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Abstract 

Background Oxaliplatin-induced peripheral neuropathy (OIPN) in general and painful OIPN in particular is a debili-
tating late effect that severely affects cancer survivors’ quality of life and causes premature cessation of potentially life-
saving treatment. No preventive treatments and no effective treatment for chronic OIPN exist despite many attempts. 
One of several suggested mechanisms includes neuroinflammation as a contributing factor to OIPN. Fish oil contain-
ing long-chain n-3 polyunsaturated fatty acids (n-3 LCPUFAs) are precursors to specialized proresolving mediators 
that mediate the resolution of inflammation. Our primary hypothesis is that a high supplementation of n-3 LCPUFAs 
will lower the prevalence and severity of OIPN.

Methods The OxaNeuro project is an investigator-initiated, multicenter, double-blinded, randomized, placebo-
controlled clinical study. We will include 120 patients eligible to receive adjuvant oxaliplatin after colorectal cancer 
surgery. Patients will receive fish oil capsules containing n-3 LCPUFAs or corn oil daily for 8 months.

The primary endpoint is the prevalence of OIPN at 8 months defined as relevant symptoms, including one of the fol-
lowing: abnormal nerve conduction screening, abnormal vibration threshold test, abnormal skin biopsy, or abnormal 
pinprick test. Additional endpoints include the intensity and severity of OIPN-related neuropathic pain, patient-
reported OIPN symptoms, quality of life, mental health symptoms, body composition, and cognitive evaluation. Fur-
thermore, we will evaluate inflammatory biomarkers in blood samples and skin biopsies, including the potential OIPN 
biomarker neurofilament light protein (NfL) which will be measured before each cycle of chemotherapy.

Discussion If readily available fish oil supplementation alleviates OIPN prevalence and severity, it will significantly 
improve the lives of both cancer survivors and palliative cancer patients receiving oxaliplatin; it will improve their 
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quality of life, optimize chemotherapeutic treatment plans by lowering the need for dose reduction or premature ces-
sation, and potentially increase survival.

Trial registration ClinicalTrial.gov identifier: NCT05404230

Protocol version: 1.2, April  25th. 2023

Keywords Chemotherapy-induced peripheral neuropathy, Oxaliplatin, Colorectal cancer, Fish oil, Omega-3 fatty 
acids, Neurofilament light, Inflammation, Specialized proresolving mediators, Quality of life, Randomized controlled 
trial

Background
Symptoms of chemotherapy-induced peripheral neu-
ropathy (CIPN) are generally described as primarily sen-
sory symptoms with a stocking and glove distribution 
comprising loss of sensation, para- or dysesthesia, and/
or pain [1]. CIPN comprises heterogeneous subgroups 
characterized by varying prevalence and phenotypical 
manifestations, contingent upon the specific neurotoxic 
chemotherapy employed [2].

Oxaliplatin-induced peripheral neuropathy (OIPN) 
is seen in an acute and a chronic version. Acute OIPN 
occurs in 85-95% of patients receiving oxaliplatin [3]. It is 
characterized as an acute cold allodynia in the extremities 
and perioral area. Symptoms occur shortly after treatment 
and normally dissolve within the following week [4, 5]. 
The chronic version affects over half of patients receiving 
oxaliplatin, of whom 20% experience neuropathic pain [6]. 
Chronic OIPN is a dose- and length-dependent periph-
eral neuropathy that develops during and often after 
ended treatment (coasting), where patients report loss 
of sensation, persistent para- or dysesthesia and/or pain 
primarily in the feet [6–8]. Cramps and muscle weakness 
can also be seen in patients [9, 10]. Chronic OIPN, includ-
ing neuropathic pain, is a disabling condition known to 
severely affect cancer survivors’ quality of life and is often 
associated with other problems, such as loss of function, 
anxiety, depression, and disturbed sleep. Chronic OIPN is 
associated with a significant human and economic burden 
on health resources [11, 12].

Despite numerous efforts, no proposed treatments 
have successfully prevented or effectively managed 
CIPN [13, 14].  Duloxetine is the only medication that 
has shown some effect on painful CIPN, but its esti-
mated effect size is low, and the treatment is not without 
side-effects [15, 16].

