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Abstract

Background: In the general population, a higher omega-3 polyunsaturated fatty
acids intake is associated with lower levels of several psychological symptoms,
especially depression. However, the existing evidence in cancer is equivocal.
Methods: This phase IIB double-blind, placebo-controlled trial was aimed at
comparing the effects of eicosapentaenoic acid monoacylglyceride (MAG-EPA)
supplementation and high oleic acid sunflower oil (HOSO; placebo) on depres-
sion levels (primary outcome) and other symptoms (anxiety, fear of cancer recur-
rence, fatigue, insomnia, perceived cognitive impairments; secondary outcomes).
Participants, recruited in a prostate cancer clinic, were randomized to MAG-EPA
(3.75g daily; n=65) or HOSO (3.75g daily; n=65) for 1year post-radical prosta-
tectomy (RP), starting 4-10 weeks before surgery. Patients completed self-report
scales at baseline (before RP) and 3, 6, 9, and 12 months after: Hospital Anxiety
and Depression Scale (HADS), Fear of Cancer Recurrence Inventory (FCRI),
Insomnia Severity Index (ISI), Fatigue Symptom Inventory (FSI), and Functional
Assessment of Cancer Therapy—Cognitive Function (FACT-Cog).

Results: Analyses showed significant reductions in HADS-depression, HADS-
anxiety, FCRI, ISI, FSI-number of days, and FACT-Cog-impact scores over time.
A significant group-by-time interaction was obtained on FACT-Cog-Impact
scores only; yet, the temporal change was significant in HOSO patients only.
Conclusions: Several symptoms significantly decreased over time, mainly within
the first months of the study. However, MAG-EPA did not produce greater reduc-
tions than HOSO. Omega-3 supplementation does not seem to improve psycho-
logical symptoms of men treated with RP.

Presentations: Results of this study were presented at the 2022 annual meeting of the American Psychosomatic Society, Long Beach, California.
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1 | INTRODUCTION

Prostate cancer is the most widely diagnosed non-skin
malignancy in North American men."* Although pros-
tate tumors generally have a good prognosis,’ their
treatment with radical prostatectomy (RP) or radia-
tion therapy is associated with significant morbidity
(e.g., erectile dysfunction, incontinence), which may
take a significant toll on patients’ psychological health.
A meta-analysis of 27 studies (N=4494) showed that
17.3%, 14.7%, and 18.4% of patients with prostate cancer
had clinical levels of depression at pretreatment, during
treatment, and posttreatment, respectively, as assessed
using validated questionnaires.* Proportions of patients
with clinical anxiety were 27.0%, 15.1%, and 18.5% at
the same time points, respectively. Fatigue, insomnia,
and cognitive disturbances are even more common in
men with prostate cancer. The prevalence of chronic
fatigue varies from 13% (RP) to 39% (radiation + hor-
mone therapy).” The prevalence of insomnia symptoms
ranges from 25% to 50%, with higher values found at the
perioperative period.® Cognitive impairments are found
in 10%-69% of patients, depending on measures used,
domains evaluated, treatments received and time since
their termination.’

In the general population, epidemiological stud-
ies have consistently found associations between a
greater fish consumption and omega-3 (n-3) polyun-
saturated fatty acids (PUFA) intake and a reduced risk
for depression,®® with a peak reduced risk for 1.8g/
day of n-3 and 0.6g/day of EPA + DHA intake.® There
is also some evidence of a linear relationship between
plasma levels of n-3 and the severity of depression in
depressed patients.'®'? Further, reviews of randomized
clinical trials (RCTs) have shown a greater reduction
of depressive symptoms with n-3 PUFA supplementa-
tion as compared to placebo,'*** with greater effects
for eicosapentaenoic acid (EPA) than docosahexaenoic
acid (DHA)-predominant formulations (>50%), at a dos-
age of 1g/day or more."*'* For sleep difficulties, RCTs
have mainly revealed no beneficial effect in menopausal
women (12weeks of 1.8 g/day fish oil capsules, 3 times/
day; containing 425mg of EPA, 100mg of DHA and,
100 mg of other n-3s) and middle-aged and older adults
(12weeks of 2.5g/day, 2085mg of EPA and 348 mg of
DHA C'clpsules).16’17 However, reviews of RCTs have re-
vealed promising results for the treatment of anxiety

disorders (for dosages of at least 2000 mg/day and for
supplements containing at least 60% or more EPA)'® and
for improving cognitive functioning in the elderly."

A handful of studies have looked at relationships be-
tween n-3 PUFA consumption/levels and psychological
symptoms in patients with cancer. In lung cancer, no sig-
nificant difference was found on serum levels of n-3 PUFA
between patients with severe major depression and non-
depressed patients, but the group with minor depression
had significantly higher DHA levels than the other two.*
On the other hand, a study of patients with breast cancer
showed a relationship between greater depression scores
and higher blood levels of total n-6 PUFA and a-linolenic
acid (ALA), but not n-3 levels. 2! Using the same sample,
lower blood levels of ALA, but not EPA and DHA, were
significantly related to higher fear of cancer recurrence
(FCR), independently of depressive symptoms.** With
regard to cognitive function, it has been suggested that a
diet rich in n-3 PUFA, especially DHA, could help prevent
impairments associated with cancer treatment (e.g., che-
motherapy), but evidence is lacking.”*** Available RCTs
of n-3 supplementation (6-week treatment of 1-g capsules
containing 18% EPA and 12% DHA? or oral nutritional
supplement containing EPA?®) have shown reductions in
fatigue in patients with advanced lung cancer. A pilot RCT
also found that a 3-month diet rich in fruits, vegetables,
whole grains, and n-3 PUFA was associated with reduced
fatigue and improved sleep in patients with breast can-
cer.”” However, a recent 6-week trial showed that fatigue
improvements were greater with n-6 (capsules of soy-
bean oil; 6g/day) than n-3 (capsules of fish oil; 3.3g/day
of DHA + EPA) supplementation in the context of breast
cancer.?®

In sum, the existing evidence, mainly cross-sectional,
has provided equivocal findings on the link between
PUFA intake/levels and several symptoms in the context
of cancer. More RCTs are needed to establish causality,
and no study has been conducted in the context of pros-
tate cancer. This study is a secondary analysis of an RCT
assessing the effects of eicosapentaenoic acid monoacyl-
glyceride (MAG-EPA) supplementation on biological
and quality of life outcomes in men treated with RP for
prostate cancer (Gleason score >7 and grade group
>2%2%3%) This analysis was planned a priori at the time of
the grant proposal submission, hence before the start of
the trial. The main outcome of this RCT was the prolif-
erative index (nuclear Ki-67 expression) of prostate
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cancer cells from RP specimen. The goal of the current
secondary outcome analysis was to evaluate the effect of
a 1-year MAG-EPA (active treatment) supplementation
as compared to high oleic acid sunflower oil (HOSO;
placebo) on depression (main outcome) and other psy-
chological symptoms* commonly found in men with
prostate cancer (anxiety, FCR, insomnia, fatigue, and
cognitive complaints). It was hypothesized that patients
taking MAG-EPA supplementation would show signifi-
cantly greater reductions in depression and other symp-
toms as compared to HOSO at 3-, 6-, 9-, and 12-month
follow-ups.

