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Abstract
Current studies on inhibitory effects of n-3 PUFA on pro-inflammatory cytokines have inconsistent results. Thus, a meta-analysis of randomised
controlled trials was conducted to identify the effects of n-3 PUFA administration on circulating IL-6 and TNF in patients with cancer. Studies that
examined the effects of n-3 PUFA administration on circulating IL-6 and TNF in patients with cancer were identified by searching PubMed and
EMBASE from January 1975 to February 2021. Differences in n-3 PUFA administration and control conditions were determined by calculating
standardisedmean differences (SMD)with 95 % CI. Twenty studies involving 971 patients met the inclusion criteria. The overall SMDwere 0·485
(95 % CI 0·087, 0·883) for IL-6 and 0·712 (95 % CI 0·461, 0·962) for TNF between n-3 PUFA administration and control conditions. Sources of
heterogeneity were not found through subgroup and meta-regression analyses. Publication bias was observed in TNF with a slight contribution
to the effect size. n-3 PUFA can reduce circulating IL-6 and TNF levels in patients with cancer. Results supported the recommendation of n-3
PUFA as adjuvant therapy for patients with cancer, possibly excluding head and neck cancer, owing to their anti-inflammatory properties.
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Increasing evidence on the role of inflammation in carcinogen-
esis and cancer development(1–4) has led to the proposition that
treatments targeting deregulated inflammatory responses can be
used as alternative strategies for cancer prevention and
therapy(3–5). Within this perspective, n-3 PUFA, as essential
nutrients for normal metabolism, have attracted considerable
interest in cancer-preventive and anticancer effects due to their
potential role in suppressing and resolving inflammation(6–10).
Indeed, the use of n-3 PUFA for patients with cancer has been
recommended by the European Society for Parenteral and
Enteral Nutrition to patients with cancer, although the evidence
is weak(11).

n-3 PUFA exert effects against various inflammatory conditions
or disorders, including cancer(6–10,12). However, inconsistencies
regarding the inhibitory effects of n-3 PUFA on systemic inflam-
mation in patients with cancer have been found in the literature,
weakening the potential use of n-3 PUFA in cancer prevention

and treatment. Numerous inflammatory cytokines directly con-
tribute to carcinogenesis, and most of them are largely confined
to experimental research and have limited significance in clinical
practice(2,3,13,14). Among them, IL-6 and TNF are the most exten-
sively studied inflammatory cytokines in clinical studies to identify
associations between systemic inflammation and cancer.
However, findings on the evolution of circulating IL-6 and TNF
levels after n-3 PUFA use in patients with cancer are inconsistent,
including those of meta-analyses(15–20). In view of the increasing
benefits to cancer treatment, only mild side effects and no con-
vincingly serious safety issues, determining the effects of n-3
PUFA administration on IL-6 and TNF levels in cancer patients
has clinical importance(9).

Previous meta-analyses focused on digestive system cancer
and included a small number of studies (two to seven per analy-
sis) and sample size (only eighty-six patients in some
studies)(15–20). Thus, they are prone to selection and information
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bias. Moreover, the potential effects of relevant variables on IL-6
and TNF levels cannot be quantitatively identified by subgroup
and meta-regression analyses because of the limited number of
included studies. Since the publication of previous meta-analy-
ses, several high-quality randomised controlled trials (RCT) have
been conducted to explore the effects of n-3 PUFA on IL-6 and
TNF levels but did not yield consistent results. Thus, a meta-
analysis of RCT was conducted for the evaluation of the effects
of n-3 PUFA administration on circulating IL-6 and TNF levels in
patients with various types of cancer and potential impact of rel-
evant variables, with particular concern to the optimal patients
and regimens for which n-3 PUFA administration may be highly
beneficial.

Methods and materials

This meta-analysis followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement(21).

Literature search and selection

The PubMed and EMBASE were searched for RCT published
from January 1975 to February 2021 and updated in
September 2021. The search was limited to RCT that enrolled
adult humans and had no language restrictions. The following
search terms were included, with combined free text and subject
terms: ‘inflammation’ or ‘inflammatory;’ ‘interleukin-6’ or ‘IL-6;’
‘tumor necrosis factor or ‘TNF;’ ‘fatty acids’ or ‘alpha-linoleic acid
(ALA)’ or ‘eicosapentaenoic acid (EPA)’ or ‘docosahexaenoic
acid (DHA);’ and ‘cancer’ or ‘carcinoma’ or ‘neoplasm’ or ‘tumor’
or ‘tumour’ or ‘malignancy’. The reference lists of relevant pub-
lications were manually searched for additional studies.

