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ABSTRACT
Objectives To assess the effectiveness of Neuroaspis 
plp10 nutritional supplement when added to interferon 
(IFN)-β treatment in patients with relapsing- remitting 
multiple sclerosis (RRMS).
Design A 30- month phase III multicentre, randomised, 
double- blind, placebo- controlled trial. Randomisation 
stratified by centre using a computer- generated procedure 
with Neuroaspis plp10 versus placebo in 1:1 ratio. The 
first 6 months were used as both the pre- entry and 
normalisation period.
Setting 3 teaching hospitals in Greece and 1 Neurology 
Institute in Cyprus.
Participants 61 patients with RRMS on IFN-β were 
randomly assigned to receive Neuroaspis plp10 (n=32) or 
placebo (n=29), 20 mL, orally, once daily, for 30 months.
Intervention Neuroaspis plp10, a cocktail mixture, 
containing specific PUFA (12 150 mg) and γ-tocopherol 
(760 mg) versus virgin olive oil (placebo).
Main outcome measure The primary end point was the 
annual relapse rate (ARR) whereas the secondary ones were 
the rate of sustained progression of disability, as measured by 
the Expanded Disability Status Scale (EDSS) and the brain T2 
and gadolinium- enhancing lesions, at 2 years.
Results For the intention- to- treat analyses Neuroaspis 
plp10 significantly reduced the ARR by 80%, (RRR, 0.20; 
95% CI: 0.09 to 0.45; p=0.0001) and the risk of sustained 
progression of disability by 73% (HR, 0.27; 95% CI: 0.09 
to 0.83; p=0.022) versus placebo, at 2 years. The number 
of T1 gadolinium- enhancing lesions and the number of 
new/enlarged T2- hyperintense lesions were significantly 
reduced (p=0.01 and p<0.0001, respectively). Both T1- 
enhancing and new/enlarging T2- hyperintense lesions 
were significantly reduced (p=0.05 and p<0.0001, 
respectively). No significant adverse events were reported.
Conclusions Neuroaspis plp10 added to IFN-β was 
significantly more effective than IFN-β alone in patients 
with RRMS.
Trial registration number ISRCTN06166891.

INTRODUCTION
Relapsing- remitting multiple sclerosis 
(RRMS) is characterised by the development 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Eicosapentaenoic acid/docosahexaenoic acid (ome-
ga- 3) and linoleic acid/γ-linolenic acid (omega- 6) 
specific structural essential oil molecules are known 
for many years for their properties and relation to 
the biomechanisms involved in autoimmune, in-
flammatory, neurodegenerative chronic diseases 
but without real proof of significant efficacy.

 ⇒ Most patients prefer using supplementary and or 
alternative medical products because the existing 
disease- modifying therapies are associated with 
side effects and limited efficacy.

WHAT THIS STUDY ADDS
 ⇒ This is the first well- studied formulation (Neuroaspis 
plp10) based on specific nutritional essential oil 
molecules and specific vitamins that have been 
tested by different clinical studies, now with a small 
randomised, double- blind phase III trial and espe-
cially through a robust well- defined protocol.

 ⇒ For the first time, a nutritional formulation has been 
proved to promote significantly reduced annual re-
lapse rate and the risk of sustained disability pro-
gression, supported by MRI findings and without any 
serious side effects.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ This study might affect the overall practice and poli-
cy for the use of specific suppliments and nutraceu-
ticals in the treatment and prevention of different 
serious and or chronic diseases when are appro-
preatly formulated and tested.
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of inflammatory lesions in the central nervous system 
(CNS), resulting in demyelination and axonal loss.

Many different dynamic processes are involved and 
simultaneously coordinated for MS pathogenesis. Oligo-
dendrocytes, the myelin- forming cells of the CNS, are 
target cells in the pathogenesis of MS, but the exact aeti-
ology is unknown. Pathological mechanisms that seem 
to be involved in MS include immune- mediated inflam-
mation, oxidative stress and excitotoxicity.1 These mech-
anisms can potentially contribute to oligodendrocyte 
and neuronal damage and cell death, leading to disease 
progression.

Polyunsaturated fatty acids (PUFAs), such as the 
omega- 3 eicosapentaenoic acid (EPA) and docosahex-
aenoic acid (DHA), are the most abundant structural 
components of the neural tissue and play a fundamental 
role in the development and the proper functioning of 
the nervous system. The PUFA composition of membrane 
phospholipids are involved in a variety of cellular and 
multicellular processes, including inflammation and 
immunity, with implications to diseases such as MS. The 
fatty acid composition of phospholipids determines the 
biophysical and functional characteristics of the cellular 
membranes such as ‘fluidity’, transport, polarity and plays 
an important role in cellular integrity and intracellular 
and intercellular communication.2

PUFA and antioxidant deficiencies have been reported 
in patients with MS.3 Both antioxidants, vitamin E and 
γ-tocopherol are efficiently implicated in trapping reac-
tive oxygen and nitrogen oxide radicals,4 respectively, and 
both exert non- antioxidant properties, including modu-
lation of cell signalling, regulation of specific gene tran-
scription, modulation of immune function and induction 
of apoptosis.5 6

In vitro, in vivo and ex vivo studies have demonstrated 
that diet EPA/DHA omega- 3 and omega- 6 linoleic acid 
(LA)/γ-linolenic acid (GLA) may be implicated and 
modulate many of the known complex pathways in 
MS pathophysiology. Anti- inflammatory properties of 
omega- 3 and omega- 6 PUFAs include competitive inhibi-
tion of arachidonic acid (AA) and its metabolites that can 
be involved in promoting inflammation7; they promote 
production of anti- inflammatory prostaglandins, throm-
boxanes and can inhibit production of proinflamma-
tory cytokines8; they promote reduction of the level of 
the proinflammatory interleukin- 1, interleukin- 1-α and 
tumour necrosis factor.9 10 They have also been reported 
to produce lipoxins and modify the cytoskeletal compo-
nents, thereby inhibiting the ability of leucocytes for 
migration.11 12 Omega- 3 PUFAs inhibit the expression 
of the nuclear transcription factor, κ-B that is involved 
in the production of inflammatory cytokines, chemok-
ines and various adhesion molecules with crucial roles 
in MS.13–15 Resolvins and protectins are derived from 
omega- 3 PUFAs through lipooxygenase- mediated mecha-
nisms16 17 and promote control of inflammation in neural 
tissues by activating G- protein- coupled receptors,18 inhi-
bition of neutrophil, reduction of tumour necrosis factor 

expression, interferon (IFN)-α production and T- cell 
apoptosis.17 In vitro, T- cell proliferation in acute and 
chronic inflammation can be reduced by supplementa-
tion with either omega- 6 or omega- 3 PUFA.19 Further-
more, DHA prevented dendritic cell maturation and 
CD4+ T cell stimulation and differentiation, in an animal 
model of MS.20