2 | METHOD

2.1 | Study design

The study is a phase IIb, randomized, double-blind,
placebo-controlled trial. A total of 130 patients were
randomized (allocation ratio 1:1) to MAG-EPA supple-
mentation (n=65) or HOSO (n=65) 4-10weeks before
undergoing their RP. Psychological measures were col-
lected at baseline (V0), as well as 3 (V2), 6 (V3), 9 (V4),
and 12 (V5) months following RP. No psychological meas-
ure was taken at RP (V1). This sample size was estimated
to provide sufficient power to detect significant between-
group differences on the main RCT outcome (i.e., prolif-
erative index).

2.2 | Participants

2.2.1 | Inclusion criteria
(a) >18years of age; and (b) waiting to receive RP for pros-
tate cancer with a Gleason score >7 (grade group >2).

2.2.2 | Exclusion criteria

(a) Intolerance or allergy to fish or sunflower seeds; and
(b) antecedents of bipolar disorder (as reported by the
patient and corroborated in his medical chart). Users of
n-3 supplements could be included after a washout pe-
riod of 8 weeks prior to randomization (three patients did
s0). Other types of natural supplements had to be stopped
throughout the study.

*The term « psychological symptoms » is utilized inclusively here to
designate symptoms that are often considered somatic in nature but
have a strong psychological component.
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2.2.3 | Recruitment

The trial was advertised through posters in the prostate
cancer clinic of the CHU de Québec-Université Laval.
When the prostate cancer diagnosis was ascertained, the
urologist informed the patient about the various treat-
ment options. When RP was selected as the primary treat-
ment, the urologist briefly informed the patient about the
study and referred him to a research nurse who explained
it in more detail and obtained written consent of patients
agreeing to participate. Between February 2015 and June
2017, 397 patients were assessed for eligibility, and 130 of
them (32.7%) agreed to participate and were randomized
(see Figure 1). The trial was approved by our Institution's
Review Board (#2012-1012).

2.2.4 | Randomization

Participants were randomized after their eligibility was
confirmed, at their enrolment visit, which occurred
4-10weeks prior to their RP. A computer-generated ran-
dom list was prepared by the clinical research oncology
pharmacy (permuted random blocks of 2-8) and was kept
locked at the pharmacy. All patients and members of the
research team were blinded to the allocation sequence
and block sizes.

2.3 | Procedure

2.3.1 | Assessments

At randomization, blood samples and anthropometry
measures were taken. Patients also completed self-
report scales assessing medical history, health behav-
iors, psychological and somatic symptoms, and quality
of life. Patients had to come back to the clinic for a nurse
appointment 3, 6, 9, and 12 months following RP when
they completed the same battery of questionnaires and
samples collection.

2.3.2 | Intervention

Both types of capsule were prepared by SCF Pharma,
were odorless, and were identical in appearance. Pa-
tients were instructed to take the capsules 7.5weeks on
average (range: 4-10 weeks) prior to RP and to continue
for 1-year post-RP. At each visit, they were given enough
capsules for 3months by the hospital pharmacist and
were instructed to return those not taken since the last
visit. No major toxicities were observed for both arms.
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Assessed for eligibility (n=397)

Excluded (n=159)

Not treated with RP (n=37), delay too short to RP (n=82), other cancer (n=5), Gleason 6 cancer

(n=5), > 80 years old (n=7); fish allergy (n=1), other reasons (n=22; e.g. other medical condition)
Declined participation (n=92)

Lack of interest (n=84), refused washout of omega-3 (n=8)

Other reasons (n=16)
Lack of time to propose participation (n=16)

Randomized (N=130)

Allocated to MAG-EPA (n=65)

Received allocated intervention (n=63) Allocated to placebo (n=65)

Drop out before RP (n=2) Received allocated intervention (n=65)
Personal reason (n=1), change of treatment option (n=1)

3-month assessment (V2; n=57)

> 3-month assessment (V2; n=64)
Drop-out (n=6) Drop-out (n=1)

Digestive problems (n=1), diarrhea (n=2), nausea (n=1), Digestive problems (n=1)

skin rash (n=1), too many capsules to take (n=1) 9 p

6-month assessment (V3; n=61)
Drop-out (n=3)
Personal reason (n=1), fear that was assigned
to placebo (n=1), other disease (n=1)

6-month assessment (V3; n=57)
Drop-out (n=0)

9-month assessment (V4; n=56) g'gggfgutaasj)ssment (V4; n=60)
Visit skipped (n=1) Fear that was assigned to placebo (n=1)

12-month assessment (V5; n=56) 12-month assessment (V5; n=60)
Drop-out for other disease (n=1) Drop-out (n=0)
Analyzed (n=65) Analyzed (n=65)

FIGURE 1 Participants' flowchart.
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Adverse events have recently been published in another
secondary analysis (quality of life outcomes) of the same
trial.*!

MAG-EPA (active intervention)

These patients were instructed to take six capsules of
625mg of fish oil (each containing 500 mg of MAG-EPA)
per day for a total daily dosage of 3g of EPA. This inter-
vention was chosen based on our previous studies in men
with low-risk prostate cancer which showed that a higher
EPA level in prostate tissue, but not DHA, was related to
a lower cancer progression risk.*>** The dosage of 3 g was
also consistent with Health Canada’s recommendation to
maintain good health at the time of the study.**

HOSO (placebo)

This group had to take six capsules of 625mg of high
oleic acid sunflower oil (mainly n-9, with no n-3, and only
a trace of n-6), a biologically neutral oil on inflammation,
for a total daily dose of 3.75g of HOSO.

2.3.3 | Measures
Hospital Anxiety and Depression Scale (HADS)

This 14-item scale is divided into two subscales: depres-
sion (HADS-D; 7 items) and anxiety (HADS-A; 7 items).*
Items are rated in reference to the previous week on a 4-
point Likert scale ranging from 0 to 3 (total score range:
0-21). A total score >7 on a subscale indicates a clinical
level of that symptom.>®

Patient Health Questionnaire-9 (PHQ-9)’

This self-report scale comprises nine items assessing
depression symptoms. Items are rated on a 4-point Likert
scale from 0 “not at all” to 3 “nearly every day” over the
past 2weeks (total score range: 0-27). A score >10 suggests
the presence of moderate depression severity.

Fear of Cancer Recurrence Inventory-Severity Subscale
(FCRI-S)

The FCRI-S evaluates the severity of FCR over the past
month. It is composed of nine items rated on a 5-point
Likert scale with a range from 0 “not at all” to 4 “a great
deal”.*® A score >13 indicates a clinical level of FCR.*

Insomnia Severity Index (ISI)

The ISI evaluates insomnia severity.*’ Each of the seven
items is rated using a 5-point Likert scale that varies from
0 “not at all” to 4 “very much”; total range score: 0-28.
A score =8 suggests the presence of clinically meaningful
insomnia.*!