The search followed the Patient, Intervention, Comparison,
Outcome (PICO) strategy: (1) patient (P): patients with diag-
nosed cancer based on acceptable criteria; (2) intervention (I):
n-3 PUFA administration (regardless of type and dose); (3) com-
parison (C): non-n-3 PUFA administration or placebo; and (4)
outcome (O): circulating IL-6 and TNF levels.

If multiple studies reported outcomes on the same patient
group, the one with the largest sample size was included.
Abstracts, case reports, editorials, expert opinions, letters, animal
studies and reviews without original data were excluded.

Data extraction and quality assessment

Two investigators independently extracted information from all
eligible studies according to a standardised protocol.
Disagreements were resolved through consensus with a third
investigator. Data extracted from each study included the name
of the first author, year of publication, nation, study design, sam-
ple size, patient inclusion criteria, cancer site, inflammatory
markers, intervention, therapy duration, primary concurrent
treatment, patient’s age and BMI. When only standard errors
instead of standard deviations were provided in the study, stan-
dard deviation was calculated by multiplying the standard error
by the square root of the sample size. In addition, some studies
provided medians and ranges instead of means and standard
deviation; the corresponding means and standard deviation
were calculated with the method described by Hozo et al.(22)

The methodological quality of the RCT was evaluated by
using the Jadad scale ranging from 0 to 7 points, including the
following aspects: randomisation (0, 1 or 2), double-blinding
(0, 1 or 2), concealment of allocation (0, 1 or 2), and withdrawals
and dropouts (0 or 1)(23). A score of≥ 4 indicates high quality(24).
Two investigators rated each study independently and sub-
sequently assigned a score to minimise selection bias.
Disagreements were resolved through a consensus with a third
investigator.

Statistical analysis

The meta-analysis was conducted using Stata statistical software
(version 10.0, Stata Corporation). Given the diversity in the mea-
surement and reporting of inflammatory markers among various
laboratories, the computation of the summary estimates was
used with a standardised mean difference (SMD) instead of
the absolute levels of inflammatory markers. Heterogeneity
across studies was tested using Q and I2 statistics. Significant
heterogeneity was indicated by Pheterogeneity < 0·10 or
I2> 60 %. A random-effects model was used when significant
heterogeneity was observed; otherwise, a fixed-effect model
was used to analyse the pooled results. Sensitivity analyses by
changing the eligibility criteria, including the omission of one
study at a time, were conducted to explore the robustness of
the pooled results.

Subgroup analyses grouped by study design (double-blinded
and non-double-blinded), sample size (≤ 40 and> 40), Jadad
score (≤ 3 and≥ 4), study area (America, Asia and Europe),
cancer site (head and neck, gastric, colorectal, and other), fatty
acid types (n-3 PUFA, DHA and EPA combined, and EPA),
administration routes (oral, nasal and intravenous), therapy
duration (≤ 1 month and> 1 month), primary concurrent treat-
ment (chemotherapy, operation and others) and patient age (≤
60 years and> 60 years) were performed using random-effects
model to evaluate the effects of these variables on inflammation
levels, as well as the possible sources of heterogeneity.

Meta-regression analyses (≥ 10 studies for each variable)
were used to determinewhether some relevant variables, includ-
ing publication year, study design, Jadad score, sample size,
study area, fatty acid types, administration routes, therapy dura-
tion, primary concurrent treatment, basic inflammation levels,
patient age and BMI, were the possible sources of heterogeneity,
as well as the existence of a linear relationshipwith inflammatory
marker change.

Publication bias was evaluated visually by funnel plots and
statistically by Egger’s and Begg’s tests. If significant publication
bias was presented, the ‘trim-and-fill’method was used to exam-
ine the expected number of studies needed to correct the asym-
metry of funnel plots and compute the adjusted pooled result.
Two-tailed P< 0·05 was considered statistically significant.