Culture cell- line experimental studies report that cyclo-
oxigenase- 2 participates in the formation of electrophilic 
fatty acid derivatives of the omega- 3 fatty acids in activated 
macrophages21 which in turn are implicated in the activa-
tion of the nuclear respiratory factor 2 that induces the 
transcription of a number of protective genes. Τhe elec-
trophilic fatty acids activate the peroxisome proliferator- 
activated receptor (PPAR)γ for anti- inflammatory 
response. Omega- 3 PUFAs and their eicosanoid deriva-
tives are thought to possess strong PPAR-α- agonist prop-
erties on T cells in humans. This event has been shown to 
be neuroprotective in experimental animal models.22–24

Animal studies report that retinol X receptor (RXR)γ 
is a positive regulator of the endogenous oligodendro-
cyte precursor cell differentiation and remyelination.25 
EPA and DHA have neuroprotective effects, are endog-
enous ligands of RXRs and PPAR and have been found 
to increase neurogenesis in old rats.26 27 DHA may block 
depolarisation- induced increased glutamate efflux and 
the activation of glutamate receptors leading to excito-
toxicity, partly through inhibition of voltage- sensitive Na+ 
and Ca2+ channels.28 In vitro, omega- 3 PUFAs have been 
shown to prevent neuronal accumulations of Ca2+, which 
can trigger a destructive cellular cascade of events that 
leads to neuronal damage and death.28 In vitro, omega- 6 
PUFAs can alter the function of oligodendrocytes by 
affecting their membrane composition.29 Membrane 
depolarisation affects protein phosphorylation of myelin 
basic protein in oligodendrocytes, an important event 
in myelination.30 DHA is reported as neuroprotective 
against excitotoxicity, inflammation and oxidative stress.28 
Recent data report that dietary intake of a preformed 
DHA supplement is more effective in reaching the brain 
and achieving neuroprotection in an animal model of 
PD.31 PUFAs might also interfere with the production of 
certain matrix metalloproteinases that can be the cause of 
disruption of the brain–blood barrier,32 but they can also 
stimulate the production of molecules involved in myelin-
ogenesis.33 Thus, the action mechanisms of the omega- 3 
PUFAs may most likely be considered as holistic, multi-
factorial and may be related to a number of cellular and 
molecular effects in CNS.

At present, agents used in MS seem to be partially effec-
tive and lack remyelinating and significant neuroprotec-
tive properties. Moreover, severe side effects have been 
reported to be associated with current RRMS treatments.34

The increasing incidence and prevalence of MS and 
the long- term sequelae of the disease urges the need 
for the development of new treatments to prevent 
activity and disability progression in patients with this 
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condition. Based on the above research findings, the 
afore- mentioned specific dietary antioxidants and 
specific omega- 3 and omega- 6 PUFA fulfil the biological 
criteria and have the potential to affect disease activity 
and progression.1 35 36 The inconsistent data available 
from clinical trials performed to date on PUFA dietary 
interventions as complementary therapies for MS are 
the result of several notable limitations including supple-
ment optimal dosing, design and selection of outcome 
measures.37 38

In 2013, we have published the results of a proof- of- 
concept clinical trial39 based on a dietary cocktail formula 
preparation using the exact same ingredients, formula-
tion and dosing as now named ‘Neuroaspis plp10’ dietary 
intervention, with promising outcome and statistically 
significant; reducing the annual relapse rate (ARR) and 
the risk of sustained disability progression. With this study, 
we are reporting the results of a phase III, multicentre, 
double- blind, randomised, placebo- controlled clinical 
trial of efficacy and safety, the MINERAL Study, using the 
Neuroaspis plp10 dietary supplement.

METHODS
Patients
According to the study protocol, for a two- sided type I 
error (α) of 0.05 and 80% power with a possible 35% 
dropout, 220 patients (110 per treatment arm) would 
be needed to be enrolled. That power calculation incor-
porates a Bonferroni adjustment in order to account 
for there being two primary end points. The sample 
size is based on the efficacy of IFNs on the MRI lesions 
and assumes that plp10 will reduce a 2- year percentage 
of patients with disease progression by 60%. Finally, it 
assumes that the time to disability progression will be 
analysed via the Cox proportional hazards model.

However, during the enrolment process, changes in the 
international clinical practice guidelines made it difficult 
to enrol patients in accordance with the study protocol. 
Thus, a post- hoc power calculation was performed in order 
to readjust the study sample size based on the current 
enrolment rate and using the ARR as the model input. 
Assuming an ARR for the intervention group equal to 0.4 
and for the control group equal to 1.04, 27 patients per 
group would be required in order to achieve 80% power 
for a two- sided type I error (α) of 0.05 based on a Poisson 
model.39 40 Out of 61 eligible patients, 32 patients were 
randomly assigned to receive Neuroaspis plp10, a cocktail 
mixture of specific PUFA and γ-tocopherol and 29–205 
receive placebo from January 2016 to 31 December 2018. 
The first 6 months for each enrolled patient was used as 
the normalisation period, while the rest 24 months was 
considered as the main study duration. All patients gave 
written informed consent.

The study protocol (ISRCTN06166891) was developed 
by the investigators. Study data per patient were reported 
and filed by the assigned examining/treating physicians at 
the involved sites through the central trial data- collection 

platform designed exclusively for the trial using a specific 
confidential per site- access- code. Data from all sites were 
finally received by the independent team of statisticians 
for analyses and results.

Enrolment was limited to men and women between 
the ages of 18 and 55 years with the diagnosis of RRMS 
according to the revised 2010 McDonald criteria38; 
who had a score of 0.0–5.0 in the Expanded Disability 
Status Scale (EDSS), with higher scores indicating more 
severe disease; who had undergone MRI showing lesions 
consistent with MS; who had had at least one medically 
documented relapse within the 18 months before their 
recruitment in this study and who had been receiving 
IFN-β treatment at last for the last 6 continuous months. 
If a clinical documented relapse was reported during the 
normalisation period, the entry baseline EDSS for that 
patient was considered as the EDSS Score documented at 
least 4 weeks after the last relapse during that period. Exclu-
sion criteria were the use of prior immunosuppressant or 
monoclonal antibodies therapy, use of cytokine therapy 
in the last 3 months prior to randomisation, glatiramer 
acetate or intravenous immunoglobulins, or concomitant 
use of these treatments, pregnancy or nursing, any severe 
disease other than MS compromising organ function, 
a clinically significant infectious illness within 30 days 
prior to randomisation, history of recent drug or alcohol 
abuse, history of severe allergic or anaphylactic reactions 
or known specific nutritional hypersensitivity, consump-
tion of any additional food supplement formula (prior 
use in the 3 months preceding randomisation, of any type 
of vitamin including vitamin D, or 6 months preceding 
randomisation, of any form of PUFA, or concomitant use 
of these treatments), prior or concomitant use of statins. 
Patients with primary progressive or secondary progres-
sive disease were also excluded.

It was strongly suggested for the patients to continue 
only on the IFN-β treatment during the study duration. 
If a patient had to change disease- modifying treatment, 
then he/she was considered as a dropout, but continued 
to be medically followed.

