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It is suggested that long chain n-3 polyunsaturated fatty acids (PUFA) play a promising role as an 17 
adjuvant to oncologic treatments. Therefore, we aimed to explore the impact of PUFA 18 
supplementation on improving treatment efficacy, disease-free survival (DFS), progression-free 19 
survival (PFS) and overall survival (OS). A systematic review of published literature was conducted 20 
on PubMed. Experimental and observational human studies were selected and some studies were 21 
added trough manual research of previous quoted bibliography. Sixteen studies conducted in 22 
cancer patients (breast, colorectal, stomach, pancreatic, lung or leukaemia/lymphoma) were 23 
included. Seven studies showed positive clinical outcomes, i.e. weight stabilisation and/or gain of 24 
lost weight, improved nutritional status, increased energy-protein intake and improved quality of 25 
life (QoL). Also, eight studies, showed improved, time to progression, DFS, PFS, and OS. 26 
Additionally, one study revealed a higher treatment tolerance and increased 1-year-OS. In 27 
conclusion, n-3 PUFAs intake, improved clinical outcomes, QoL, treatment efficacy and survival in 28 
patients with breast, colorectal, stomach, pancreatic and lung cancer or leukaemia/lymphoma. The 29 
extraordinary potential of n-3 PUFAs as an adjuvant therapy in oncology, demands more research 30 
in order to clarify ideal dosage, intervention timing and duration, as well as the most appropriate 31 
route of administration. 32 

 33 
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 35 

1. Introduction 36 

Cancer is among the leading causes of morbidity and is the second leading cause of death 37 
mortality worldwide and the number of new cases is expected to rise significantly over the next 38 
decade[1]. In 2018 the estimated number of new cases of cancer, worldwide, in both sexes and all 39 
ages was 18 078 957 and cancer was responsible for an estimated 9 555 027 deaths[2]. 40 

Despite major advances in cancer therapy, cancer treatment still faces challenges, among other 41 
things, due to its non-selectivity and severe side effects [3]. Cancer therapies’ side effects can seriously 42 
affect physical and emotional health, quality of life and constitute a challenge to treatment tolerability 43 
and adherence, witch consequently may jeopardise treatment outcome and efficacy.  44 
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Nutrition is a key factor in oncology and throughout the whole course of cancer treatment. It can 45 
play a determinant role managing cancer related symptoms and reduce adverse side effects 46 
associated with anti-neoplastic treatment(s), probably affecting the fulfilment of treatment.  47 

On top of that, nutrition It can influence the development of the disease and has the potential to 48 
enhance treatment efficacy and recovery and improve prognosis [4]. 49 

Besides having a wide range of physiological roles linked to certain health or clinical benefits, 50 
long chain n-3 polyunsaturated fatty acids (PUFA), eicosapentaenoic acid (EPA 20:5n-3) and 51 
docosahexaenoic acid (DHA 22:6n-3), have shown their ability of protecting against a number of 52 
conditions and may even be used as a treatment [5].  53 

EPA and DHA are synthesise from α-linolenic acid through a process of series of desaturation 54 
and elongation reactions. Humans have limited ability to synthesise EPA and DHA from α-linolenic 55 
acid, which is found in seed oils[5], and thus must be obtained from dietary sources or 56 
supplementation. Fish, in particularly oily fish like mackerel, herring, salmon, tuna, and sardines, 57 
lean fish liver (e.g. cod liver), and other sea foods are the best sources of long chain n-3 58 
polyunsaturated fatty acids[5]. 59 

Due to their ample biological effect, n-3 PUFA are commonly employed in the nutritional 60 
therapy of cancer patients, mainly as an adjunctive treatment [6].  61 

 62 
It is suggested that dietary intake of EPA and DHA can play an interesting role in the disease 63 

management by favourably modulate treatment responses and likely improving therapeutic outcome 64 
and therefore be a potentially useful adjuvant for antineoplastic therapy. It is recommended that, at 65 
least, 2 g/day are required for clinical benefit on nutrition-related endpoints. When supplemented, 66 
fish oil (4 - 6 g/day) and long-chain n-3 fatty acids (1 -2 g/day) are mostly well-tolerated[1].   67 