Results

Characteristics of included studies

A detailed flow chart of the study selection process is outlined in
Fig. 1. A total of 115 potentially related articles were identified
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through an initial online search. After the titles and abstracts were
reviewed, twenty-nine articles were selected and further exam-
ined. Nine of the twenty-nine articles were excluded for the
following reasons: four had no original data(25–28), three were
not RCT(29–31), one did not use n-3 PUFA(32) and one was a study
protocol(33). Therefore, twenty articles that satisfied the inclusion
criteria were included in the meta-analysis: nineteen for
IL-6(34–52) and fifteen for TNF(36–41,43,44,46,48–53). Table 1 provides
the detailed characteristics of the included studies.

Results for IL-6

The pooled result indicated a significant decrease in IL-6 level
after n-3 PUFA administration and showed significant hetero-
geneity (Fig. 2). Sensitivity analysis by omitting one RCT at a time
showed that SMD ranged from 0·378 (95 % CI 0·033, 0·753) to
0·568 (95 % CI 0·175, 0·961) when the studies of Wu 2001(36)

and Felekis 2010(39) were omitted. After five studies were
removed, in which means and standard deviations were
extracted by reading the graphs or calculating the medians
and interquartile ranges(35,42,45,47,50), a significant decrease in
IL-6 was observed (SMD, 0·573; 95 % CI 0·092, 1·053) and the
heterogeneity remained significant (Pheterogeneity< 0·001;
I2= 90·5 %). Additional analysis by including two

non-RCT(29,30) showed a similar result in IL-6 after n-3 PUFA
administration (SMD, 0·975; 95 %CI 0·386, 1·564) with significant
heterogeneity (Pheterogeneity < 0·001; I2= 94·7 %).

Subgroup analyses suggested significant differences existed
when grouping was performed according to study area, cancer
site, fatty acid types and primary concurrent treatment (Table 2).
No significant linear relationship between IL-6 and some rel-
evant variables was observed through meta-regression analysis
(Table 3). The possible sources of heterogeneity were not found
by subgroup and meta-regression analyses (Tables 2 and 3).

No publication bias was observed from funnel plot and asso-
ciated statistics (PBegg= 0·484; PEgger = 0·319) (Fig. 4).

Results for TNF

A remarkable decrease in TNF was observed after n-3 PUFA
administration with significant heterogeneity (Fig. 3).
Sensitivity analysis by omitting one RCT at a time showed that
SMD ranged from 0·642 (95% CI 0·414, 0·870) to 0·771 (95%
CI 0·537, 1·005) when the RCT of Finocchiaro 2012(44) and
Felekis 2010(39) were omitted. A similar result was obtained after
the study of Ryan 2009(41) was removed, in which data were
extracted by reading the graph (SMD, 0·745; 95% CI 0·480,
1·011). Pooled analysis by including one non-RCT(29) using

Fig. 1. Flow diagram of study selection.

56 Y. Guo et al.

https://doi.org/10.1017/S0007114522000575  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0007114522000575


Table 1. Characteristics of studies included in meta-analysis

Study Location Design Cancer Type Eligibility Criteria

Therapy

Duration

Dosage

Form Intervention (Per d)

Concurrent

Treatment

Age (years) BMI (kg/m2)
Drop

off

Jadad

ScoreMean SD Mean SD

Furukawa 1999 Japan RCT, DB Oesophageal Esophagectomy with thoracotomy 17 d TPN 1·8 g EPA PO 58·0 4·0 NR 0 2

Gianotti 1999 Italy RCT, DB Stomach or

colorectum

18–75 years, adenocarcinoma 7 d EN (10·5% n-3 PUFAþ 8·3%

n-6 PUFA) g/l

PO 62·5 11·3* NR 5 5

60·9† 12·5†

Wu 2001 China RCT, DB Gastrointestinal Major abdominal surgery 8 d EN 1·896 g EPAþ 0·72 g DHA PO 55·2 12·1* NR 0 3

52·6 9·8†

Chen 2005 China RCT Gastric carci-

noma

Major elective surgery 9 d EN 4·17 g/l (n-6:n-3) PUFA

(3·45:1)

PO 59·0 12·6 NR 0 1

Casas-Rodera

2008

Spain RCT Oral and laryn-

geal

NR 14·5 d EN 2·8 g (n-6:-n-3) PUFA

(0·7:1)

PO 54·3 13·0* NR 0 2

50·1 13·8†

Liang 2008 China RCT Colorectal Stage I-III, radical resection 7 d TPN 0·2 g/kg n-3 PUFA PO 55·8 10·1* 23·4 2·4* 1 6