Consumption of any additional food supplement 
formula, vitamin of any type or any form of PUFA 
supplement at any time during the trial was a reason 
for permanent discontinuation from the study. There 
were no other dietary intake restrictions. All dropouts 
continued to be medically followed and were strongly 
encouraged to remain in the study for follow- up assess-
ments even if they had discontinued the assigned inter-
vention formula. The intention- to- treat (ITT) population 
was defined as all randomised patients who had available 
data. The per- protocol population, used as a sensitivity 
analysis, was defined as all randomised patients who 
completed the follow- up without deviations from the 
protocol. All patients who transitioned from RRMS to 
secondary progressive MS, during the study period, were 
also excluded by protocol from the analysis to eliminate 
dramatic changes of increasing disability without any 
relapses.
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Interventions
The daily oral dose of Neuroaspis plp10 dietary supple-
ment was 20 mL containing a cocktail mixture of EPA 
(about 1650 mg)/DHA (about 4650 mg)/GLA (about 
2000 mg)/LA (about 3850 mg)/total other omega- 3 
(about 600 mg)/total monounsaturated fatty acids (about 
1700 mg)+total saturated fatty acids (18:0 about 160 mg, 
16:0 about 650 mg)/vitamin A (about 0.6 mg)/vitamin E 
(about 22 mg) and pure γ-tocopherol (760 mg). Subjects 
were requested to consume supplement or placebo half 
hour before dinner.

The placebo was composed of pure virgin olive oil and 
was identical in colour, smell, shape, size and package to 
the Neuroaspis plp10 and both bottled in dark bottles 
under nitrogen bed. Both interventions contained food- 
grade citrus aroma (~3.5 mL) for palatability and taste 
reasons. The bottles were labelled with medication code 
numbers that were unidentifiable for patients as well as 
investigators. Both Neuroaspis plp10 and placebo were 
manufactured in Greece.

Study design, randomisation and blinding
The whole procedure followed the clinical trial guide-
lines as required by the Food and Drug Administration, 
according to the standards of the International Confer-
ence on Harmonization and the Committee for Medic-
inal Products for Human Use. The Clinical study was in 
agreement with the rules of Good Clinical Practice.

Subjects were randomly allocated into two groups per 
side to take either 20 mL dose of Neuroaspis plp10, dietary 
supplement formula or placebo for 30 months. Separate 
random scheme adopted for each centre (ie, randomisa-
tion stratified by centre). Randomisation was conducted 
by a computer- generated procedure that contained the 
two treatments in 1:1 ratio. Patients were allocated to the 
treatments according to the screening number ascending 
order.

The first 6 months were used as a normalisation period 
according to the protocol and previously published 
trial.39 This 6- month normalisation period would allow 
the interventions to exert their beneficial effect as oral 
PUFAs need 4–6 months to achieve pivotal action on 
immune and neural cells, correction of antioxidant defi-
ciencies and body PUFA redistribution, and an optimal 
normalisation of the EPA and DHA ratios.28 39 41 42 The 
study begun with patient’s enrolment on January 2016 
and it was completed on 31 December 2018. After the 
6- month ‘normalisation period’, there was a 24- month 
‘on treatment’ period, whose beginning was considered 
as the baseline.

Subjects were requested not to change their ordinary 
physical activity or dietary habits during the trial. All study 
personnel involved in the conduct of the study as well as 
the statisticians and the investigators were unaware of the 
treatment assignments throughout the study. Treating/
examining physician and patients were blinded to treat-
ment allocation.

The interventions were consumed orally every day, 30 
min before dinner by a dosage calibrated cup contin-
uously for 30 months. All participants were receiving a 
reminder at their cell phones every day at 18:00 hours. 
The adherence to the Neuroaspis plp10 treatment was 
further followed by asking patients to return the empty 
medication containers in order to be replaced on the 
appropriate preassigned date according to each patients’ 
stock (the supply was enough for 3- month consumption 
for each patient). The compliance to the IFN treatment 
was monitored and ensured internally by the patients’ 
follow- up system available in each one of the involved sites. 
Blood samples were collected from all enrolled patients 
for routine haematological and biochemical blood tests 
at enrolment, baseline, 6, 12, 18 and 24 months.

The interventions were used as supplements and adju-
vant therapies. Depending on the enrolled patient’s clin-
ical status and in accordance with common practice, they 
continued to receive their indicated regular treatment, 
with persistent evaluation for any side effects and adverse 
events.

Study procedures and end points
At each study site, one examining neurologist was desig-
nated along with one substitute for special occasions, 
when needed. Examining neurologists performed objec-
tive evaluation with the use of the EDSS. The same physi-
cian, as best as possible, maintained the role of treating 
neurologist for a given subject throughout the study and 
the same person maintained the role of examining neurol-
ogist for a given subject throughout the study. The same 
neurologists were responsible for all aspects of patient 
care, including the management of adverse events and 
the treatment of relapses. The involved neurologists were 
experienced, trained to standardise EDSS scoring proce-
dures and a common approach has been discussed and 
agreed over a teleconference meeting. The physicians 
were not in contact with patients in any other capacity.

Neurological and clinical assessments were scheduled 
at enrolment, baseline and every 6 months on treatment. 
The patients were also examined by the assigned neurol-
ogists at unscheduled visits within 48 hours after the onset 
of new or recurrent neurological symptoms (table 1).

At 2 years ‘on treatment’, primary end point was the 
ARR. A relapse was defined as new or recurrent neuro-
logical symptoms not associated with fever or infection 
that lasted for at least 24 hours and was accompanied 
by new neurological signs or worsening of pre- existing 
symptoms (that had been stable for at least 1 month). 
To constitute a confirmed relapse, the symptoms should 
be accompanied by an increase of at least half a point in 
the EDSS Score, of one point in at least two EDSS func-
tional system scores (FSS) or of two points in one EDSS 
FSS. The annualised relapse rate for each treatment 
group was calculated as the total number of confirmed 
relapses divided by the total number of the days on study, 
multiplied by 365.25. Relapses were treated with methyl-
prednisolone at a dose of 1 g intravenous per day for 3 
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days, followed by prednisone orally at a dose of 1 mg/
kg of weight per day on a tapering scheme for 3 weeks, 
according to the protocol. The key secondary end point 
was the time to confirmed disability progression, defined 
as an increase of 1.0 point on the EDSS from a baseline 
score of 1.0 or more or an increase of 1.5 or more from 
a baseline score of 0.0, confirmed after 6 months, with 
an absence of an ongoing relapse at the time of assess-
ment and with all EDSS scores measured during that time 
meeting the criteria for disability progression. The final 
EDSS Score was confirmed 6 months after the end of the 
study. Another secondary end point was the number of 
T1- enhancing lesions, and the number of new/enlarged 
hyperintense lesions on T2- weighted MRI of the brain 
scans at the end of the study in comparison to the corre-
sponding ones from the enrolment period. The neurolo-
gists were responsible for the review of any adverse or side 
effects, examined patients and made all medical deci-
sions. Patients were able to contact their corresponding 
neurologist at any time if there was any adverse event, side 
effect or allergic reaction.

MRI had been performed locally at the participating 
centres on 1.5 T scanners according to a prespecified 
protocol provided by the central reading facility (neuroim-
aging research unit, division of neuroscience, IRCCS San 
Raffaele Scientific Institute, Milan, Italy). MRI parameters 
were assessed (using central reading) at enrolment and at 
30 months (end of study). The identification of white matter 
lesions was performed by consensus of two experienced 
observers, unaware of the assigned treatment and the volume 
of the identified lesions was measured using a semiauto-
mated segmentation technique based on local thresholding 
(Jim V.7.0; Xinapse System, Colchester, UK). The following 
MRI measures were produced: number of T1- enhancing 
lesions at baseline and at end of study, T1- enhancing lesion 
volume at baseline and at end of study; cumulative number 
of new/enlarging T2- hyperintense lesions at end of study 

versus baseline; and T2- hyperintense lesion volume at base-
line and at end of study.