There are multiple proposed molecular mechanisms whereby n-3 PUFA can show their 68 
potentially antineoplastic activity and inhibit the promotion and progression stages of 69 
carcinogenesis, namely anti-inflammatory, anti-proliferative, pro-apoptotic, anti-invasion, anti-70 
metastatic and epigenetic regulation [7-10].  71 

Also, in vitro and in vivo studies in tumor-bearing animals and in different human cancer cell 72 
line indicate that n-3 PUFA can increase tumor cells sensitivity to conventional therapies, like 73 
chemotherapy and radiation therapy[11]. Furthermore, it was recently demonstrated that EPA can 74 
activate host antitumor immunity by inhibiting tumor IDO expression, suggesting that EPA can be 75 
enormous potential for cancer immunotherapy [12]. 76 

As a result of the lipophilic nature, n-3 PUFA are promptly incorporated into the lipid bilayer of 77 
cells disrupting the membrane structure and fluidity of active cells, and thus likely to influences the 78 
chemosensitivity, especially for tumor cells [3]. Moreover, it is suggested that EPA and DHA can alter 79 
cytotoxicity and/or activity of a variety of anticancer drugs to human cancer cell lines used as models 80 
for breast (hormone sensitive and insensitive), prostate (hormone sensitive and insensitive), colon, 81 
lung, cervical, ovarian, gastric, bladder cancers, neuroblastomas, leukaemia, or lymphomas. [13]. 82 
Specifically, EPA and DHA seem to have de ability to enhance the effect of drugs used in cancer 83 
treatment, like doxorubici, epirubicin, 5-fluorouraci, mitomycin C, arabinosylcytosine, tamoxifen, 84 
and irinotecan/CPT-11[11].   85 

Thus improving treatment efficacy against some types of tumors, especially those otherwise 86 
resistant to treatments and enhancing the uptake of anti-cancer drugs both by drug-sensitive and 87 
drug-resistant tumor cells [9,10,14,15]. 88 

Interestingly, besides selectively inducing apoptosis of tumor cells, including those that are 89 
resistant to treatment, with little or no cytotoxic effect on healthy cells [9,14,16], EPA and most 90 
specially DHA in combination with anticancer agents, have showed an optimistic behaviour in 91 
enhancing curative effects, reducing side effects, and tumor-targeting abilities in preclinical 92 
studies[3]. 93 

In addition, n-3 PUFA supplementation can ameliorate some of the secondary treatment 94 
complications and related side effects, such as cachexia [11,15]. As a matter of fact, in cancer therapy 95 
PUFA are used to suppress cancer-associated cachexia and to improve patients’ quality of life[17]. It 96 
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is recommended the use of n-3 PUFA supplementation in patients with advanced cancer undergoing 97 
chemotherapy, in order to stabilize or improve appetite, food intake, lean body mass and body weight 98 
in cases of risk of weight loss or malnourished[1].  99 
 100 

Considering the wide range of potential benefits of n-3 PUFA as a cancer therapy adjuvant, we 101 
aimed to explore the promising role of n-3 PUFA supplementation on improving treatment efficacy, 102 
disease-free survival, progression-free survival and overall survival.  103 

 2. Materials and Methods  104 

In order to review the role of n-3 fatty acids on improving treatment efficacy and survival in 105 
cancer, a systematic review of published literature was conducted on PubMed, in May 2020, using 106 
the key-words “cancer” AND “survival” AND “omega 3” AND “fatty acids” AND “chemotherapy”.  107 

The search was conducted without restriction on publishing year or language, resulting on 231 108 
records found. However, after limiting the search to human subjects and type of study: experimental 109 
and observational studies, 41 records were identified. 110 

As for inclusion criteria, the screening records were selected if the studies were conducted in 111 
adult cancer patients who received EPA and/or DHA supplements or who’s levels of n-3 PUFA intake 112 
throw diet was assessed, in order to analyze the effects of n-3 PUFA on cancer treatment outcomes. 113 

Studies were excluded if n-3 PUFA supplements were used to assess the EPA and/or DHA role 114 
on cancer risk or prevention, cachexia treatment or if taken in combination with other 115 
immunonutrients or drugs. 116 