59·2 10·6† 23·9 2·8†

Ryan 2009 Ireland RCT, DB Oesophageal Resectable 26 d EN 4·5 g/l EPA

1·9 g/l DHA

PO 62·0 11·0* 24·6 3·4* 0 4

65·7 9·0† 27·1 4·1†

Dimitrios 2010 Greece RCT, DB Head and neck Histologically diagnosis of squamous cell

carcinoma for surgical treatment, no CT

or RT

8 d Capsule Arginine,

RNA, n-3 PUFA

PO 61·0 3·8* NR 0 5

63·2 3·9†

Silva 2012 Brazil RCT Colorectal > 18 years, anthropometrics, dietary and

biochemical assessment

9 weeks Capsule 0·6 g PUFA CT 50·1 8·2* 26·7 5·8* 5 2

54·3 9·3† 24·6 2·8†

Finocchiaro 2012 Italy RCT, DB, multi-

centre

Lung 18–70 years, advanced stage, ≤ 10%

weight loss, CT, life expectancy≥ 2

months, KPS ≥ 80

66 d Capsule 0·85 g (EPAþDHA) (3:2) CT 58·1 6·7* 26·2 7·0* 6 5

60·6 7·4† 25·0 3·9†

Mocellin 2013 Brazil RCT Colorectal >19 years, histopathological diagnosis, CT

indication

9 weeks Capsule 0·6 g (EPAþDHA) (3:2) CT 54·5 9·8 NR 1 3

Kanat 2013 Turkey RCT Malignancy at

any site

≥ 18 years with histological/radiological/

clinical, advanced stage, KPS ≥ 70%,

loss≥ 5% body weight, life expect-

ancy≥ 3 months

3 months Capsule 2·2 g EPA CT and/or

CRT

60·8 12·9 20·6 3·5 7 3

Roca-Rodriguez

2014

Spain RCT ENT Stage III–IV 3 months EN 6 g n-3 PUFA RT 61·0 14·7* 25·3 4·6* 0 2

61·1 10·7† 27·5 4·0†

Wang 2015 China RCT Gastric Radical resection 7 d EN 0·2 g/kg n-3 PUFA PO 59·8 2·1* NR 0 3

60·1 1·8†

Carvalho 2017 Brazil RCT, DB Oral cavity 40–75 years, histopathological diagnosis,

non-treatment, malnutrition or nutritional

risk

4 weeks EN 2 g EPA Antineoplastic

pretreat-

ment

57·3 9·1* 20·7 3·4* 0 6

53·3 8·8† 22·6 4·3†

Golkhalkhali 2018 Malaysia RCT, DB Colorectal CT 8 weeks Capsule 2 g (EPAþDHA) CT 58·0

(me-

dian)

21·8 4·1* 0 4

23·0 4·3†

Solis-Martinez

2018

Mexico RCT Head and neck Cytologically diagnosed, squamous cell

cancer, start any antineoplastic treat-

ment

6 weeks Polymeric

diet

2 g EPA No 60·0 14·0* 22·6 4·6* 0 2

58·0 14·0† 24·0 4·2†

Feijo 2019 Brazil RCT, open longi-

tudinal

Gastric 40–65 years, pretreatment 30 d EN 3·2 g (EPAþDHA) No 58·0

(me-

dian)

24·2 20·4–26·3* 15 4

22·8 20·1–28·3†
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random-effects model revealed similar decrease in
TNF levels after n-3 PUFA administration (SMD, 0·840;
95 % CI 0·508, 1·172) with significant heterogeneity
(Pheterogeneity< 0·001; I2= 81·9%).

Subgroup analyses revealed the differences in sample
size, Jadad score and cancer site might affect n-3 PUFA effi-
cacy (Table 4). The sources of heterogeneity were not found
by subgroup (Table 4) and meta-regression (Table 3)
analyses.

The funnel plot (Fig. 4) and Begg’s (P= 0·038) and Egger’s
test (P= 0·094) indicated the occurrence of publication bias
for TNF. The ‘trim-and-fill’ method showed the need for
five additional studies to correct the funnel plot asymmetry
(Fig. 4). The SMD corrected using the fixed- and random-effects
models were 0·469 (95 % CI 0·337, 0·601) and 0·467 (95 % CI
0·192, 0·742), respectively, which indicated the slight contribu-
tion of publication bias to the pooled results.