Serious adverse events were defined as those resulted 
in admission to hospital, cause prolonged disability or 
death, or judged as life- threatening or otherwise medically 
significant.

Statistical analysis
The p values that are reported for most baseline demo-
graphic and disease characteristics were calculated by the 
Kruskal- Wallis H test. The unadjusted relapse rate was 
calculated as the total number of relapses divided by the 
total number of patient- years followed for each treatment 
group. Poisson regression was the main statistical method 
performed for the analysis of relapses and for the anal-
yses of the T1 and T2 brain lesions. A negative binomial 
regression was also used as a sensitivity analysis. Analyses 
were adjusted for: age, sex, years of diagnosis, baseline 
EDSS and relapses during normalisation period. Log- 
rank tests and Cox regression were used for the analysis 
of the proportion progressing (Kaplan- Meier) by analysis 
of the time until the onset of the progression of disability 
that was sustained over 24 weeks.

Dropouts
Dropouts at any time, including those subjects that never 
received the assigned interventions, were followed like all 
other participants.

Missing data handling
All patients who prematurely discontinued the study 
drug were encouraged to continue in the study until the 
end, regardless of the treatments received. ITT analyses 
included all randomised patients who had available infor-
mation. Imputation of missing data was based on the last 
observation carried forwards’ approach.

Table 1 Operation table scheme

Pre- entry and 
normalisation period (6 
months) On treatment period (24 months)

EDSS post- treatment 
confirmation
(6 months)

Enrolment*
(0)

Baseline*
(6)

6th month 12th month 18th month 24th month 6- month confirm†

MRI √ √

Assessment √ √ √ √ √ √ √

EDSS √ √ √ √ √ √ √

Relapses‡ Any Time

Haematological/
biochemical 
analyses

√ √ √ √ √ √

Green colour represents baseline.
*From Enrolment to Entry Baseline is the 6- month normalisation period.
†6 month EDSS confirmation period.
‡Relapses reported at any time they appear.
EDSS, Expanded Disability Status Scale.
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Patient and public involvement
Different studies with the specific intervention have been 
performed and completed, including a proof- of- concept 
trial resulting in different published papers. Results and 
data disseminated through brought media presentations, 
press releases, websites and with the patients, commu-
nity in general, and scientists be informed and aware. 
Moreover, different patients’ forums were discussing 
the present clinical trial when enrolment was initialised 
promoting participation.

RESULTS
Study population
This is a phase III, double- blind, randomised, placebo- 
controlled clinical trial study that specifies definite clin-
ical end points, in an attempt to demonstrate possible 
adjuvant therapeutic effects on disease- modifying 
therapy (DMT) in MS by a specific dietary/nutrition 
formula as previously described. Among the 61 patients, 
32 patients were randomly assigned to receive the dietary 
formula and 29 to receive placebo (figure 1). There 
were no significant differences in baseline characteristics 
between the treatment groups for the ITT (table 2) or 
the PP (online supplemental table 1) populations. Six 

Figure 1 Trial profile. ITT, intention- to- treat.

Table 2 Demographic, clinical and MRI baseline characteristics for the total randomised population (intention- to- treat (ITT) 
population) by treatment arm

Placebo Neuroaspis plp10

N
Mean±SD/median (IQR)/
N (%) Min Max N

Mean±SD/median (IQR)/
N (%) Min Max P value

Age 27 37.48±6.73 26 55 28 37.71±8.28 24 55 0.946

Sex (female) 27 16 (59.3) – – 28 17 (60.7) – – 0.912

Years of diagnosis 27 10.67±7.02 2 28 28 9.71±5.68 2 26 0.826

Weight (kg) 27 70.67±17.95 48 110 28 69.75±13.26 46 100 0.893

Height (cm) 27 169.11±10.30 155 206 28 168.68±8.63 155 183 0.986

EDSS Score visit 1 
(normalisation phase)

27 2.5 (2–3.5) 1 5 28 2 (1.5–2.75) 1 4 0.111

EDSS Score visit 2 (baseline) 27 3 (2–3.5) 1 5 27 2 (1.5–3) 1 4.5 0.100

Annualised relapse 
rate (estimated from 
normalisation phase)

27 0.30±0.74 0 2.23 28 0.4±1.05 0 3.8 1.000

Relapses at normalisation 
phase

27 28

  0 23 (85.19) – – 24 (85.71) – –

  1 4 (14.81) – – 3 (10.71) – – 1.000*

  2 0 (0) – – 1 (3.57) – –

Total number of T1- 
enhancing lesions

26 0.23±0.51 0 2 28 0.36±0.73 0 3 0.691

T1- enhancing lesion volume 
(mm3)

26 29.77±66.36 0 257 28 50.25±129.66 0 589 0.762

T2- hyperintense lesion 
volume (mm3)

27 6623.48±5692.45 185 24 763 28 5049.93±3833.54 488 14 
810

0.429

Percentages may not sum to 100 because of rounding.
*Fisher’s exact test.
EDSS, Expanded Disability Status Scale (range of scores, 0–10, with higher scores indicating more severe disease).;

https://dx.doi.org/10.1136/bmjno-2022-000334
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patients were lost to follow without ever been enrolled 
in the study and never consumed any of the interven-
tions. Three patients dropped out before baseline and 
one patient before the 6 months on treatment. A total of 
4 (6.5%) patients either withdrew consent (dropout) or 
lost in follow- up.

Efficacy
Relapse
In the ITT analyses, after 1 year of treatment, Neuroaspis 
plp10 reduced the ARR to 0.13 (95% CI: 0.44 to 0.89) 
relapse per year, as compared with 0.63 (95% CI: 0.05 to 
0.26) relapse per year in the placebo group with a corre-
sponding 80% relative reduction in the annualised rate 
of relapse produced by Neuroaspis plp10 that was main-
tained at 2 years (Relative rate reduction (RRR), 0.2; 
95% CI: 0.09 to 0.45; p<0.001) (the 2- year primary end 
point) (table 3). Analyses with adjustments for age, sex, 
years of diagnosis, baseline EDSS and relapses during 
normalisation period showed results consistent with the 
primary analysis. In the per protocol (PP) sensitivity anal-
ysis, Neuroaspis plp10 reduced the ARR to 0.00 (95% CI: 
0.00 to 0.10; relapse free) as compared with 0.68 (95% 
CI: 0.45 to 0.99) relapses per year in the placebo group 
(p<0.001) and it was maintained at 2 years (online supple-
mental table 2).

