confident study inter-
pretation and would help to define a range of effica-
cious dosing towards achieving specific outcomes,
generally thought to be between 2 and 4 g per day
(amount of EPA and DHA in isolation not estab-
lished) under different treatment regimens. In chil-
dren, n-3 PUFAs are dosed based on body size (body
weight in kilograms); however, this approach may
also be feasible in adult populations. For example,
doses based on muscle mass may reduce the varia-
bility of responses seen in past studies. Provision of
parenteral sources of n-3 PUFAs in clinical settings
has potential to rapidly elevate plasma n-3 PUFAs to
levels thought to be efficacious.

Several caveats to studying oncology popula-
tions also exist that will require careful considera-
tion for designing new definitive trials. Early
interventions appear to be key for improving health
and nutrition outcomes. de van der Schueren sug-
gests that there may be specific windows of oppor-
tunity for better patient adherence to nutrition
interventions, and that a sufficient duration is
required to achieve a significant impact (i.e. short
interventions are less effective) [57]. Capitalizing on
this window for timing of a nutrition intervention
should be considered when designing studies.
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Lipid metabolism and therapy

Effective symptom management is another key to
success of any nutritional intervention and should
be a component of standard of care at all centers.
Stratifying by inflammatory status may reduce var-
iability of response between patients. Nutritional
intervention studies, including many reviewed here,
are often inadequately powered. The sex ratio does
not always reflect the prevalence of the specific
cancer type. Exploring the endpoints that matter
most to patients has not been addressed. Involve-
ment of patient perspectives from initial to final
steps of research leads to outcomes that are more
meaningful to people with cancer. Addressing these
limitations in future studies will inform for which
patients n-3 PUFAs may be recommended.

Interventions with long-chain n-3 PUFAs in the
oncology setting remain of intense interest. Clinical
studies, albeit with limitations, reveal that n-3
PUFAs may benefit patients with cancers by low-
ering toxicity, maintaining physical function and
nutritional status, controlling tumor growth, and
improving tumor responses, and quality of life.
Large-scale, population-based studies have yielded
evidence for a protective effect of n-3 PUFAs on
cancer survival. Promising upcoming mechanistic
studies include those exploring the production of
lipid mediators derived from n-3 PUFAs, the micro-
biome and mechanisms of n-3 PUFA effects during
immunotherapy. Publications expected in the next
18 months will provide information on n-3 PUFA
recommendations for cancer survivors and poten-
tially enable appropriate recommendations for n-3
PUFA intakes for people with cancer.
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