Also, some studies were identified and added trough manual research of previous quoted 117 
bibliography.  118 

3. Results 119 

The 16 studies included in this review (Figure 1) were conducted in patients with breast, 120 
colorectal, stomach, pancreatic and lung cancer and leukaemia/lymphoma (Table 1).  121 

Figure 1. PRISMA flow diagram of the studies included in the review  122 
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While one studied was carried on breast cancer survivors and another studied was developed 123 
with colorectal with liver metastasis patients undergoing a liver resection, the other 13 studies were 124 
conducted in cancer patients undergoing chemotherapy. 125 

In most of the studies, 12, cancer patients received EPA and/or DHA supplementation, trough 126 
oral nutrition supplements like capsules or fish oil, except in 2 studies where pancreatic cancer 127 
patients received a lipid emulsion. Whereas on 2 studies, the high levels of EPA and/or DHA assessed 128 
were obtained through diet intake. 129 
 130 

Table 1. Characteristics of the studies  131 

Author Cancer Treatment  n-3 PUFA Type Placebo Outcome 

Patterson 

et al. 

(2011)[18] 

Breast 

(Survivors) 
- - 

Dietary 

Intake  
- 

↓ Recurrence, 

↑ Overall 

Survival 

Bougnoux 

et al. 

(2009)[19] 

Breast  

(with visceral 

metastases) 

CT: 

Cyclophosphamide, 

5-Fluorouracil, 

Epirubicin 

1,8g 

DHA/d/5m 
ONS X 

 ↑ Time to 

progression, 

↑ Overall 

Survival 

Ghoreishi 

Z et al. 

(2012)[20] 

Breast 
CT: Paclitaxel 

75 mg/m2 

0,2g EPA + 

1,0g 

DHA/d/16w 

ONS 
Sunflower 

Oil 

↓Treatment 

toxicity    

Darwito et 

al. 

(2019)[21] 

Breast 

 

CT: 

Cyclophosphamide 

+ Doxorubicin + 5-

Fluorouracil (CAF)   

 

 1 g/d ONS 
Not 

specified 

↑ Overall 

Survival, 

↑Disease-free 

survival 

Trabal 

et al. 

(2010)[22] 

Colorectal 

CT: 5-Fluorouracil + 

Oxaliplatin + Folinic 

acid or Capecitabin 

2g 

EPA + 0,9g 

DHA/d/12w 

ONS X 

↑ Body weight, 

↑ QoL, 

No treatment 

interruptions 

due to toxicity* 

Mocellin et 

al. 

(2013)[23] 

Colorectal 

CT: Xeloda. 

Oxaliplatin, 5-

Fluorouracil/ 

Leucovorin 

0,4g EPA + 

0,2g 

DHA/d/9w 

ONS X 

 

↓ CRP and CRP/ 

albumin,  

Weight 

Maintenance* 

Van 

Blarigan et 

al. 

(2019)[24] 

Colorectal CT - Diet - 
↑ Progression-

Free Survival 

Cockbain 

et al. 

(2014)[25] 

Colorectal 

Liver 

Metastasis  

Liver resection 

surgery 

2g 

EPA/d/4w 
ONS 

Capric and 

caprylic 

acid 

↑ Overall 

Survival, 

↑ Progression-

Free Survival, 
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Bonatto et 

al. 

(2012)[26]  

Stomach 
CT: 5-Fluorouracil, 

Leucovorin 

0,3g EPA + 

0,4g 

DHA/d/8w 

ONS X 

↑ weight 

↑ blood 

polymorph 

nuclear cells 

Arshad 

et al.  

(2013)[27] 

Pancreatic CT:Gemcitabine  200 mg/mL 
Lipid 

emulsion 
X 

↑ Overall 

Survival, 

↑Progression-

Free Survival,  

 

Arshad 

et al.  

(2015)[28] 

Pancreatic CT: Gemcitabine 200 mg/mL 
Lipid 

emulsion 
X 

↑Progression-

Free Survival,  

↑ QoL 

Murphy 

et al. 

(2011)[29] 

NSCLC 

CT: Carboplatin + 

vinorelbine or 

gemcitabine 

2,2 g EPA + 

0,2g or 0,5g 

DHA/d/10w 

ONS or 

Fish Oil 
X 

↑ Response rates 

and clinical 

benefit 

↑ 1-year survival 

Sánchez-

Lara et al. 