Fatigue Symptoms Inventory (FSI)

The FSIwas developed in patients with cancer to assess
multidimensional aspects of fatigue.** It evaluates fatigue
severity (3 items), fatigue impact (7 items), the number
of days that respondents felt fatigued (1 item), and how
much of the day (extent; 1 item) they felt fatigued. A mean
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score of 3 or higher on the severity subscale indicates the
presence of a clinical level of fatigue.**

Functional Assessment of Cancer Therapy—Cognitive
Function (FACT-Cog v3)

The FACT-Cog is subdivided into four subscales: per-
ceived cognitive impairments (PCI; 18 items), comments
from others (others; 4 items), impact on quality of life
(impact; 4 items), and perceived cognitive abilities (PCA;
7 items). Items are scored in reference to the past 7days
on a 5-point Likert scale that ranges from 0 “not at all” to
4 “very much”. A PCI score <54 indicates the presence of
clinically meaningful cognitive impairments.**

2.4 | Statistical analyses

Groups were compared at baseline on their sociodemo-
graphic and medical characteristics using ¢, Cochran-
Mantel-Haenszel and Wilcoxon tests (see Table 1). To
compare the effects of MAG-EPA supplementation to
those of placebo, group, time, and group-by-time inter-
actions were tested using linear mixed models with re-
peated measures, including a random effect for patients,
on each outcome. Because of significant between-group
differences at baseline on these variables, the analyses
controlled, when appropriate (i.e., when the confounding
variable was significantly associated with the outcome),
for the possible confounding effect of the National Com-
prehensive Cancer Network (NCCN) risk classification
(IST), the Gleason score at biopsy (FCRI, FSI-severity, FSI-
number of days, and FSI-extent), and baseline EPA levels
(HADS-A, FSI-impact, and FACT-Cog-PCA). All analy-
ses were conducted using an intent-to-treat approach. To
test group, time and group-by-time interaction effects on
the proportion of patients having clinical levels of each
symptom, generalized linear mixed models (binomial dis-
tribution, logit link) with repeated measures, including a
random effect for patients, were computed. The analyses
controlled for the same possible confounding variables,
when appropriate (biopsy Gleason score for FSI). To in-
vestigate whether the evolution of mean scores obtained
on a specific symptom for both groups varied as a function
of having a clinical level of that same symptom at base-
line, linear mixed models with repeated measures were
computed, including a random effect for patients, and
controlling for the same possible confounders (EPA for
FCRI, biopsy Gleason score for ISI, NCCN risk for FACT-
Cog). All double and triple interaction effects between the
clinical level of the symptom, the group, and time were
included in these models. For the first two series of analy-
ses, per-protocol analyses were also conducted including
only the patients who took at least 80% of their capsules
between one time point and the previous one (V0: 130; V2:
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TABLE 1 Participants' characteristics at baseline.

Variable MAG-EPA (n=65) Placebo (n=65) Total sample (n=130) p
Age (mean, SD) 64.28 (6.22) 62.51(7.37) 63.39 (6.85) 0.14°
Education, n (%) 0.73¢
High school or less 24 (36.92) 19 (29.23) 43 (33.08) 0.42°
Postsecondary diploma 18 (27.69) 25 (38.46) 43 (33.08)
University degree 21 (32.31) 20 (30.77) 41 (31.53)
Missing 2(3.08) 1(1.54) 3(2.31)
PSA at randomization (ng/mL; mean, SD) 8.74 (9.33) 6.64 (5.53) 7.69 (7.71) 0.19¢
Biopsy Gleason, n (%) 0.03°
7 (3+4), grade group 2 31 (47.69) 41 (63.08) 72 (55.38)
7 (4+3), grade group 3 17 (26.15) 18 (27.69) 35(26.92)
8, grade group 4 13 (20.00) 5(7.69) 18 (13.85)
9, grade group 5 4(6.15) 1(1.54) 5(3.85)
Cancer stage n (%) 0.07°
T2a or less 52 (80.00) 59 (90.77) 111 (85.38)
T2b or T2¢ 4(6.15) 3(4.62) 7 (5.38)
T3 or more 9(13.85) 3(4.62) 12 (9.23)
NCCN risk, 1 (%) 0.04°
Intermediate 45(69.23) 55 (84.62) 100 (76.92)
High 20 (30.77) 10 (15.38) 30 (23.08)
Total n-3* (mean, SD) 7.40 (1.17) 7.40 (1.02) 7.40 (1.09) 0.98"
LCn-3* (mean, SD) 7.10 (1.16) 7.11 (1.02) 7.10 (1.09) 0.94°
EPA® (mean, SD) 0.73 (0.23) 0.80 (0.25) 0.76 (0.24) 0.03¢
Total n-6* (mean, SD) 26.44 (1.48) 26.61 (1.39) 26.52(1.43) 0.49°
n-3/n-6 ratio (mean, SD) 0.28 (0.06) 0.28 (0.05) 0.28 (0.06) 0.82"

Abbreviations: LCn-3, long chain omega-3 polyunsaturated fatty acids; MAG-EPA, monoacylglyceride-conjugated eicosapentaenoic acid; n-3, omega-3
polyunsaturated fatty acids; n-6, omega-6 polyunsaturated fatty acids; NCCN, National Comprehensive Cancer Network; PSA, prostate-specific antigen.

Fatty acid profile in red blood cell membranes of fasted patients is expressed as a percentage of total fatty acids, and measured at study baseline using gaz-

chromatography mass spectrometry.

T-test.

“Cochran-Mantel-Haenszel test excluding missing values.
dWwilcoxon test.

“Cochran-Mantel-Haenszel test.

101; V3: 106; V4: 108; V5: 106). As the pattern of results
was quite similar, we only report here findings obtained
with all available data.

3 | RESULTS

3.1 | Participants’ characteristics

On average, participants were 63.4years old (range: 41—
78; see Table 1). A majority was treated for a Stage T2a or
less tumor (85.4%), had a biopsy Gleason score of 7 (grade
group 2; 55.4%), and an intermediate NCCN risk clas-
sification (76.9%). Patients assigned to placebo had sig-
nificantly greater biopsy Gleason scores (p=0.03), tumor

aggressiveness (NCCN risk; p=0.04), and greater EPA
levels (p=0.03) at baseline than the MAG-EPA group. No
other significant between-group differences were found.
The proportions of patients with clinical levels of each
symptom at baseline are shown in Table 2.

3.2 | Treatment effects on psychological
variables (mean scores)

Linear mixed models with repeated measures revealed
significant time effects on HADS-D, HADS-A, FCRI, ISI,
FSI-number of days, and FACT-Cog-impact scores (see
Table 3). Post hoc analyses revealed a significant reduc-
tion in HADS-A scores between VO (M=5.66) and all
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TABLE 2 Proportion of patients with clinical levels of
symptoms at baseline.