Discussion

This meta-analysis assessed the effects of n-3 PUFA administra-
tion on circulating IL-6 and TNF levels in patients with cancer.
The results indicated that n-3 PUFA can reduce IL-6 and TNF lev-
els. Sensitivity analyses by changing the eligibility criteria further
strengthened the robustness of the results.

n-3 PUFA possess anti-inflammatory and inflammation-
resolving activities, possibly related to the inhibition of IL-6
and TNF production. The inhibitory effects of n-3 PUFA on IL-
6 and TNF have been reported in multiple inflammatory dis-
eases. However, the results are inconsistent in patients with
cancer. The current finding supported the role of n-3 PUFAs
in reducing circulating IL-6 and TNF levels in patients with
cancer. Partially consistent with current results, most previous
meta-analyses reported significant decrease in IL-6(15–18) and
TNF(16,18,19), whereas few reported non-significant changes in
IL-6(19) and TNF(17) after n-3 PUFA administration in digestive
system cancer. Similar findings were observed in breast, lung
and colorectal cancers examined in previous non-RCT(31,54–56).
Favourable evidence were provided by in vitro studies.
Findings showing that n-3 PUFA use can decrease IL-6 and
TNF secretion were reported in various human(57–59) and other
mammary cultured cells(60). Although not affected IL-6 and
TNF secretion, n-3 PUFA can promote pro-resolving responses
in human monocytes(61). Based on current published literature,
the effects of reducing IL-6 and TNF levels in patients with cancer
should be regarded as convincing.

When the suppressive action of n-3 PUFA on inflammatory
cytokines (IL-6 and TNF) in patients with cancer was established,
the pros and cons of n-3 PUFA use should be weighed.

IL-6 is a multifaceted pleiotropic cytokine mainly produced
by cancer and stromal cells in patients with cancer and has a
wide range of target cells because of its trans-signalling mecha-
nism. IL-6 has carcinogenic actions in experimental cancer mod-
els and patients with cancer(14,62–64). Raised IL-6 levels indicate
poor prognosis in patients with several types of cancer(3).
Anti-IL-6 therapy can target cancer by suppressing cancer
growth, metastasis, metabolism and cachexia(3,5,64).T
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TNF is another key cytokine that associates inflammation
with cancer. TNF has been initially found to have anticancer
functions because of its capability to induce haemorrhagic
necrosis in tumours. Existing data indicate that TNF is a poor
apoptosis inducer with weak cytotoxic or cytostatic effects on
malignant cells(65). Only high-dose TNF administration can be
used as a cytotoxic agent to kill tumour cells(65,66). Moreover,
TNF is a pro-cancer cytokine that favours tumour growth and
metastasis(14,65). Elevated circulating TNF concentration and
expression are present in various pre-cancerous and malignant
diseases. Chronic, low-level TNF exposure is linked to a pro-
malignant phenotype (growth, invasion and metastasis)(66).

Regardless of the underlyingmechanism linking IL-6 and TNF
with cancer, substantial evidence now exists to suggest that
reductions in IL-6 and TNF levels are associated with the benefits
of cancer treatment.

Conforming to the results of subgroup analyses, the anti-
inflammatory action of n-3 PUFA may be subject to multiple
factors. The disparity influence of race and ethnicity in vari-
ous aspects of cancer, including treatment response, was
observed(67,68). Compared with their American and
European counterparts, Asians can attain more benefits from
n-3 PUFA administration. Additionally, differences in serum
IL-6 and TNF levels were reported among people with

different ethnic origins or regions(69) and people with differ-
ent serum n-3 PUFA levels(70). Previous studies supported
different effects of n-3 PUFA administration on C-reactive
protein in diverse populations(20). The disparate impacts of
n-3 PUFA on circulating IL-6 and TNF in various regions were
understandable, although no study directly compared the
effects of n-3 PUFA administration on IL-6 and TNF levels
in diverse populations.