EDSS progression
A sustained progression of disability over 2 years (the 
2- year secondary end point) was significantly less likely in 
the Neuroaspis plp10 group than in the placebo group 
(figure 2). At 2 years, the cumulative probability of 
progression (on the basis of Kaplan- Meier analysis) was 
18.8% in the Neuroaspis plp10 group and 47.4% in the 
placebo group (HR, 0.27; 95% CI: 0.09 to 0.83; p=0.022), 
which represents a decrease of 28.6 percentage points or 
a relative 73% decrease in the risk of a sustained progres-
sion of disability with Neuroaspis plp10. In the (PP) sensi-
tivity analyses, at 2 years, all patients in Neuroaspis plp10 
group indicated no disability progression activity on the 
EDSS compared with the 55% cumulative probability of 
progression of the control group (online supplemental 
file 1).

MRI analysis
For ITT, Neuroaspis plp10 reduced the mean number of 
new/enlarging T2- hyperintense lesions over 30 months by 
51% (incidence rate ratio (IRR), 0.49; 95%CI: 0.38 to 0.62; 
p<0.0001) as compared with placebo (table 4). Neuro-
aspis plp10 reduced the mean number of Gd- enhancing 
lesions by 71% (IRR, 0.29; 95% CI: 0.11 to 0.76; p=0.011) 
as compared with placebo at 30 months (table 4). Similar 
results were observed for the PP sensitivity analyses for both 
new/enlarging T2- hyperintense lesions (0.29; 95% CI: 0.20 
to 0.41; p<0.0001) and Gd- enhancing lesions (0.29; 95% 
CI: 0.08 to 1.00; p=0.05) (online supplemental table 3).

Safety
Over the course of the 30- month study, no severe adverse 
events were reported.

Figure 2 Secondary end point, Expanded Disability 
Status Scale (EDSS) data analyses for the intention- to- treat 
population. Kaplan- Meier plots of the time to sustained 
progression of disability among patients receiving Neuroaspis 
plp10 as compared with placebo. Neuroaspis plp10 reduced 
the risk of sustained progression of disability by 73% over 
2 years (HR, 0.27; 95% CI: 0.09 to 0.83). The cumulative 
probability of progression was 18.8% in the Neuroaspis plp10 
and 47.4% in the placebo group.

Table 3 Primary end point as determined by clinical results for the intention- to- treat (ITT) population

N
Relapses 
in 2 years ARR (95% CI) Min Max IRR (95% CI) P value IRR (95% CI)* P value*

Placebo 27 34 0.63 (0.44 to 0.89) 0 2.50     

Neuroaspis 
plp10

28 7 0.13 (0.05 to 0.26) 0 1.05     

  Poisson 0.20 (0.09 to 0.45) 0.0001 0.22 (0.09 to 0.51) 0.0004

  Negative 
binomial

0.20 (0.09 to 0.46) 0.0002 0.22 (0.09 to 0.51) 0.0004

*Adjusted for: age, sex, years of diagnosis, baseline EDSS, relapses during normalisation.
ARR, annualised relapse rate; EDSS, Expanded Disability Status Scale; IRR, incidence rate ratio.

https://dx.doi.org/10.1136/bmjno-2022-000334
https://dx.doi.org/10.1136/bmjno-2022-000334
https://dx.doi.org/10.1136/bmjno-2022-000334
https://dx.doi.org/10.1136/bmjno-2022-000334
https://dx.doi.org/10.1136/bmjno-2022-000334
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DISCUSSION
MS is a chronic inflammatory multifactorial disease, 
where several different biochemical processes are simul-
taneously triggered and operating for the pathogenesis. 
Therefore, a much more dynamic and spherical approach 
has to be applied for simultaneous interference with 
all involved mechanisms and pathways that may poten-
tially result to a long and effective treatment, possibly 
through the concept of the so- called ‘nutritional systems 
biology’.39 On the other hand, in a clinical trial setting 
in particular, the outcome should consider reliable surro-
gate measure sensitive to disease evolution such that it 
provides an answer on therapeutic effect quickly and in 
small numbers of subjects. Most importantly, it should 
reflect and predict an important clinical outcome. In MS, 
this outcome is either of the following: (1) reduction in 
relapse rate and/or (2) reducing the accumulation of 
irreversible disability.43

The aim of the Magnetic Resonance Image of Nutra-
ceutical Efficacy on Relapsing- MS Autoimmune Lesions 
(MINERAL) Study was to investigate the increased effi-
cacy due to the Neuroaspis plp10 dietary formula when 
systematically administered as adjuvant therapy to IFN, 
primarily on the relapse rate and secondary on the 
progression of irreversible neurological disability associ-
ated with relapsing MS and on the change in the number 
of MS- related brain lesions. No other published data for 
such an adjuvant efficacy study for comparable parame-
ters were available. The results of the study support the 
hypothesis that Neuroaspis plp10, a cocktail mixture 
intervention of specific structural molecules, the omega- 3 
DHA and EPA, the omega- 6 LA and GLA and the antiox-
idant proteins specifically vitamin E (α- tocopherol) and 
pure γ-tocopherol in a specific high molecular concen-
tration can effectively contribute to the control of RRMS 
pathogenesis and progression. This can further support 
the hypothesis that all afore- mentioned molecules are 
possibly able to holistically interact on all levels of their 
side- of- action capabilities, including mostly the process of 
inflammation through promotion of the release of anti- 
inflammatory cytokines and the control of the release 
of proinflammatory cytokines by inhibiting the action of 
the inflammatory initiator molecule, the AA, an omega- 6 
PUFA and by quenching the overexpressed free radicals 
(hydro and nitro oxides) produced by the disease ongoing 
uncontrolled process of inflammation.39 As a result, the 
disruption of these processes and the resultant attenua-
tion of inflammation may be beneficial to patients.

In patients with RRMS, Neuroaspis plp10 significantly 
reduced the risk of progression of disability and the ARR 
over 2 years of treatment. The effect of Neuroaspis plp10 
was profound within 6 months after consumption and 
was sustained. In addition, efficacy was observed in terms 
of all secondary end points (73% reduction in EDSS for 
disease risk of disability progression and 71% reduction 
in incidence rate of lesions as detected by T2- weighted 
MRI and a 51% reduction in incidence rate of lesions as 
detected by T1- Gd- enhanced MRI) and all sensitivity anal-
yses of the primary end points, indicating the robustness 
of the result.

DMTs have become the cornerstone of treatment for 
patients with RRMS. The IFN-β products and glatiramer 
acetate have shown that these agents reduce the annual-
ised rate of relapse by about one third.44–47 In addition, 
neither IFN-β- 1b nor glatiramer acetate had statistically 
significant effects on the progression of disability in 
patients with relapsing disease.45 46 All new drugs available 
for the treatment of RRMS are well studied and associ-
ated with a considerable means of effectiveness on both 
relapses, disability progression and brain lesions evolu-
tion, but are associated with considerable side effect.47–49 
But, up to now, there is no intervention classified as food 
supplement and or as nutraceutical formulation that 
could be used effectively as an adjuvant to the existing 
RRMS treatments. The results of this study suggest that 
Neuroaspis plp10 may offer greater benefit to patients 
with RRMS when used as an adjuvant to the existing 
RRMS treatments.

The Neuroaspis plp10 formulation ingredients support 
completely different mechanisms of action than any of the 
currently approved RRMS treatments. This formulation 
may constitute a totally new approach in MS management 
probably by synergistically and simultaneously interfering 
on various major mechanisms and metabolic pathways 
involved in MS- related CNS inflammation, pathogenesis 
and disease evolution.