MAG-EPA Placebo
Variable (n=65; %) (n=65; %)
HADS-D (>7) 9.5 13.9
PHQ-9 (>10) 6.3 1.5
HADS-A (27) 25.0 36.5
FCRI-Severity (13) 32.3 53.1
ISI (28) 34.4 43.8
FSI-Severity (>3) 44.4 48.4
FACT-COG-PCI (<54) 22.2 12.9

Abbreviations: FACT-Cog, Functional Assessment of Cancer Therapy—
Cognitive Function; FCRI, Fear of Cancer Recurrence Inventory; FSI,
Fatigue Symptom Inventory; HADS-A, anxiety subscale of the Hospital
Anxiety and Depression Scale; HADS-D, depression subscale of the Hospital
Anxiety and Depression Scale; ISI, Insomnia Severity Index; MAG-EPA,
monoacylglyceride-conjugated eicosapentaenoic acid; PCI, perceived
cognitive impairment; PHQ-9, Patient Health Questionnaire-9.

subsequent time points (M =4.07, 3.7, 3.65, 3.78, respec-
tively), a significant decline of FCRI scores between VO
and V2 (M =11.68 and 10.47, respectively) and subsequent
time points (M =8.85, 8.27, 8.48, respectively), and a sig-
nificant decrease of ISI scores from VO (M =7.00) and V2
(M=6.87) to V4 (M=5.59). However, no significant dif-
ferences across time points were found on HADS-D and
FSI-number of days scores after using a Bonferroni cor-
rection for multiple comparisons. No significant group,
time, or interaction effect was obtained on PHQ-9 scores
(ps=0.74, 0.10, 0.48, respectively) and other subscales of
the FSI and the FACT-Cog.

The FACT-Cog-Impact subscale was the only variable
on which a significant group-by-time interaction was
obtained, but post hoc analyses indicated a significant
change in the placebo group only with a greater score at V3
(M=15.02) as compared to VO (M=13.99), V2 (M=13.93),
and V4 (M=14.36), F (4, 123.4)=5.07, p<0.001. Of note,
effect sizes (ES) were calculated on the group-by-time in-
teraction effects obtained comparing VO and V5, on each
study variable. Except for Fear of Cancer Recurrence Inven-
tory (FCRI) scores (ES=0.36), effect sizes obtained were
all smaller than 0.20, thus all falling in the small effect
range. Moreover, for FCRI, scores reduction between VO
and V5 indicated a larger effect in the placebo than in the
intervention group.

3.3 | Treatment effects on proportion of
patients with clinical levels of symptoms

Generalized linear mixed models revealed significant
time effects on the proportion of patients having a clini-
cal anxiety (HADS-A) and FCR (FCRI) score. Post hoc
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comparisons showed that the proportion of patients with
clinical anxiety was significantly greater at VO (30.6%) as
compared to V3 (12.6%) and V5 (16.1%) and greater at V2
(25.4%) than V3 (12.6%). In addition, they revealed pro-
portions of clinically significant FCR which were signifi-
cantly higher at VO (42.2%) than V3 (26.3%), V4 (25.9%),
and V5 (23.6%). No significant time effect was found on
proportions of patients with clinical depression (HADS-D,
PHQ-9), insomnia (ISI), fatigue (FSI), cognitive impair-
ments (FACT-Cog), and no significant group-by-time in-
teraction was obtained on any variable.

3.4 | Treatments effects on
psychological variables (mean scores)
by presence/absence of clinical levels of
symptoms at baseline (see Data S1 for
details)

No significant group, time, or interaction effect was ob-
served on PHQ-9 and FACT-Cog scores as a function of
the presence/absence of clinical levels at baseline. HADS-
D scores significantly improved over time in patients with
clinically meaningful depression at baseline, but not in
patients without a clinical level of depression. However,
there was no difference in whether patients had received
MAG-EPA or placebo. For HADS-A, FCRI, ISI, and FSI, a
significant change over time was found both in those with
a clinical level and those with a nonclinical level at base-
line. Again, there was no difference between MAG-EPA
and placebo groups.

3.5 | Sensitivity analyses

Four (7.1%) of the MAG-EPA patients received adju-
vant treatment (i.e., hormone therapy and/or radiation
therapy) during the course of the study, as compared to
three patients (5.0%) in the placebo group. In addition, 7
MAG-EPA patients (12.5%) experienced disease progres-
sion (e.g., PSA >0.2ng/mL post-RP, biochemical relapse),
as compared to four patients (6.7%) in the placebo group.
Sensitivity analyses excluding these patients did not sig-
nificantly alter the study findings, nor its conclusions.

4 | DISCUSSION

The goal of this planned secondary analysis of a one-
year phase IIb RCT was to evaluate the effects of MAG-
EPA supplementation as compared to those of a placebo
(HOSO) on depression and other psychological symptoms
that are prevalent in men with prostate cancer. Findings
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TABLE 3 Least Squares Means (standard errors) of Scores Obtained on Each Symptom at Each Time Assessment and Results of Mixed
Models Analyses of Variance (ANOVAs).

ANOVAs
MAG-EPA (n=65) Control (n=65) Group Time Group X time
Variable M (SE) M (SE) F F F
HADS-D (0-21) 0.03 3.13* 0.84
Vo 2.8 (0.39) 3.2(0.37)
V2 3.0(0.33) 2.6 (0.34)
V3 2.5(0.30) 2.2(0.34)
V4 2.2(0.33) 2.4(0.31)
Vs 2.5(0.42) 2.3(0.32)
PHQ-9 (0-27) 0.12 1.97 0.87
A0} 2.5(0.41) 2.9 (0.36)
V2 2.6 (0.39) 2.8 (0.41)
V3 2.8 (0.52) 2.4(0.31)
V4 2.0 (0.31) 2.4(0.36)
V5 2.2(0.37) 2.2(0.38)
HADS-A (0-21) 2.52 13.67%%* 1.98
Vo 5.0 (0.56) 6.3 (0.44)
V2 4.0(0.51) 4.2(0.43)
V3 3.5(0.43) 4.0(0.34)
V4 3.0(0.37) 4.3(0.43)
V5 3.3 (0.45) 4.2(0.43)
FCRI-Severity (0-36) 0.63 13,90%*** 1.58
Vo 10.5 (0.4) 12.9 (0.83)
V2 10.0 (0.77) 10.9 (0.74)
V3 8.9 (0.74) 8.8 (0.73)
V4 8.2 (0.73) 8.4 (0.71)
V5 8.4(0.73) 8.6 (0.73)
ISI (0-28) 0.76 4.86%%* 0.35
Vo 6.7 (0.67) 7.3(0.67)
V2 6.2 (0.72) 7.5(0.68)
V3 5.8 (0.64) 6.4 (0.63)
V4 5.3(0.61) 5.9 (0.60)
V5 6.0 (0.69) 6.3 (0.68)
FSI-Severity (0-30) 0.34 1.51 0.51
VO 7.9 (0.68) 8.3 (0.68)
V2 7.6 (0.65) 8.0 (0.61)
V3 7.4 (0.62) 7.3 (0.60)
V4 6.6 (0.60) 7.6 (0.58)
V5 7.6 (0.70) 8.0 (0.68)
FSI-Impact (0-70) 0.00 1.34 2.43
\Y0) 9.1 (1.35) 8.9 (1.13)
V2 10.0 (1.45) 9.3(1.14)
V3 9.6 (1.44) 7.6 (0.88)
V4 7.0 (0.91) 8.8 (1.28)

V5 8.0 (1.34) 9.6 (1.42)
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TABLE 3 (Continued)