A site-specific association between cancer and inflammation
was reported(71,72). The present analysis supported the diverse
effects of cancer sites on IL-6 and TNF levels. Unexpectedly,
an increasing trend in IL-6 and a borderline result for TNF were
observed in head and neck cancer. Chronic inflammation involv-
ing IL-6 and TNF was related to the development and progres-
sion of head and neck cancer(73). None of the included RCT
reported remarkable increases in IL-6 and TNF in head and neck
cancer(38,39,45,47,49). According to current knowledge, the present
results for IL-6 and TNF in head and neck cancer should be inter-
preted with caution. The possible reasons are as follows: firstly,
the power to disclose these potential benefits of the therapy
because of the small sample size is insufficient. Secondly, the
possibility of low IL-6 and TNF levels in head and neck cancer
minimises the extent of their reduction. Finally, substantial
effects of n-3 PUFA are lacking.

Fig. 2. Meta-analysis of n-3 PUFA administration on IL-6 in cancer patients. CI, confidence interval; SMD, standardized mean difference.
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Substantial differences between the anti-inflammatory effects
of EPA and DHA were found(74). The use of DHA alone was not
reported in the included articles. A borderline result was
observed for EPA use alone in IL-6. Alternatively, a substantial
impact of TNF was observed. Subgroup analysis suggested that
the combination of EPA and DHA have higher benefits than EPA
alone. However, a recent network meta-analysis(75) and a head-
to-head comparison study(76) did not find remarkable differences
in IL-6 and TNF levels between DHA and EPA. Results of in vitro
studies were mixed(57,61,77,78). Some were suggestive of more
potent in EPA(57,79), whereas others showed different
results(61,77). Additionally, no remarkable differences in some
inflammation-related genes expressing in human immune cells
were found between the effects of EPA and DHA(80). Thus,
whether EPA or DHA is superior to the other in terms of anti-
inflammatory activity remains unclear.

Therapy or administrative duration may be one vital factor
influencing the anti-inflammatory properties of n-3 PUFA.
Previous data seemed to support significant decrease in IL-6
and TNF levels from longer duration of therapy(25,41,81).

Inconsistent findings were provided by current subgroup
analyses. A significant decrease in TNF was observed after
long-term therapy, whereas a significant decrease in IL-6 was
observed after short-term therapy. The optimal duration of
n-3 PUFA was poorly determined and may have been influ-
enced by multiple factors. Among the most critical factors, par-
ticular attention should be paid to the anti-inflammatory
pathways of n-3 PUFA. Incorporation into cell membrane phos-
pholipids can rapidly modify cell function, and 26 weeks are
needed to alter the gene expression profiles to anti-inflamma-
tory status in human blood mononuclear cells(82). Additionally,
n-3 PUFA can act directly on inflammatory cells by decreasing
inflammatory cytokine production through the activation of
free fatty acid receptors 1 and 4(83) and enzymatically produce
specialised pro-resolving mediators to orchestrate the resolu-
tion of inflammation(84). The precise anti-inflammatory path-
ways of n-3 PUFA are complex(6,8) and vary under various
conditions, including doses and proportions(85). Thus, varying
the duration of n-3 PUFA administration for the desired effects
is conceivable.

Table 2. The results of subgroup analyses for IL-6

Subgroup No. of study/patient

Heterogeneity Random effects Fixed effects

PsubgroupP; I2 (%) SMD 95% CI SMD 95% CI

Design
DB 10/583 0·000; 91·8 0·635 –0·001, 1·272 0·360 0·187, 0·533 0·852
Non-DB 9/376 0·000; 79·8 0·346 –0·132, 0·823 0·386 0·176, 0·596

Sample size
≤ 40 8/233 0·000; 82·1 0·288 –0·366, 0·943 0·188 –0·082, 0·458 0·128
> 40 11/726 0·000; 90·8 0·614 0·097, 1·132 0·429 0·276, 0·583

Jadad score
≤ 3 9/318 0·000; 89·4 0·592 –0·160, 1·343 0·455 0·217, 0·694 0·401
≥ 4 10/641 0·000; 87·8 0·405 –0·070, 0·880 0·332 0·171, 0·493

Study area
America 5/242 0·017; 66·6 0·174 –0·287, 0·636 0·243 –0·014, 0·500 0·032
Asia 8/492 0·000; 91·8 0·923 0·218, 1·628 0·546 0·357, 0·735
Europe 6/225 0·000; 89·1 0·232 –0·616, 1·081 0·142 –0·135, 0·419