Several biomarkers have been assessed in an attempt to 
find a valid predictor of CIPN [17]. Neurofilament light 
polypeptide (NfL) is a structural protein shed from neu-
rons upon neuroaxonal damage to the bloodstream. This 
protein has been proven useful as a biomarker in several 
neurological diseases, e.g., multiple sclerosis, stroke, 
and Alzheimer’s disease [18]. NfL has been found to 
correlate with evaluated symptoms of CIPN in smaller, 

primarily observational, studies including breast cancer 
or gynecological cancer, with patients receiving taxanes 
[19–23]. Only one study measured NfL in patients with 
OIPN symptoms; however, this study measured the level 
of NfL at fixed time points 3 and 6 months after baseline 
[24]. To our knowledge, we are the first to examine NfL 
levels in patients receiving oxaliplatin in a prospective 
manner before each cycle of oxaliplatin, with a relevant 
population size and long-term follow-up. This design 
allows us to evaluate the use of NfL as a predictive bio-
marker and explore if both acute and chronic CIPN 
affect the level of NfL.

The mechanism of acute OIPN is altered sodium ion 
channels which produce peripheral nerve hyperexcitabil-
ity [25–27]. However, the mechanism of chronic OIPN is 
not known in detail, albeit several overlapping theories 
have been proposed. One such dominant theory is that 
mitochondrial damage is induced by oxidative stress in 
the dorsal root ganglia (DRG), which is not protected 
by the blood and brain barrier, causing neuronal degen-
eration [2]. However, neuroinflammation and modula-
tion of the immune response have been shown to be 
relevant mechanisms of the pathogenesis of OIPN and 
the development of neuropathic pain [28]. Several stud-
ies have demonstrated an increased innate neuroimmune 
response and proinflammatory cytokine expression fol-
lowing chemotherapy exposure [29]. In preclinical stud-
ies, these changes have been shown to be associated with 
sensitization and hyperexcitability in peripheral nerves 
primarily mediated by satellite glial cells surrounding the 
DRG [30, 31].

Long-chain n-3 polyunsaturated fatty acids (n-3 LCPU-
FAs), such as docosahexaenoic acid (DHA, 22:6n-3) and 
eicosapentaenoic acid (EPA, 20:5n-3), have been shown 
to be potent inflammation inhibitors in animal and cell 
models [32]. In clinical trials, DHA and EPA have been 
shown to alleviate chronic inflammatory diseases, such as 
rheumatic arthritis, by reducing the need for non-steroid 
inflammatory drugs (NSAIDs) [33]. Additionally, in the 
acute setting of sepsis, cytokine levels and length of hos-
pital stay were positively affected by DHA and EPA [34].

In cancer patients receiving n-3 LCPUFAs from fish 
oil supplements, inflammatory cytokines, including 



Page 3 of 10Gehr et al. BMC Cancer          (2024) 24:168  

interleukin- 6 (IL-6), C-reactive protein (CRP) and tumor 
necrosis factor-alpha (TNFα), were found to be lower 
than those in control groups [35]. Eicosanoid-like mole-
cules derived from n-3 LCPUFAs and n-6 LCPUFAs play 
a crucial role in signaling between immune cells during 
the inflammatory process. Proinflammatory eicosanoids, 
such as prostaglandins, thromboxanes and leukotrienes, 
primarily derived from arachidonic acid (AA, 20:4n-6), 
are upregulated by early inflammatory stimuli and medi-
ate the initiation of the inflammatory process. The n-3 
LCPUFAs, on the other hand, are main precursors for 
specialized pro-resolving mediators (SPM), resolvins, 
maresins, and protectins. These SPMs actively mediate 
downregulation and resolution of the inflammatory pro-
cess [34]. Hence, an intake of fish oil supplements con-
taining n-3 LCPUFAs increases concentrations of SPMs 
in peripheral blood and mediates translational changes 
in immune cells [36]. However, the exact mechanisms 
of SPMs remain unclear and multifaceted. SPM has also 
been investigated in the context of neuropathic pain [37]. 
In this context, a few clinical studies have shown prom-
ising results of dietary n-3 LCPUFAs on prevention of 
CIPN, which should be tested in a larger trial [38–40].

DHA is essential for optimal development and func-
tioning of the nervous system [32, 41], and n-3 LCPUFAs 
have been shown to affect cognitive development [42]. 
Some studies have observed beneficial effects on cogni-
tive decline [43], and a meta-analytic review found a sig-
nificantly positive effect of n-3 LCPUFAs on depression. 
However, the effect of n-3 PUFAs on cognition during 
and after chemotherapy has not been evaluated.

N-3 LCPUFAs and chemotherapeutic treatment has 
been studied with various focus throughout the years. 
To date no negative interactions between n-3 LCPUFAs 
and chemotherapy have been reported. Conversely, some 

preclinical studies indicate a synergistic relationship 
between the two in certain settings [44, 45].