ANOVAs
MAG-EPA (n=65) Control (n=65) Group Time Group X time
Variable M (SE) M (SE) F F F
FSI-No of days (0-7) 1.33 2.48* 0.84
A0} 2.0 (0.26) 2.5(0.25)
V2 1.9 (0.28) 2.5(0.28)
V3 1.9 (0.25) 2.0 (0.25)
V4 1.7 (0.26) 2.0 (0.26)
V5 2.1(0.28) 2.3(0.28)
FSI-Extent (0-10) 1.05 0.81 1.18
A4 2.0 (0.26) 2.2(0.26)
V2 1.7 (0.23) 2.0(0.21)
V3 1.8 (0.20) 1.8 (0.20)
V4 1.7 (0.22) 2.2(0.21)
V5 1.8(0.22) 2.1(0.21)
FACT-Cog-PCI (0-72) 0.13 0.65 1.53
AY0) 61.9 (1.2) 61.8(1.2)
V2 62.8 (1.3) 61.4 (1.3)
V3 61.1(1.3) 62.0 (1.3)
V4 62.5(1.3) 61.3(1.3)
V5 63.0 (1.3) 61.9 (1.3)
FACT-Cog-Others 0.06 0.52 1.24
(0-16)
Vo 15.6 (0.20) 15.4 (0.18)
V2 15.5(0.15) 15.5(0.18)
V3 15.5(0.16) 15.7 (0.11)
V4 15.7 (0.11) 15.5(0.20)
V5 15.7(0.12) 15.6 (0.15)
FACT-Cog-PCA (0-28) 0.01 0.61 0.15
\Y0) 22.7 (0.86) 22.5(0.85)
V2 21.7 (0.95) 22.2(1.03)
V3 22.6 (0.91) 22.7(0.94)
V4 23.1(0.81) 22.5(0.92)
V5 23.2(0.82) 22.9(0.91)
FACT-Cog-Impact 0.03 3.03* 3.39*
(0-16)
VO 14.2 (0.40) 14.0 (0.40)
V2 13.5 (0.45) 13.9 (0.42)
V3 14.4 (0.28) 15.0 (0.27)
V4 14.8 (0.28) 14.4 (0.28)
V5 14.6 (0.36) 14.5 (0.36)

Abbreviations: Extent, how much of the day they felt fatigued; FACT-Cog, Functional Assessment of Cancer Therapy—Cognitive Function; FCRI, Fear of
Cancer Recurrence Inventory; FSI, Fatigue Symptom Inventory; HADS-A, anxiety subscale of the Hospital Anxiety and Depression Scale; HADS-D, depression
subscale of the Hospital Anxiety and Depression Scale; Impact, impact on quality of life; ISI, Insomnia Severity Index; Others, comments from others; PCA,
perceived cognitive abilities; PCI, perceived cognitive impairment; PHQ-9, Patient Health Questionnaire-9; VO, baseline; V2, 3months; V3, 6 months; V4,
9months; V5, 12months.

Note: *p <0.05; **p <0.01; ***p < 0.001; ****p <0.0001.
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revealed significant changes over time of several variables,
that is depression (assessed with HADS-D but not PHQ-
9), anxiety, FCR, insomnia, fatigue (number of days), and
cognitive functioning (impact), mainly at the beginning
of the study. However, patients who received MAG-EPA
did not show significantly greater changes than those on
placebo on any variable and at any time point. Omega-3
supplementation does not appear to improve depression
and other patient-reported outcomes in men with prostate
cancer treated with RP.

Comparing results with the previous literature is
challenging given significant differences in popula-
tions studied, and the dosage and composition of the
n-3 PUFA used (e.g., proportion and dosage of EPA and
DHA). Yet, results of this trial contradict prior evidence
showing reduced depression with n-3 supplementa-
tion in the general population despite the fact that our
supplements contained a larger amount of EPA and a
greater EPA:DHA ratio than most prior studies.”*™*> To
our knowledge, no other clinical trial has been con-
ducted on the effect of n-3 supplementation on depres-
sion in the context of cancer. However, our results are
consistent with those of Kiecolt-Glaser et al's RCTs
conducted in medical students*> and middle-aged and
older adults'” also having low levels of depression at
baseline and using a similar dosage (2.5 g/day; 2085 mg
EPA and 348 mg DHA). Together, this could suggest that
our participants were not symptomatic enough for us to
be able to detect a therapeutic effect (i.e., floor effect).
However, no greater effect of MAG-EPA over placebo
was found either in patients with clinical levels of de-
pression at baseline when analyzed distinctly from those
without. In fact, despite having low levels of depression
on average at baseline, participants showed a general
decrease in depressive symptoms whether they received
n-3 supplementation or not and whether they had or
not clinically significant depressive symptoms at base-
line, although to a larger extent in those with a clinical
level. Interestingly, the most recent Cochrane review of
clinical trials on the effects of n-3 PUFAs on depression,
which reviewed studies conducted in various popula-
tions, including some with adults having a medical co-
morbidity (e.g., cardiovascular disease), suggested that
there may be a “small-to-modest benefit” for depressive
symptoms that is “unlikely to be clinically meaningful
for patients with a major depressive disorder.”*® Overall,
it may be concluded that improvements in depression
symptoms observed in our study were most likely due
to non-specific therapeutic factors such as regression to
the mean or passage of time.

Prior evidence on effects of n-3 supplementation on
other symptoms was rather sparse and equivocal. Con-
sistent with RCTs conducted in individuals without

cancer,'®'”*’ the current study did not find a greater

effect of MAG-EPA over placebo on insomnia in men
with prostate cancer. However, our results contrast with
promising results obtained for the treatment of anxi-
ety disorders' and cognitive functioning'® in the gen-
eral population and cancer-related fatigue.”>"*’ Indeed,
omega-3 supplementation was not associated with sig-
nificantly greater improvements in anxiety and fatigue
as compared to placebo in this study, and for cognition,
the only significant group-by-time interaction was on
FACT-Cog-Impact scores. This result could be due to
multiple testing and be attributable to chance only, but
more importantly, simple effects indicated that a signifi-
cant improvement in FACT-Cog-Impact was found only
in the placebo group. As these symptoms were highly
prevalent at baseline, the lack of between-group dif-
ferences in changes over time cannot be attributed to a
floor effect. Another possible explanation for the lack
of larger effects for MAG-EPA, especially on cognitive
functioning, could be related to the content of capsules
used, which were composed of 80% of EPA and less than
10% of DHA. DHA is the main fatty acid in the brain,
and supplements of DHA at a dosage around 1800 mg/
day have been found to be related to improved cognitive
function in the general population.*** Also, we can-
not exclude a possible beneficial effect of the placebo,
composed of vegetal oil rich in n-9.** However, HOSO
is virtually neutral on inflammation (no inflammatory
metabolites have been identified) and has been used as
a placebo in many previous clinical trials.**~>" Again, it
would appear that the effect of nonspecific factors (e.g.,
passage of time) constitutes the most plausible explana-
tion for improvements that occurred over time in anxi-
ety, FCR, insomnia, and fatigue in the current study.