Cancer sites
Head and neck 5/212 0·055; 56·8 –0·227 –0·653, 0·199 –0·189 –0·462, 0·084 < 0·001
Oesophageal 2/67 0·001; 91·4 0·779 –1·688, 3·246 –0·049 –0·554, 0·456
Gastric 4/273 0·000; 93·0 0·693 –0·305, 1·690 0·306 0·057, 0·555
Colorectal 4/238 0·022; 68·9 0·459 –0·085, 1·004 0·648 0·384, 0·912
Others 4/169 0·000; 91·6 1·285 0·074, 2·495 1·106 0·761, 1·450

Fatty acid types
EPA 6/254 0·016; 64·2 –0·000 –0·440, 0·439 –0·078 –0·329, 0·172 < 0·001
EPA and DHA 5/350 0·000; 93·9 0·702 –0·310, 1·714 0·458 0·234, 0·682
n-3 PUFA 8/355 0·000; 86·4 0·642 0·034, 1·250 0·638 0·416, 0·860

Administration routes
Oral 7/361 0·000; 77·1 0·330 –0·151, 0·811 0·445 0·232, 0·658 0·063
Nasal feeding 10/543 0·000; 92·2 0·478 –0·176, 1·133 0·263 0·084, 0·442
Intravenous 2/55 0·056; 72·6 1·266 –0·132, 2·664 0·929 0·358, 1·500

Therapy duration (month)
≤ 1 12/601 0·000; 91·0 0·614 0·029, 1·198 0·332 0·161, 0·502 0·472
> 1 7/358 0·000; 78·2 0·302 –0·195, 0·798 0·432 0·218, 0·646

Primary concurrent treatment
Chemotherapy 4/224 0·004; 77·9 0·606 –0·101, 1·312 0·737 0·461, 1·012 0·004
Postoperation 10/480 0·000; 92·2 0·706 –0·013, 1·425 0·349 0·156, 0·543
Others 5/255 0·054; 57·0 0·066 –0·319, 0·451 0·108 –0·140, 0·356

Age of patients (years)
≤ 60 14/659 0·000; 87·7 0·600 0·123, 1·076 0·355 0·194, 0·516 0·079
> 60 4/160 0·000; 90·9 0·000 –1·096, 1·097 0·027 –0·301, 0·355
NR 1/140 0·823 0·478, 1·168 0·823 0·478, 1·168

SMD, standardised mean difference; DB, double-blind; NR, not reported.
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Table 3. The results of meta-regression analyses

Variable

IL-6 TNF

No. study/patient P No. study/patient P

Publication year 19/859 0·058 15/810 0·701
Study design 19/859 0·633 15/810 0·940
Jadad score 19/859 0·832 15/810 0·511
Sample size 19/859 0·864 15/810 0·708
Study area 19/859 0·346 15/810 0·684
Fatty acid types 19/859 0·297 15/810 0·134
Administration routes 19/859 0·930 15/810 0·745
Therapy duration 19/859 0·221 15/810 0·281
Primary concurrent treatment 19/859 0·639 15/810 0·222
Basic inflammatory factor levels 18/842 0·248 15/810 0·146
Age 19/859 0·511 15/810 0·674
BMI 11/574 0·536 NS NS

NS, no statistics.

Table 4. The results of subgroup analyses for TNF

Subgroup No. of study/patient Heterogeneity P; I2 (%)

Random effects Fixed effects

PsubgroupSMD 95% CI SMD 95% CI

Design
DB 7/466 0·000; 77·9 0·724 0·293, 1·154 0·606 0·417, 0·795 0·646
Non-DB 8/344 0·129; 37·6 0·707 0·421, 0·993 0·674 0·454, 0·894
Sample size
≤ 40 5/147 0·164; 38·6 1·149 0·684, 1·615 1·125 0·771, 1·479 0·003
> 40 10/663 0·164; 38·6 0·559 0·298, 0·820 0·539 0·383, 0·696

Jadad score
≤ 3 6/219 0·548; 0·0 1·081 0·795, 1·368 1·081 0·795, 1·368 < 0·001
≥ 4 9/591 0·005; 63·9 0·518 0·228, 0·807 0·486 0·321, 0·652

Study area
America 4/183 0·186; 37·7 0·569 0·169, 0·969 0·527 0·230, 0·825 0·156
Asia 7/478 0·052; 52·0 0·834 0·547, 1·121 0·749 0·562, 0·936
Europe 4/149 0·001; 82·9 0·606 –0·234, 1·446 0·406 0·070, 0·742