(2014)[30] 

NSCLC 
CT: Paclitaxel + 

cisplatin/carboplatin 

2,2g EPA + 

1g DHA 

/d/8w 

ONS X 

↑ Energy + 

protein intake 

↑FFM 

↓ fatigue, loss of 

appetite  

↓ neuropathy 

 

 

Finocchiaro 

et al. 

(2012)[31] 

NSCLC 
CT: Cisplatin + 

Gemcitabine 

2g EPA + 

1,4 g 

DHA/d/66d 

ONS Olive Oil 
↑ Weight 

↓CRP, ↓ IL6 

van der 

Meij et al. 

(2010)[32] 

NSCLC 

Chemoradiation 

Cisplatin/ Docetaxel 

+ Bevacizumab 

2g EPA + 

0,9g 

DHA/d/5w 

P/E 

dense 

ONS 

Isocaloric 

Control 

Supplement 

↑ Energy Intake 

Weight and FFM 

maintenance   

Chagas et 

al. 

(2017)[33] 

Leukaemia/ 

Lymphoma 
CT 

367 mg EPA 

+ 243 mg 

DHA/d/9w 

ONS X 

↑ Overall 

survival 

↑ Number of CT 

cycles 

 

Legend: CT – Chemotherapy; d – days; w- weeks; m – months, EPA – eicosapentaenoic acid; DHA – 132 
docosahexaenoic cacid; ONS – oral nutritional supplement; QoL – Quality of life; PMNC - peripheral blood 133 

mononuclear cell; FFM – Fat Free Mass NSCLC – Non Small Cell Lung Carcinoma; P/E – Protein/Energy; CRP 134 
– C Reactive Protein; CT – Chemotherapy; *Not statistically significant 135 
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3.1. Breast Cancer 136 

Globally, female breast cancer is the second most diagnosed cancer. Among women is the most 137 
commonly diagnosed and the leading cause of cancer death.[2] 138 

EPA and DHA role in breast cancer is widely studied,  139 
One reason for this observation may be enhancement of at least some types of chemotherapeutic 140 

cytotoxicity, which has been reported for concomitant administration of DHA with 141 
anthracyclines.[34] 142 

Furthermore, DHA showed a tumour-specific chemosensitiser activity in a phase II trial by 143 
substantially increasing survival in metastatic breast cancer patients, undergoing anthracycline and 144 
receiving. DHA capsules supplementation (1,8 g DHA/day/5 months).  145 

Regarding treatment side effects, disabling and dose-limiting peripheral neuropathy, due to 146 
chemotherapy with paclitaxel, decreases the patients QoL and sometimes may force to change or 147 
even end the treatment. However, ω -3 PUFA (0,2 g EPA + 1 g DHA/day/16 weeks) seem to play a 148 
promising and effective role in reducing the incidence and severity of peripheral neuropathy.[20] 149 

On these review we found 4 studies where EPA and DHA played a very interesting role on the 150 
treatment outcome of breast cancer patients.  151 

EPA and DHA dietary intake, from food and supplements (the use of fish oil supplements was 152 
low, generally <5%) was associated with longer disease-free survival and overall survival in breast 153 
cancer survivors from the Women's Healthy Eating and Living (WHEL) Study. Also, women with 154 
higher intakes of EPA and DHA, from food, had an approximate 25% reduced risk of additional 155 
breast cancer events and had a dose-dependent reduced risk of all-cause mortality[18]. 156 

Even though supplementation of 1,8g DHA/day was well tolerated, with no adverse side effects 157 
and global compliance was 90%, there was a wide inter-individual disparity in DHA incorporation 158 
in plasma phospholipids in a phase II trial conducted in 25 breast cancer patients with rapidly 159 
progressing visceral metastases receiving an anthracycline-based chemotherapy. High incorporation 160 
of DHA into circulating phospholipids showed a tumour-specific chemosensitiser,  displaying a 161 
potentially improvement in patients’ treatment outcome associated with a significantly higher tme to 162 
progression and an almost doubled overall survival [19]. 163 