It is noteworthy that RP took place between VO and
V2 when most of the significant reductions were found.
Longitudinal studies have shown that depression, FCR,
and symptoms such as insomnia and perceived cogni-
tive impairments are at their highest point around the
time of cancer diagnosis and improve afterwards.®>*">
Although such natural remission may appear reassur-
ing, it remains important to offer effective interventions
to patients with significant psychological symptoms. In-
deed, a significant proportion of patients still had clini-
cal levels of anxiety (MAG-EPA: 14.2%; placebo: 18.3%),
FCR (MAG-EPA: 23.5%; control: 23.7%), insomnia
(MAG-EPA: 31.5%; placebo: 31.7%), and fatigue (MAG-
EPA: 37.6%; placebo: 40.9%) 12 months following RP. All
of these symptoms and even more when they are comor-
bid, are likely to negatively impact patients’ quality of
life and daily functioning.*®™®

This study has several strengths. Patients were re-
cruited in routine cancer care thus increasing the study's



SAVARD ET AL.

external validity. Symptoms were measured using val-
idated self-report scales. The one-year follow-up with
multiple time points and the use of placebo capsules
identical in appearance to MAG-EPA capsules are other
strengths. On the other hand, our participants had a
circulating n-6/n-3 ratio in red blood cell membranes
of 3.7 +0.68 (Western diet is typically around 16:1%°) at
baseline, thus possibly limiting the benefits that they
could get from n-3 supplementation. Also, the study was
initially powered to detect significant between-group
differences on a biological outcome and effect sizes of at
least a moderate magnitude.” Effect sizes of group-by-
time interactions obtained on psychological outcomes
were all of a much smaller magnitude (VO vs V5: smaller
than 0.20) and, when they were larger, they were not
in the expected direction (favored the placebo group),
thus limiting the likelihood that the lack of superiority
of MAG-EPA was due to the small sample size. The lack
of selection of participants based on significant symp-
toms levels is another weakness, which is however due
to the secondary nature of this analysis. In particular,
the small proportion of patients having clinically signif-
icant depression at study entry reduced the statistical
power and capacity to test decisively the antidepressant
effect of MAG-EPA in this population. In addition, the
randomization failed to allocate participants equally to
the two study groups on some relevant variables (i.e.,
NCCN risk classification, biopsy Gleason score, base-
line EPA levels). Although a statistical control was
performed, this remains a limitation as it raises ques-
tions as to whether an imbalance might have occurred
on other known and unknown confounding variables,
which would threaten the validity of the results. Lastly,
although counts of pills not used and returned to the
pharmacy did not differ across groups (compliance of
93.3% and 91.9% in MAG-EPA and placebo groups, re-
spectively),®® the extent to which participants actually
took the prescribed capsules is uncertain. However, the
measure of EPA levels in red blood cell membranes sug-
gests an adequate compliance.**!

In conclusion, results of this trial did not support the
efficacy of n-3 supplementation in alleviating depression,
anxiety, FCR, insomnia, fatigue, and subjectively assessed
cognitive impairments in men treated for prostate cancer
with RP. RCTs that specifically include patients with clini-
cal levels of depression and other symptoms are warranted.

AUTHOR CONTRIBUTIONS

Josée Savard: Conceptualization (supporting); data
curation (equal); formal analysis (lead); funding acqui-
sition (equal); methodology (equal); validation (equal);
visualization (equal); writing — original draft (lead);

. 20173
Cancer Medicine _ “WI LEYJ—

writing - review and editing (lead). Hanane Moussa:
Data curation (supporting); writing - original draft
(supporting); writing - review and editing (supporting).
Jean-Francois Pelletier: Data curation (supporting);
writing - original draft (supporting); writing — review and
editing (supporting). Pierre Julien: Data curation (sup-
porting); investigation (supporting); methodology (sup-
porting); writing - original draft (supporting); writing
- review and editing (supporting). Louis Lacombe: Data
curation (supporting); investigation (supporting); method-
ology (supporting); writing — original draft (supporting);
writing - review and editing (supporting). Rabi Tiguert:
Investigation (supporting); methodology (supporting);
writing - original draft (supporting); writing - review and
editing (supporting). Yves Caumartin: Data curation
(supporting); investigation (supporting); writing — origi-
nal draft (supporting); writing - review and editing (sup-
porting). Thierry Dujardin: Data curation (supporting);
investigation (supporting); writing — original draft (sup-
porting); writing — review and editing (supporting). Paul
Toren: Data curation (supporting); investigation (support-
ing); writing - original draft (supporting); writing - review
and editing (supporting). Pouliot Frédéric: Data curation
(supporting); investigation (supporting); writing — original
draft (supporting); writing — review and editing (support-
ing). Michele Lodde: Data curation (supporting); inves-
tigation (supporting); writing - original draft (supporting);
writing — review and editing (supporting). Yves Fradet:
Data curation (supporting); investigation (supporting);
writing — original draft (supporting); writing — review
and editing (supporting). Karine Robitaille: Concep-
tualization (supporting); data curation (supporting);
formal analysis (supporting); funding acquisition (sup-
porting); investigation (supporting); methodology (sup-
porting); project administration (supporting); resources
(equal); supervision (supporting); writing — original draft
(supporting); writing - review and editing (supporting).
Vincent Fradet: Conceptualization (equal); data curation
(equal); formal analysis (supporting); funding acquisition
(lead); investigation (lead); methodology (lead); project
administration (lead); resources (lead); supervision (lead);
writing — original draft (supporting); writing — review and
editing (supporting).

ACKNOWLEDGEMENTS

The authors are grateful to the participating men who
made this trial possible. The authors thank Dr Samuel
Fortin from SCF Pharma (Ste-Luce, QC) for providing
MAG-EPA and placebo HOSO capsules for this clinical
trial. Authors also thank Héléne Hovington for data man-
agement, as well as research nurses and research profes-
sionals for recruitment and patient care.



mll_wl LEY_Cancer Medicine

SAVARD ET AL.

FUNDING INFORMATION

This work was mainly supported by the Canadian Can-
cer Society (Grant #702569). It was also supported by the
Foundation of CHU de Québec-Université Laval. VF and
HM are supported by a Fonds de recherche du Québec—
Santé (FRQS) clinician scientist career grant and doctor-
ate scholarship, respectively.

CONFLICT OF INTEREST STATEMENT
The authors declare no conflict of interest related to this
work.

DATA AVAILABILITY STATEMENT

The dataset used and analyzed during the current study
is available from the corresponding author on reasonable
request

CLINICAL TRIAL REGISTRATION
NCT02333435.

ORCID
Josée Savard @ https://orcid.org/0000-0002-8052-1046
Paul Toren © https://orcid.org/0000-0002-5762-5787

REFERENCES

1. Canadian Cancer Society. What Is Prostate Cancer? 2021.
Accessed February 1, 2023. https://cancer.ca/en/cancer-infor
mation/cancer-types/prostate/what-is-prostate-cancer

2. National Cancer Institute. Cancer Stat Facts: Prostate Cancer.
2022. Accessed February 1, 2023. https://seer.cancer.gov/statf
acts/html/prost.html

3. Rawla P. Epidemiology of prostate cancer. World J Oncol.
2019;10(2):63-89.

4. Watts S, Leydon G, Birch B, et al. Depression and anxiety in
prostate cancer: a systematic review and meta-analysis of prev-
alence rates. BMJ Open. 2014;4(3):e003901.

5. Langston B, Armes J, Levy A, Tidey E, Ream E. The preva-
lence and severity of fatigue in men with prostate cancer:
a systematic review of the literature. Support Care Cancer.
2013;21:1761-1771.

6. Savard J, Ivers H, Villa J, Caplette-Gingras A, Morin CM.
Natural course of insomnia comorbid with cancer: an 18-
month longitudinal study. J Clin Oncol. 2011;29(26):3580-3586.