Cancer sites
Head and neck 3/143 0·197; 38·4 0·108 –0·340, 0·556 0·100 –0·243, 0·442 0·003
Gastric 4/273 0·093; 53·3 0·816 0·434, 1·198 0·733 0·486, 0·981
Colorectal 4/232 0·581; 0·0 0·630 0·365, 0·894 0·630 0·365, 0·894
Others 4/172 0·004; 77·4 1·109 0·408, 1·809 0·952 0·629, 1·276

Fatty acid types
EPA 3/161 0·215; 34·9 0·400 0·009, 0·792 0·383 0·069, 0·696 0·186
EPA and DHA 5/244 0·004; 74·0 1·001 0·491, 1·510 0·738 0·517, 0·960
n-3 PUFA 7/305 0·010; 64·3 0·677 0·280, 1·073 0·660 0·426, 0·895

Administration routes
Oral 6/291 0·072; 50·5 0·903 0·509, 1·297 0·772 0·531, 1·013 0·157
Nasal feeding 7/414 0·001; 74·2 0·693 0·284, 1·101 0·637 0·436, 0·838
Intravenous 1/41 0·487 –0·135, 1·109 0·487 –0·135, 1·109
Other 1/64 0·150 –0·341, 0·640 0·150 –0·341, 0·640

Therapy duration (month)
≤ 1 9/484 0·003; 66·0 0·656 0·328, 0·983 0·620 0·434, 0·805 0·796
> 1 6/326 0·010; 66·7 0·823 0·380, 1·267 0·658 0·432, 0·884

Primary concurrent treatment
Chemotherapy 4/218 0·001; 70·2 1·075 0·425, 1·725 0·785 0·506, 1·065 0·339
Postoperation 8/416 0·021; 69·3 0·670 0·291, 1·050 0·628 0·427, 0·828
Others 3/176 0·200; 37·8 0·492 0·107, 0·878 0·478 0·176, 0·779

Age of patients (years)
≤ 60 12/586 0·003; 61·1 0·808 0·522, 1·093 0·711 0·542, 0·881 0·160
> 60 2/84 0·010; 85·0 0·267 –0·866, 1·400 0·271 –0·168, 0·710
NR 1/140 0·549 0·211, 0·886 0·549 0·211, 0·886

SMD, standardized mean difference; DB, double-blind; NR, not reported.
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Doses and proportions are the other two fundamental factors
influencing the anti-inflammatory properties of n-3 PUFA(7,86).
The optimal doses have not yet been firmly established(8).
Different inflammatory conditions possibly require different
doses(87). The threshold(88) and dose–response relationship
within a certain range(89,90) of n-3 PUFA administration have

been reported. However, the dose–response relationship and
diverse effects of different proportions of n-3 PUFA have not
been analysed because of limited data.

Additionally, differences in administration routes, primary
concurrent treatment, basic inflammatory factor levels and
patient age cannot independently predict the effectiveness of

Fig. 3. Meta-analysis of n-3 PUFA administration on TNF in cancer patients. CI, confidence interval; SMD, standardized mean difference.

Fig. 4. The filled funnel plot for IL-6 (a) and TNF (b). Open circles are for original data, and solid squares are for imputed “filled” values.
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n-3 PUFA administration on IL-6 and TNF levels according to the
results of subgroup and meta-regression analyses.

Some limitations should be noted when interpreting the find-
ings of this meta-analysis. Firstly, the number of patients and
studies is small, and thus are prone to selection and publication
biases. Secondly, substantial variations on potential confounders
were present, such as patient enrolment, cancer site, n-3 PUFA
types and dosage, and therapy duration. Thirdly, the subgroup
results were defined post hoc, and the means of the studies
instead of individual patient’s data were used as data points.
Finally, the means and standard deviations in some studies were
extracted through figures or calculated from data with non-nor-
mal distribution. These limitations may have reduced the statis-
tical power, leading to false or spurious results.

Despite that the optimal regimens using n-3 PUFA were not
identified, the present result supports the use of n-3 PUFA for
patients with cancer, possibly excluding head and neck cancer,
because of their anti-inflammatory properties. More benefits
were observed in Asian, EPA and DHA combined, independent
of administration routes, therapy duration and primary concur-
rent treatment. Further studies are needed to determine optimal
patients and regimens that will highly benefit from the use of n-
3 PUFA.
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