Also, a double blind placebo controlled trial showed the efficacy of n-3 PUFA supplementation, 164 
mainly DHA, as a prophylactic agent against chemotherapy induced neurotoxicity with paclitaxel, 165 
which could eventually lead to a reduction in patients’ quality of life and in some cases force the 166 
oncologist to change or even end the treatment. This trial was conducted in 57 female breast cancer 167 
patients and significant difference were observed between the n-3 PUFA supplemented group and 168 
the placebo group, with the supplemented group showing a 70% lower risk of peripheral neuropathy 169 
incidence. [20]. 170 

More recently, a double-blind randomized control trial with 48 patients with locally advanced 171 
breast cancer treated with CAF neoadjuvant chemotherapy and mastectomy showed a significantly 172 
higher overall survival and progression-free survival in patients receiving a supplementation of 1 173 
g/day of n-3 PUFA in form of an oil-fish capsule[21].  174 

3.2. Colorectal carcinoma (CRC) 175 

Globally, CRC is the third most commonly diagnosed cancer in males and the second in females, 176 
with 1,8 million new cases and almost 861 000 deaths in 2018[2]. 177 

The majority of evidence linking anti-CRC activity with n-3 PUFA has focussed on decreased 178 
CRC risk. However, more recently, preclinical data and human observational studies have begun to 179 
make the case for adjuvant treatment of advanced CRC. 180 

Also, some studies show results that support need for more research regarding the potential use 181 
of n-3 PUFA as adjuvant in CRC therapy, due to different anticancer mechanisms of action in CRC 182 
cells in vitro and in vivo, without toxic effects [7,35].  183 

The potential positive intervention of EPA ONS (1,6g EPA/day) plus dietary counselling, on 184 
chemotherapy tolerability in patients with advanced CRC was described in a small randomized 185 
control trial with 11 stage IV CRC patients under a chemotherapy regimen. Even thought, limited by 186 
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the small sample size, patients in the supplemented group significantly increased their weight and 187 
showed better scores in important domains of HR-QoL, compared to controls. Also, although not 188 
statistically significant, the supplemented group did not experience interruptions in their 189 
chemotherapy treatment compared to the control group, with more interruptions due to toxicity[22].  190 

Another small randomized prospective controlled clinical trial with 11 patients with CRC 191 
undergoing chemotherapy showed, although not statistically significant, a preventing effect of n-3 192 
PUFFA supplementation with fish oil capsules (0,4g EPA + 0,2g DHA/day), on weight loss, associated 193 
with disease progression and chemotherapy. Furthermore, there was a significant reduction in the 194 
production of CRP/Alb ratio in the supplemented group, pointing to an important decrease in the 195 
risk of inflammatory and nutritional complications during treatment[23]. 196 

Taking into account preclinical data suggesting that marine n-3 PUFA could inhibit the 197 
progression of CRC and in vitro studies that showed that it may improve chemotherapy efficacy in 198 
human CRC, a recently a prospective study with 1011 colon cancer patients, analysed the effects of 199 
n-3 PUFA dietary intake and described that individuals with a higher intake n-3 PUFAs had longer 200 
disease-free survival, compared to patients in lowest quartile of n-3 PUFA intake. Also, patients who 201 
consumed dark fish once a week had a 35% lower risk of cancer recurrence or death compared with 202 
those who consumed none [24]. 203 

Furthermore, a phase II double-blind, randomised, placebo-controlled trial conducted in 204 
patients with metastatic CRC, considered EPA supplementation (2g/day) safe and well-tolerated 205 
regarding patients scheduled for liver resection. EPA was well incorporated into CRC liver metastasis 206 
tissue and these patients showed a reduced tumour vascularity and benefited from prolonged 207 
postoperative overall and disease-free survival, compared with placebo[25]. 208 

3.3. Stomach Cancer 209 

Stomach cancer is the fifth most commonly diagnosed cancer in both sexes. In males is the fourth 210 
main diagnosed cancer and the third leading cause of cancer mortality[2].  211 