With much degree of a welcoming surprise for a second 
time (beside the previous reported proof of concept clin-
ical trial findings), we have reached the conclusion that 
with this novel oral treatment formulation, associated with 
no significant side effects, as adjuvant to the previously 
considered ‘first- line’ drugs such as IFN- 1b or similar (ie, 
glatiramer acetate) and possibly with the rest of the newer 
medications, we can introduce a safe and increased treat-
ment effect instead of the reported efficacy of the DMTs 
alone.39

Table 4 Secondary end point as determined by MRI evaluation for the intention- to- treat population*

Analysis IRR (95% CI) P value

Number of T1- enhancing lesions (month 30) 0.29 (0.11 to 0.76) 0.011
New/enlarging T2- hyperintense lesions at month 30 versus baseline 0.49 (0.38 to 0.62) <0.0001

*All analyses adjusted for: age, sex, years of diagnosis, baseline Expanded Disability Status Scale, relapses during normalisation.
IRR, Incidence rate ratio.
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Several nutritional interventions have lately been 
considered as possible methods contributing to the 
quality of life of patients experiencing chronic neurolog-
ical conditions.39 50 Similarly, Neuroaspis plp10 consists 
of a formulation with biophysical characteristics that can 
be considered as a medical nutrient concoction (nutra-
ceutical) potentially for MS prevention and adjuvant 
treatment.

To conclude, the present study supports a link between, 
dietary, nutritional, immunological and inflammatory 
aspects of MS and identifies an important new potential 
horizon in the approach of MS prevention and treatment. 
With limitation, the small number of patients in the trial, 
the length of the study, as well as the multiplicity of the 
analyses and the solid protocol can all be considered as 
positive parameters for the robustness of the final indica-
tion and conclusion.

Author affiliations
1Neurology Clinic C, The Cyprus Institute of Neurology and Genetics, Nicosia, Cyprus
2Department of Neurology Laboratory of Experimental Neurology and 
Neuroimmunology and the Multiple Sclerosis Center, AHEPA University Hospital, 
Aristotle University, Thessaloniki, Greece
3Medical School, University of Cyprus, Nicosia, Cyprus
4Department of Neurology, General University Hospital of Larissa, Larissa, Greece
5Department of Neurology, Clinical and Molecular Epidemiology Unit, Department 
of Hygiene and Epidemiology, University of Ioannina School of Medicine (UISM), 
Ioannina, Greece
6Department of Hygiene and Epidemiology, University of Ioannina School of 
Medicine, Ioannina, Greece
7School of Medicine, European University Cyprus, Nicosia, Cyprus
8Division of Neuroscience, Neuroimaging Research Unit, San Raffaele Scientific 
Institute, Milan, Italy
9Neurology Unit, IRCCS San Raffaele Scientific Institute, Milan, Italy
10Division of Neuroscience, Universita Vita Salute San Raffaele, Milano, Lombardia, 
Italy

Twitter Paolo Preziosa @paolopreziosa

Acknowledgements We thank George Miltiadous, MD, Hippocrateon Private 
Hospital, Nicosia, Cyprus for his outstanding contribution to the project as the 
independent control and safety committee. An abstract based on this clinical trial 
project was presented in the 9th IMBMC Congress, 18–20 November 2021.

Contributors MCP and IP were responsible for the protocol and study design. PV, 
RM, PP and MAR were responsible for the MRI protocol and MRI data analyses. 
IP was the author responsible for the overall content as the guarantor. EN and 
GM statistically analysed the collected data. MCP, CB, NG, GH and ED were the 
evaluators of patients’ clinical progress signs and the treating physicians. EN, GM, 
MCP, RM, PP, MAR and IP interpreted the data. IP, GL and SO were responsible for 
the laboratory work. MCP and IP wrote the article. All authors contributed to the 
editing of the manuscript and vouch for the accuracy and completeness of the data 
and the statistical analysis.

Funding This study was funded by Cyprus Ministry of Energy, Commerce, Industry 
and Tourism—Structural Funds Program (8.1.12.13.2.3.60).

Competing interests MCP, GL, IP received grand support from the Cyprus Ministry 
of Energy, Commerce, Industry and Tourism—Structural Funds Program (Creation 
of New High Technology and Innovation Enterprises). PALUPA Medical is a research 
company formed and registered under the Incubator program. MCP, GL and IP are 
stockholders of PALUPA Medical. MAR received speaker honoraria from Bayer, 
Biogen, Bristol Myers Squibb, Celgene, Genzyme, Merck Serono, Novartis, Roche 
and Teva, and receives research support from the MS Society of Canada and 
Fondazione Italiana Sclerosi Multipla. NG received speaker honoraria from Bayer, 
Biogen, Gensis Pharma, Celgene, Sanofi, Merck, Novartis, Roche and Teva, and 
receives research support from Biogen and TEVA. CB received travel support and/
or lecture fees from Novartis, Merck, Genesis, Sanofi, Teva, Roche and Mylan. GH, 
ED, EN, GM, SO, PV, RM and PP declare no competing interests. No pharmaceutical 

companies were involved in this project. The intervention, trade marked as 
Neuroaspis plp10, is under a US patent application, and covered with granted 
patent in several other countries including Canada, Japan, China, Ukraine, Australia, 
Israel and New Zealand.

Patient consent for publication Not applicable.

Ethics approval This study involves human participants and was approved by 
Cyprus national bioethics committee; national ethics committee of Greece, ID: 
EEBK/EΠ/2013/18. Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review Not commissioned; internally peer reviewed.

Data availability statement All data relevant to the study are included in the 
article or uploaded as online supplemental information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Georgios Markozannes http://orcid.org/0000-0001-8481-579X
Roberta Messina http://orcid.org/0000-0003-4421-0432
Paolo Preziosa http://orcid.org/0000-0002-7826-0019
Maria A Rocca http://orcid.org/0000-0003-2358-4320
Ioannis Patrikios http://orcid.org/0000-0002-2585-7700

REFERENCES
 1 van Meeteren ME, Teunissen CE, Dijkstra CD, et al. Antioxidants 

and polyunsaturated fatty acids in multiple sclerosis. Eur J Clin Nutr 
2005;59:1347–61.

 2 Clandinin MT, Cheema S, Field CJ, et al. Dietary fat: exogenous 
determination of membrane structure and cell function. Faseb J 
1991;5:2761–9.

 3 Hon GM, Hassan MS, van Rensburg SJ, et al. Red blood cell 
membrane fluidity in the etiology of multiple sclerosis. J Membr Biol 
2009;232:25–34.

 4 Christen S, Woodall AA, Shigenaga MK, et al. gamma- tocopherol 
traps mutagenic electrophiles such as NO(X) and complements 
alpha- tocopherol: physiological implications. Proc Natl Acad Sci U S 
A 1997;94:3217–22.

 5 Middleton E, Kandaswami C, Theoharides TC. The effects of plant 
flavonoids on mammalian cells: implications for inflammation, heart 
disease, and cancer. Pharmacol Rev 2000;52:673–751.