7. Treanor C, Li J, Donnelly M. Cognitive impairment among
prostate cancer patients: an overview of reviews. Eur J Cancer
Care. 2017;26(6):€12642.

8. Grosso G, Micek A, Marventano S, et al. Dietary n-3 PUFA,
fish consumption and depression: a systematic review and
meta-analysis of observational studies. J Affect Disord.
2016;205:269-281.

9. Hoffmire CA, Block RC, Thevenet-Morrison K, van Wijngaarden
E. Associations between omega-3 poly-unsaturated fatty acids
from fish consumption and severity of depressive symptoms:
an analysis of the 2005-2008 National Health and Nutrition
Examination Survey. Prostaglandins Leukot Essent Fatty Acids.
2012;86(4-5):155-160.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Liu JJ, Galfalvy HC, Cooper TB, et al. Omega-3 polyunsat-
urated fatty acid (PUFA) status in major depressive dis-
order with comorbid anxiety disorders. J Clin Psychiatry.
2013;74(7):13299-13738.

Panagiotakos DB, Mamplekou E, Pitsavos C, et al. Fatty acids
intake and depressive symptomatology in a Greek sample: an
epidemiological analysis. J Am Coll Nutr. 2010;29(6):586-594.
Beydoun MA, Fanelli Kuczmarski MT, Beydoun HA, Hibbeln
JR, Evans MK, Zonderman AB. o-3 fatty acid intakes are in-
versely related to elevated depressive symptoms among United
States women. J Nutr. 2013;143(11):1743-1752.

Bozzatello P, Brignolo E, De Grandi E, Bellino S.
Supplementation with omega-3 fatty acids in psychiatric disor-
ders: a review of literature data. J Clin Med. 2016;5(8):67.

Liao Y, Xie B, Zhang H, He Q, Guo L, Subramaniapillai M.
Efficacy of omega-3 PUFAs in depression: a meta-analysis.
Transl Psychiatry. 2019;9(1):190.

Hallahan B, Ryan T, Hibbeln JR, et al. Efficacy of omega-3
highly unsaturated fatty acids in the treatment of depression.
BrJ Psychiatry. 2016;209(3):192-201.

Guthrie KA, Larson JC, Ensrud KE, et al. Effects of pharma-
cologic and nonpharmacologic interventions on insomnia
symptoms and self-reported sleep quality in women with hot
flashes: a pooled analysis of individual participant data from
four MSFLASH trials. Sleep. 2018;41(1):zsx190.

Kiecolt-Glaser JK, Belury MA, Andridge R, Malarkey WB,
Hwang BS, Glaser R. Omega-3 supplementation lowers inflam-
mation in healthy middle-aged and older adults: a randomized
controlled trial. Brain Behav Immun. 2012;26(6):988-995.

Su K-P, Tseng P-T, Lin P-Y, et al. Association of use of omega-3
polyunsaturated fatty acids with changes in severity of anxiety
symptoms: a systematic review and meta-analysis. JAMA Netw
Open. 2018;1(5):€182327.

Marti A, Fortique F. Omega-3 y deterioro cognivo: una revision
sistematica. Nutr Hosp. 2019;36(4):939-949.

Kobayakawa M, Yamawaki S, Hamazaki K, Akechi T, Inagaki
M, Uchitomi Y. Levels of omega-3 fatty acid in serum phospho-
lipids and depression in patients with lung cancer. BrJ Cancer.
2005;93(12):1329-1333.

Okubo R, Noguchi H, Hamazaki K, et al. Association between
blood polyunsaturated fatty acid levels and depressive symp-
toms in breast cancer survivors. Prostaglandins Leukot Essent
Fatty Acids. 2018;139:9-13.

Okubo R, Noguchi H, Hamazaki K, et al. Fear of cancer recur-
rence among breast cancer survivors could be controlled by
prudent dietary modification with polyunsaturated fatty acids.
J Affect Disord. 2019;245:1114-1118.

Fabian CJ, Kimler BF, Hursting SD. Omega-3 fatty acids for
breast cancer prevention and survivorship. Breast Cancer Res.
2015;17(1):62.

Orchard TS, Gaudier-Diaz MM, Weinhold KR, Courtney
DeVries A. Clearing the fog: a review of the effects of dietary
omega-3 fatty acids and added sugars on chemotherapy-
induced cognitive deficits. Breast Cancer Res Treat. 2017;161:
391-398.

Cerchietti LC, Navigante AH, Castro MA. Effects of eicosapen-
taenoic and docosahexaenoic n-3 fatty acids from fish oil and
preferential Cox-2 inhibition on systemic syndromes in patients
with advanced lung cancer. Nutr Cancer. 2007;59(1):14-20.


https://orcid.org/0000-0002-8052-1046
https://orcid.org/0000-0002-8052-1046
https://orcid.org/0000-0002-5762-5787
https://orcid.org/0000-0002-5762-5787
https://cancer.ca/en/cancer-information/cancer-types/prostate/what-is-prostate-cancer
https://cancer.ca/en/cancer-information/cancer-types/prostate/what-is-prostate-cancer
https://seer.cancer.gov/statfacts/html/prost.html
https://seer.cancer.gov/statfacts/html/prost.html

SAVARD ET AL.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Sanchez-Lara K, Turcott JG, Juarez-Hernandez E, et al. Effects
of an oral nutritional supplement containing eicosapentaenoic
acid on nutritional and clinical outcomes in patients with ad-
vanced non-small cell lung cancer: randomised trial. Clin Nutr.
2014;33(6):1017-1023.

Zick SM, Colacino J, Cornellier M, Khabir T, Surnow K,
Djuric Z. Fatigue reduction diet in breast cancer survivors:
a pilot randomized clinical trial. Breast Cancer Res Treat.
2017;161:299-310.

Peppone LJ, Inglis JE, Mustian KM, et al. Multicenter random-
ized controlled trial of omega-3 fatty acids versus omega-6 fatty
acids for the control of cancer-related fatigue among breast can-
cer survivors. JNCI Cancer Spectr. 2019;3(2):pkz005.

Guertin M-H, Robitaille K, Pelletier J-F, et al. Effects of con-
centrated long-chain omega-3 polyunsaturated fatty acid sup-
plementation before radical prostatectomy on prostate cancer
proliferation, inflammation, and quality of life: study protocol
for a phase IIb, randomized, double-blind, placebo-controlled
trial. BMC Cancer. 2018;18(1):1-10.

Robitaille KGM, Jamshidi A, Wen Xu H, et al. A random-
ized placebo-controlled trial testing long-chain omega-3
fatty acid supplementation on prostate cancer agressiveness.
Communications Medicine. 2023. Communications Medicine is
from Nature Portfolio.

Moussa H, Robitaille K, Pelletier JF, et al. Effects of concen-
trated long-chain omega-3 polyunsaturated fatty acid supple-
mentation on quality of life after radical prostatectomy: a phase
II randomized placebo-controlled trial (RCT-EPA). Nutrients.
2023;15(6):1369.

Moreel X, Allaire J, Léger C, et al. Prostatic and dietary omega-3
fatty acids and prostate cancer progression during active sur-
veillance. Cancer Prev Res (Phila). 2014;7(7):766-776.