In order to investigate if supplementation with n-3 PUFA, in cancer patients receiving post-212 
surgical tumor (mainly gastrointestinal) removal chemotherapy is able to improve the function of 213 
blood neutrophils, a randomized trial was conducted in 38 patients over 8 weeks. Patients in the 214 
control group lost an average of 2,5 kg of weight and the number of blood polymorph nuclear cells 215 
(PMNC), mainly neutrophils, and their functions (phagocytosis and hydrogen peroxide production) 216 
decreased approximately 30, 45 and 17%, respectively). On the other hand, the group receiving 2 g of 217 
fish oil with 0,3 g EPA and 0,4 g DHA/day increased body weight), PMNC number (29% increase), 218 
phagocytosis (14% increase) and superoxide production (28% increase). This maintenance of function 219 
could be important in preventing infections during this fragile time and could help to prevent tumor 220 
regrowth [26].  221 

3.4. Pancreatic Cancer 222 

Pancreatic cancer is one of the most fatal human cancers [36] and is a rapidly progressive disease 223 
with a poor outcome. There for, improving the efficacy of gemcitabine (considered the standard 224 
chemotherapeutic agent in the treatment of pancreatic cancer) and new preventive and therapeutic 225 
strategies are needed for improving its therapeutic outcomes [37-38]. 226 

In pancreatic cancer, the use of n-3 PUFAs could be a potential interesting chemotherapeutic 227 
strategy and an anticancer treatment adjuvant. Studies showed that both EPA and DHA have 228 
beneficial effects on pancreatic adenocarcinoma cell lines in vitro [35] and in vivo [36] resulting in a 229 
potential useful strategy to increase the therapeutic effectiveness in pancreatic cancer [37]. 230 

32 patients with advanced pancreatic cancer were enrolled in a single-arm phase II clinical trial, 231 
treated with gemcitabine (1000 mg/m3 weekly) immediately followed by intravenous n-3 PUFA-rich 232 
lipid emulsion) for 3 weeks followed by a rest week. Its seems that n-3 PUFA supplementation lead 233 
to a high expressors of IL-6 and IL-8 which result in a significantly shorter median overall survival, 234 
compared to low expressors. In addition, high expressors of IL-8 had significantly shorter 235 
progression-free survival than low expressors [27]. 236 
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Additionally, a similar single-arm phase II trial, carried on 35 pancreatic cancer patients 237 
undergoing gemcitabine immediately followed by intravenous n-3 PUFA-rich lipid emulsion 238 
treatment described a safe and feasible use of n-3 PUFFA with an increase in global health of > 10% 239 
over baseline in 47,2% of patients and more than 50% of patients had > 10% increase in QoL scores in 240 
generic symptom scores and both disease-specific domains. It was suggested a progression-free 241 
survival improvement, which is almost certainly a reflection of the improved stable disease rate [28]. 242 

3.5. Non-small cell lung cancer 243 

Worldwide, lung cancer remains the leading cause of cancer incidence and mortality, with 2.1 244 
million new lung cancer cases and 1.8 million deaths predicted in 2018[2]. Current treatment of 245 
advanced non-small cell lung cancer (NSCLC) is non-specific and toxic, typically consisting of 246 
platinum-based regimens such as carboplatin in combination with vinorelbine or gemcitabine. 247 

A phase II non randomized trial conducted on 46 patients diagnosed with stage IIIB or IV 248 
NSCLC under platinum-based chemotherapy, showed that daily supplementation with n-3 PUFA 249 
gelatine capsules (2,2g EPA + 0,2g DHA) or liquid fish oil (2,2g EPA + 0,5g DHA) for 10 weeks was 250 
well tolerated and resulted in increased chemotherapy efficacy without affecting the toxicity profile.  251 
Compared with the stander of care group, patients receiving n-3 PUFA supplementation showed a 252 
greater response rate and greater clinical benefit, as a result, more patients completed all planned 253 
chemotherapy and the one-year survival tended to be greater in these patients [29]. 254 

Also, a daily supplementation of 2,2g EPA and 1g DHA seems to improve nutritional status 255 
(weight maintenance and FFM increase), as well as energy and protein intake, while decreases 256 
fatigue, loss of appetite and neuropathy in advanced NSCLC patients, undergoing chemotherapy. 257 
Contrarily to the control group that also experienced a significant increase in nausea and vomiting. 258 
Nevertheless, these randomised trial conducted in 84 patients did not establish a difference in 259 
response rate or overall survival between the groups[30]. 260 