 6 Brigelius- Flohé R, Kelly FJ, Salonen JT, et al. The European 
perspective on vitamin E: current knowledge and future research. Am 
J Clin Nutr 2002;76:703–16.

 7 Gil Á.. Polyunsaturated fatty acids and inflammatory diseases. 
Biomed Pharmacother 2002;56:388–96.

 8 Youdim KA, Martin A, Joseph JA. Essential fatty acids and the brain: 
possible health implications. Int J Dev Neurosci 2000;18:383–99.

 9 Endres S, Ghorbani R, Kelley VE, et al. The effect of dietary 
supplementation with n- 3 polyunsaturated fatty acids on the 
synthesis of interleukin- 1 and tumor necrosis factor by mononuclear 
cells. N Engl J Med 1989;320:265–71.

 10 Gallai V, Sarchielli P, Trequattrini A, et al. Cytokine secretion and 
eicosanoid production in the peripheral blood mononuclear cells 
of MS patients undergoing dietary supplementation with n- 3 
polyunsaturated fatty acids. J Neuroimmunol 1995;56:143–53.

 11 Yacoubian S, Serhan CN. New endogenous anti- inflammatory and 
proresolving lipid mediators: implications for rheumatic diseases. Nat 
Clin Pract Rheumatol 2007;3:570–9.

 12 Ferrante A, Goh D, Harvey DP, et al. Neutrophil migration inhibitory 
properties of polyunsaturated fatty acids. The role of fatty acid 

https://twitter.com/paolopreziosa
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8481-579X
http://orcid.org/0000-0003-4421-0432
http://orcid.org/0000-0002-7826-0019
http://orcid.org/0000-0003-2358-4320
http://orcid.org/0000-0002-2585-7700
http://dx.doi.org/10.1038/sj.ejcn.1602255
http://dx.doi.org/10.1096/fasebj.5.13.1916101
http://dx.doi.org/10.1007/s00232-009-9213-1
http://dx.doi.org/10.1073/pnas.94.7.3217
http://dx.doi.org/10.1073/pnas.94.7.3217
http://www.ncbi.nlm.nih.gov/pubmed/11121513
http://dx.doi.org/10.1093/ajcn/76.4.703
http://dx.doi.org/10.1093/ajcn/76.4.703
http://dx.doi.org/10.1016/S0753-3322(02)00256-1
http://dx.doi.org/10.1016/s0736-5748(00)00013-7
http://dx.doi.org/10.1056/NEJM198902023200501
http://dx.doi.org/10.1016/0165-5728(94)00140-j
http://dx.doi.org/10.1038/ncprheum0616
http://dx.doi.org/10.1038/ncprheum0616


10 Pantzaris MC, et al. BMJ Neurol Open 2022;4:e000334. doi:10.1136/bmjno-2022-000334

Open access 

structure, metabolism, and possible second messenger systems. J 
Clin Invest 1994;93:1063–70.

 13 Ghosh S, Hayden MS. New regulators of NF- kappaB in inflammation. 
Nat Rev Immunol 2008;8:837–48.

 14 Ghosh S, May MJ, Kopp EB. Nf- Kappa B and Rel proteins: 
evolutionarily conserved mediators of immune responses. Annu Rev 
Immunol 1998;16:225–60.

 15 Novak TE, Babcock TA, Jho DH, et al. Nf- Kappa B inhibition by 
omega -3 fatty acids modulates LPS- stimulated macrophage 
TNF- alpha transcription. Am J Physiol Lung Cell Mol Physiol 
2003;284:L84–9.

 16 Serhan CN, Chiang N, Van Dyke TE. Resolving inflammation: dual 
anti- inflammatory and pro- resolution lipid mediators. Nat Rev 
Immunol 2008;8:349–61.

 17 Serhan CN, Gotlinger K, Hong S, et al. Resolvins, docosatrienes, and 
neuroprotectins, novel omega- 3- derived mediators, and their aspirin- 
triggered endogenous epimers: an overview of their protective roles 
in catabasis. Prostaglandins Other Lipid Mediat 2004;73:155–72.

 18 Arita M, Ohira T, Sun Y- P, et al. Resolvin E1 selectively interacts 
with leukotriene B4 receptor BLT1 and ChemR23 to regulate 
inflammation. J Immunol 2007;178:3912–7.

 19 Rossetti RG, Seiler CM, DeLuca P, et al. Oral administration of 
unsaturated fatty acids: effects on human peripheral blood T 
lymphocyte proliferation. J Leukoc Biol 1997;62:438–43.

 20 Kong W, Yen J- H, Ganea D. Docosahexaenoic acid prevents 
dendritic cell maturation, inhibits antigen- specific Th1/Th17 
differentiation and suppresses experimental autoimmune 
encephalomyelitis. Brain Behav Immun 2011;25:872–82.

 21 Groeger AL, Cipollina C, Cole MP, et al. Cyclooxygenase- 2 generates 
anti- inflammatory mediators from omega- 3 fatty acids. Nat Chem 
Biol 2010;6:433–41.

 22 Bordoni A, Di Nunzio M, Danesi F, et al. Polyunsaturated fatty acids: 
from diet to binding to PPARs and other nuclear receptors. Genes 
Nutr 2006;1:95–106.

 23 Calder PC. Polyunsaturated fatty acids, inflammatory processes and 
inflammatory bowel diseases. Mol Nutr Food Res 2008;52:885–97.

 24 Edwards IJ, O'Flaherty JT. Omega- 3 fatty acids and PPARγ in cancer. 
PPAR Res 2008;2008:1–15.

 25 Huang JK, Jarjour AA, Nait Oumesmar B, et al. Retinoid X receptor 
gamma signaling accelerates CNS remyelination. Nat Neurosci 
2011;14:45–53.

 26 Dyall SC, Michael GJ, Michael- Titus AT. Omega- 3 fatty acids 
reverse age- related decreases in nuclear receptors and increase 
neurogenesis in old rats. J Neurosci Res 2010;88:2091–102.

 27 McNamara RK. Omega- 3 fatty acid deficiency as a risk factor for 
schizophrenia in: arch Gen psychiatry, 2010.

 28 Huang WL, King VR, Curran OE, et al. A combination of intravenous 
and dietary docosahexaenoic acid significantly improves outcome 
after spinal cord injury. Brain 2007;130:3004–19.

 29 Soliven B, Wang N. Arachidonic acid inhibits potassium 
conductances in cultured rat oligodendrocytes. Am J Physiol 
1995;269:C341–8.

 30 Takeda M, Soliven B. Arachidonic acid inhibits myelin basic protein 
phosphorylation in cultured oligodendrocytes. Glia 1997;21:277–84.

 31 Bousquet M, Gue K, Emond V, et al. Transgenic conversion of 
omega- 6 into omega- 3 fatty acids in a mouse model of Parkinson's 
disease. J Lipid Res 2011;52:263–71.

 32 Harris MA, Hansen RA, Vidsudhiphan P, et al. Effects of 
conjugated linoleic acids and docosahexaenoic acid on rat liver 
and reproductive tissue fatty acids, prostaglandins and matrix 

metalloproteinase production. Prostaglandins Leukot Essent Fatty 
Acids 2001;65:23–9.