Moussa H, Nguile-Makao M, Robitaille K, et al. Omega-3 fatty
acids survey in men under active surveillance for prostate cancer:
from intake to prostate tissue level. Nutrients. 2019;11(7):1616.
Canada H. Monograph: Fish Oil. 2018. Accessed February
1, 2023. http://webprod.hc-sc.gc.ca/nhpid-bdipsn/monoReq.
do?id=88&lang=eng

Zigmond AS, Snaith RP. The hospital anxiety and depression
scale. Acta Psychiatr Scand. 1983;67(6):361-370.

Savard J, Laberge B, Gauthier JG, Ivers H, Bergeron MG.
Evaluating anxiety and depression in HIV-infected patients. J
Pers Assess. 1998;71(3):349-367.

Kroenke K, Spitzer RL, Williams JB. The PHQ-9: valid-
ity of a brief depression severity measure. J Gen Intern Med.
2001;16(9):606-613.

Simard S, Savard J. Fear of Cancer Recurrence Inventory:
development and initial validation of a multidimensional
measure of fear of cancer recurrence. Support Care Cancer.
2009;17(3):241-251.

Simard S, Savard J. Screening and comorbidity of clinical levels
of fear of cancer recurrence. J Cancer Surviv. 2015;9(3):481-491.
Morin CM. Insomnia: Psychological Assessment and
Management. Guilford press; 1993.

Savard MH, Savard J, Simard S, Ivers H. Empirical validation of
the Insomnia Severity Index in cancer patients. Psychooncology.
2005;14(6):429-441.

Hann DM, Jacobsen PB, Azzarello LM, et al. Measurement of
fatigue in cancer patients: development and validation of the
Fatigue Symptom Inventory. Qual Life Res. 1998;7(4):301-310.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

. 20175
Cancer Medicine _ “WI LEYJ—

Donovan KA, Jacobsen PB, Small BJ, Munster PN,
Andrykowski MA. Identifying clinically meaningful fatigue
with the Fatigue Symptom Inventory. J Pain Symptom Manage.
2008;36(5):480-487.

Dyk KV, Crespi CM, Petersen L, Ganz PA. Identifying cancer-
related cognitive impairment using the FACT-cog perceived
cognitive impairment. JNCI Cancer Spectr. 2020;4(1):pkz099.
Kiecolt-Glaser JK, Belury MA, Andridge R, Malarkey WB,
Glaser R. Omega-3 supplementation lowers inflammation and
anxiety in medical students: a randomized controlled trial.
Brain Behav Immun. 2011;25(8):1725-1734.

Appleton KM, Voyias PD, Sallis HM, et al. Omega-3 fatty
acids for depression in adults. Cochrane Database Syst Rev.
2021;11(11):Cd004692.

Cohen LS, Joffe H, Guthrie KA, et al. Efficacy of omega-3
treatment for vasomotor symptoms: a randomized controlled
trial: omega-3 treatment for vasomotor symptoms. Menopause.
2014;21(4):347-354.

Farag MA, Gad MZ. Omega-9 fatty acids: potential roles in in-
flammation and cancer management. J Genet Eng Biotechnol.
2022;20(1):48.

Pot GK, Brouwer IA, Enneman A, Rijkers GT, Kampman E,
Geelen A. No effect of fish oil supplementation on serum in-
flammatory markers and their interrelationships: a randomized
controlled trial in healthy, middle-aged individuals. Eur J Clin
Nutr. 2009;63(11):1353-1359.

de Roos B, Geelen A, Ross K, et al. Identification of potential
serum biomarkers of inflammation and lipid modulation that
are altered by fish oil supplementation in healthy volunteers.
Proteomics. 2008;8(10):1965-1974.

Ottestad I, Vogt G, Retterstol K, et al. Oxidised fish oil does not
influence established markers of oxidative stress in healthy
human subjects: a randomised controlled trial. Br J Nutr.
2012;108(2):315-326.

Savard J, Ivers H. The evolution of fear of cancer recurrence
during the cancer care trajectory and its relationship with can-
cer characteristics. J Psychosom Res. 2013;74(4):354-360.

Heo J, Noh OK, Chun M, Oh YT, Kim L. Psychological distress
among prostate cancer survivors in South Korea: a nationwide
population-based, longitudinal study. Asia Pac J Clin Oncol.
2020;16(2):125-e130.

Krebber AM, Buffart LM, Kleijn G, et al. Prevalence of de-
pression in cancer patients: a meta-analysis of diagnos-
tic interviews and self-report instruments. Psychooncology.
2014;23(2):121-130.

Shin DW, Lee SH, Kim TH, et al. Health-related quality of
life changes in prostate cancer patients after radical pros-
tatectomy: a longitudinal cohort study. Cancer Res Treat.
2019;51(2):556-567.

Baden M, Lu L, Drummond FJ, Gavin A, Sharp L. Pain, fatigue
and depression symptom cluster in survivors of prostate cancer.
Support Care Cancer. 2020;28(10):4813-4824.

Charalambous A, Giannakopoulou M, Bozas E, Paikousis L.
Parallel and serial mediation analysis between pain, anxiety,
depression, fatigue and nausea, vomiting and retching within a
randomised controlled trial in patients with breast and prostate
cancer. BMJ Open. 2019;9(1):€026809.

van de Wal M, van Oort I, Schouten J, Thewes B, Gielissen M,
Prins J. Fear of cancer recurrence in prostate cancer survivors.
Acta Oncol. 2016;55(7):821-827.


http://webprod.hc-sc.gc.ca/nhpid-bdipsn/monoReq.do?id=88&lang=eng
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/monoReq.do?id=88&lang=eng

mll_wl LEY_Cancer Medicine

SAVARD ET AL.

Open Access.

59. Simopoulos AP. An increase in the omega-6/omega-3 fatty acid
ratio increases the risk for obesity. Nutrients. 2016;8(3):128.

SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Savard J, Moussa H,
Pelletier J-F, et al. Effects of omega-3
supplementation on psychological symptoms in men
with prostate cancer: Secondary analysis of a double-
blind placebo-controlled randomized trial. Cancer
Med. 2023;12:20163-20176. d0i:10.1002/cam4.6598



https://doi.org/10.1002/cam4.6598

	Effects of omega-­3 supplementation on psychological symptoms in men with prostate cancer: Secondary analysis of a double-­blind placebo-­controlled randomized trial
	Abstract
	1|INTRODUCTION
	2|METHOD
	2.1|Study design
	2.2|Participants
	2.2.1|Inclusion criteria
	2.2.2|Exclusion criteria
	2.2.3|Recruitment
	2.2.4|Randomization

	2.3|Procedure
	2.3.1|Assessments
	2.3.2|Intervention
	2.3.3|Measures

	2.4|Statistical analyses

	3|RESULTS
	3.1|Participants' characteristics
	3.2|Treatment effects on psychological variables (mean scores)
	3.3|Treatment effects on proportion of patients with clinical levels of symptoms
	3.4|Treatments effects on psychological variables (mean scores) by presence/absence of clinical levels of symptoms at baseline (see Data S1 for details)
	3.5|Sensitivity analyses

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	CLINICAL TRIAL REGISTRATION
	REFERENCES