A randomised double-blind study conducted on 33 patients with advance non-operable NSCLC, 261 
going through chemotherapy treatment, corroborate a good n-3 PUFA oral nutritional 262 
supplementation compliance and a positive effect of EPA and DHA on increasing body weight and 263 
reducing inflammatory indexes and in oxidative status [31]. 264 

In a double-blind study, 42 patients with stage III NSCLC subject to chemoradiation therapy, 265 
were randomly assigned to receive a protein-energy dense oral nutritional supplement containing 2g 266 
EPA and 0,9gDHA/day or an isocaloric control supplement. A better weight and FFM maintenance 267 
and was associated with the protein-energy dense ONS enriched with n3-PUFA[32]. 268 

3.6. Haematological malignancies 269 

In vitro and review studies have concluded that EPA and DHA can induce apoptosis in 270 
leukaemic cell lineages.[33] 271 

22 patients with haematological malignancies participated in a randomised trial, showing that 272 
ingesting gelatine capsules with 2 g/day of fish oil for 9 weeks, during chemotherapy treatment, 273 
allowed patients to undertake a greater number of chemotherapy cycles and improved overall 274 
survival in patients with leukaemia or lymphoma [33] . 275 

4. Discussion 276 

Several clinical trials showed the potential adjuvant role of n-3 PUFA on cancer therapy in 277 
patients with breast, colorectal, stomach, pancreatic and non-small cell lung cancer and 278 
haematological malignancies. High levels of EPA and/or DHA from diet intake, oral nutrition 279 
supplementation or intravenous lipid emulsion seem to have a positive effect on treatment 280 
tolerability and chemotherapy toxicity and improve cancer treatments outcomes, with little to no side 281 
effects to healthy cells. 282 

N-3 PUFA supplementation, with in the recommended dosage (approximately 2g/day) is safe, 283 
and it seems to have a good compliance and no significant adverse side effects. 284 
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In breast cancer patients n-3 PUFA played an important role in reducing recurrence and 285 
improving time to progression, disease free survival and overall survival. Also, although, outcomes 286 
like longer disease-free survival weren’t analysed, a prophylaxis effect against peripheral neuropathy 287 
was described in a study with breast cancer patients. 288 

Additionally, some studies conducted in colorectal patients showed an improved progression-289 
free survival and overall survival, with other studies suggesting better clinical outcomes and 290 
however, not statistically significant a better treatment adherence with no treatment interruption due 291 
to adverse treatment side effects. 292 

Equally, n-3 PUFA also improved progression-free survival, overall survival and QoL in 293 
pancreatic cancer patients. 294 

The positive effect on clinical outcomes was, as well, described in several studies with NSCLC 295 
patients. Particularly, one study reported and an increased 1-year overall survival.  296 

Haematological malignancies patients exhibited the ability to undertake more chemotherapy 297 
cycles and a longer overall survival. 298 

One study in performed in stomach cancer patients revealed better clinical outcomes and 299 
suggested a preventing role of n-3 PUFA regarding de reduction of chemotherapy-induced 300 
neutrophil number and function, outlining another potential use of n-3 PUFA and the need for more 301 
investigation. 302 

The most common beneficial effects on clinical outcomes were weight and fat free mass 303 
maintenance and/or gain of lost weight, improved nutritional status, increased energy-protein intake, 304 
less loss of appetite and fatigue and improved QoL. These outcomes were described in seven studies, 305 
conducted in patients with colorectal, stomach, pancreatic, lung or leukaemia/lymphoma, under 306 
chemotherapy. 307 

 In conclusion, in order to better benefit from the enormous potential of n-3 PUFA adjuvant role 308 
in cancer therapy, further investigation and larger randomize clinical trials are needed in order to 309 
better understand how n-3 PUFA supplementation can be used to improved treatment efficacy and 310 
patient survival regarding different types of cancer, stages, treatment, type of supplementation, 311 
mechanisms of action, optimal dosage, timing and duration, good compliance, supplementation 312 
bioavailability and high cell incorporation ability. 313 
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