 33 Salvati S, Natali F, Attorri L, et al. Eicosapentaenoic acid stimulates 
the expression of myelin proteins in rat brain. J Neurosci Res 
2008;86:776–84.

 34 Filippini G, Munari L, Incorvaia B. Interferons in relapsing remitting 
multiple sclerosis: a systematic review. The Lancet 2003;361:545–52.

 35 Ramagopalan SV, Dobson R, Meier UC, Sreeram VR, Ruth D, Ute 
CM, et al. Multiple sclerosis: risk factors, prodromes, and potential 
causal pathways. Lancet Neurol 2010;9:727–39.

 36 van Meeteren ME, Hendriks JJA, Dijkstra CD, et al. Dietary 
compounds prevent oxidative damage and nitric oxide production 
by cells involved in demyelinating disease. Biochem Pharmacol 
2004;67:967–75.

 37 Mehta LR, Dworkin RH, Schwid SR. Polyunsaturated fatty acids and 
their potential therapeutic role in multiple sclerosis. Nat Clin Pract 
Neurol 2009;5:82–92.

 38 Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for 
multiple sclerosis: 2010 revisions to the McDonald criteria. Ann 
Neurol 2011;69:292–302.

 39 Pantzaris MC, Loukaides GN, Ntzani EE, et al. A novel oral 
nutraceutical formula of omega- 3 and omega- 6 fatty acids with 
vitamins (PLP10) in relapsing remitting multiple sclerosis: a 
randomised, double- blind, placebo- controlled proof- of- concept 
clinical trial. BMJ Open 2013;3:e002170.

 40 Wang L, Fan C. Sample size calculations for comparing two groups 
of count data. J Biopharm Stat 2019;29:115–27.

 41 Simopoulos AP. Omega- 3 fatty acids in inflammation and 
autoimmune diseases. J Am Coll Nutr 2002;21:495–505.

 42 Martínez M, Vázquez E, García- Silva MT, et al. Therapeutic effects 
of docosahexaenoic acid ethyl ester in patients with generalized 
peroxisomal disorders. Am J Clin Nutr 2000;71:376S–85.

 43 Annpey P, Shein- Chung C. Statistical/Practical issues in clinical trials. 
Drug Information Journal 1997;31:1167–74.

 44 Jacobs LD, Cookfair DL, Rudick RA, et al. Intramuscular interferon 
beta- 1a for disease progression in relapsing multiple sclerosis. Ann 
Neurol 1996;39:285–94.

 45 The IFNB Multiple Sclerosis Study Group. Interferon beta- 1b is 
effective in relapsing- remitting multiple sclerosis: I. clinical results 
of a multicenter, randomized, double- blind, placebo- controlled trial. 
Neurology 1993;43:655–61.

 46 Johnson KP, Brooks BR, Cohen JA, et al. Copolymer 1 reduces 
relapse rate and improves disability in relapsing- remitting multiple 
sclerosis: results of a phase III multicenter, double- blind placebo- 
controlled trial. The copolymer 1 multiple sclerosis Study Group. 
Neurology 1995;45:1268–76.

 47 Ebers GC. Randomised double- blind placebo- controlled study of 
interferon β-1a in relapsing/remitting multiple sclerosis. The Lancet 
1998;352:1498–504.

 48 Brandstadter R, Katz Sand I. The use of natalizumab for multiple 
sclerosis. Neuropsychiatr Dis Treat 2017;13:1691–702.

 49 Ayzenberg I, Hoepner R, Kleiter I. Fingolimod for multiple sclerosis 
and emerging indications: appropriate patient selection, safety 
precautions, and special considerations. Ther Clin Risk Manag 
2016;12:261–72.

 50 Tamtaji OR, Taghizadeh M, Aghadavod E, et al. The effects of 
omega- 3 fatty acids and vitamin E co- supplementation on gene 
expression related to inflammation, insulin and lipid in patients with 
Parkinson's disease: a randomized, double- blind, placebo- controlled 
trial. Clin Neurol Neurosurg 2019;176:116–21.

http://dx.doi.org/10.1172/JCI117056
http://dx.doi.org/10.1172/JCI117056
http://dx.doi.org/10.1038/nri2423
http://dx.doi.org/10.1146/annurev.immunol.16.1.225
http://dx.doi.org/10.1146/annurev.immunol.16.1.225
http://dx.doi.org/10.1152/ajplung.00077.2002
http://dx.doi.org/10.1038/nri2294
http://dx.doi.org/10.1038/nri2294
http://dx.doi.org/10.1016/j.prostaglandins.2004.03.005
http://dx.doi.org/10.4049/jimmunol.178.6.3912
http://dx.doi.org/10.1002/jlb.62.4.438
http://dx.doi.org/10.1016/j.bbi.2010.09.012
http://dx.doi.org/10.1038/nchembio.367
http://dx.doi.org/10.1038/nchembio.367
http://dx.doi.org/10.1007/BF02829951
http://dx.doi.org/10.1007/BF02829951
http://dx.doi.org/10.1002/mnfr.200700289
http://dx.doi.org/10.1155/2008/358052
http://dx.doi.org/10.1038/nn.2702
http://dx.doi.org/10.1002/jnr.22390
http://dx.doi.org/10.1093/brain/awm223
http://dx.doi.org/10.1152/ajpcell.1995.269.2.C341
http://www.ncbi.nlm.nih.gov/pubmed/9383037
http://dx.doi.org/10.1194/jlr.M011692
http://dx.doi.org/10.1054/plef.2001.0283
http://dx.doi.org/10.1054/plef.2001.0283
http://dx.doi.org/10.1002/jnr.21537
http://dx.doi.org/10.1016/S1474-4422(10)70094-6
http://dx.doi.org/10.1016/j.bcp.2003.10.018
http://dx.doi.org/10.1038/ncpneuro1009
http://dx.doi.org/10.1038/ncpneuro1009
http://dx.doi.org/10.1002/ana.22366
http://dx.doi.org/10.1002/ana.22366
http://dx.doi.org/10.1136/bmjopen-2012-002170
http://dx.doi.org/10.1080/10543406.2018.1489409
http://dx.doi.org/10.1080/07315724.2002.10719248
http://dx.doi.org/10.1093/ajcn/71.1.376s
http://dx.doi.org/10.1002/ana.410390304
http://dx.doi.org/10.1002/ana.410390304
http://dx.doi.org/10.1212/WNL.43.4.655
http://dx.doi.org/10.1212/WNL.45.7.1268
http://dx.doi.org/10.1016/S0140-6736(98)03334-0
http://dx.doi.org/10.2147/NDT.S114636
http://dx.doi.org/10.2147/TCRM.S65558
http://dx.doi.org/10.1016/j.clineuro.2018.12.006

	Phase III, randomised, double-blind, placebo-controlled trial of Neuroaspis plp10 as an adjuvant treatment for relapsing multiple sclerosis: the MINERAL Study
	Abstract
	Introduction
	Methods
	Patients
	Interventions
	Study design, randomisation and blinding
	Study procedures and end points
	Statistical analysis
	Dropouts
	Missing data handling
	Patient and public involvement


	Results
	Study population
	Efficacy
	Relapse
	EDSS progression
	MRI analysis
	Safety


	Discussion
	References