The primary aim of this study is to evaluate whether 
a daily intake of a high dosage of fish oil containing n-3 
LCPUFAs reduces the prevalence and severity of OIPN 
and neuropathic pain 8 months after adjuvant oxalipl-
atin following surgery for high-risk colorectal cancer. 
Additional aims are to investigate whether n-3 LCPU-
FAs influence body composition, cognition, and mental 
status. Furthermore, we want to study the inflammatory 
mechanism of OIPN in skin biopsies and blood and 
explore potential early predictive biomarkers of OIPN, 
particularly NfL.

Design and methods
Project OxaNeuro is an investigator-initiated, multi-
center, double blinded, randomized placebo-controlled 
clinical trial. Patients are randomized to one of two 
arms: fish oil capsules or identical corn oil capsules for 8 
months in total.

The study comprises daily intake of capsules, six visits, 
neurological and sensory examination, questionnaires, 
skin biopsies and blood sampling. Five of the six visits are 
scheduled together with planned visits at the Department 
of Oncology. Adjuvant chemotherapy is concluded after 
visit four, but the patients will continue with the daily 
intake of the trial supplements for a total of 8 months. 
During the follow-up period, patients will receive two 
phone calls to monitor compliance. The last visit (visit 
5) is planned after 8 months, and this concludes the trial 
period (Fig. 1).

Study population and eligibility
Patients diagnosed with colorectal cancer, operated, 
and referred to one of four participating Departments 

Fig. 1 Project OxaNeuro flowchart. Flowchart of the OxaNeuro project. Each blue box represents a patient contact in the project comprising 
either personal appearance or phone call. One visit (visit 5) is not scheduled together with the planned visits at the Department of Oncology
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of Oncology at University Hospital of Southern Den-
mark Vejle, University Hospital of Southern Denmark 
Soenderborg, Aarhus University Hospital, and Aalborg 
University Hospital are eligible. Patients meeting the 
inclusion criteria (Table 1) will be invited to participate 
and provide written informed consent.

Dietary intake of LCPUFAs in the Danish population is 
low and thus not expected to affect the trial. Therefore, 
dietary intake is not documented, and specific diets are 
not cause for exclusion [47, 48].

If patients experience verified disease relapse, they will 
be withdrawn from the trial. Dose reduction or prema-
ture cessation of oxaliplatin is not cause for exclusion if 
the patient has received at least one dose of oxaliplatin.

Randomization and blinding
Randomization is carried out automatically 1:1 and 
stratified to the study site via the Research Electronic 
Data Capture (REDcap) randomization module and is 
fully blinded (patient, health care provider, investigator). 
In case of a medical emergency and proper treatment 
requires knowledge of the treatment randomization, 
unblinding is possible via the hospital pharmacy which 
has randomization envelopes. At the end of the trial 
period and subsequent data analysis, unblinding will take 
place.

Intervention
Intervention capsules consist of fish oil containing 500 
mg EPA, 20:5n-3 and 250 mg DHA, 22:6n-3 each. A daily 
dose of four capsules will supply 2 g EPA and 1 g DHA. 
The control capsules consist of 1 g corn oil of which 52% 
is PUFA n-6. The daily control dose of four capsule is 2.08 
g n-6 PUFA (linoleic acid) The corn oil dosage is equiva-
lent to normal dietary intake and has no known effect on 
the examined parameters.

Intake of active or control capsules continues until 8 
months after enrollment. No titration or tapering off is 
needed.

Active and control capsules are manufactured by EPAX 
Norway a/s (Aalesund, Norway). Monitoring of durabil-
ity and verification of content in supplied capsules will 
be carried out by the supplying company EPAX. Cap-
sules are labeled by the hospital pharmacy Vejle Hospital, 
according to Eudralex - Volume 4, Annex 13.

Compliance
Compliance will be monitored continuously through ver-
ification and registration by a study nurse at each visit. 
The excess capsules will be counted, and patients will be 
asked about their compliance at each visit. During the 
trial two phone calls will be placed with the purpose of 
compliance and patient retention.

Furthermore, in a subgroup, we will evaluate compli-
ance in blood samples taken at three different time points 
(visits 1, 4 and 5, see Fig.  1). The n-3 LCPUFA content 
in erythrocyte membrane is measured as an objective 
measure of compliance. The samples will be analyzed by 
high-throughput fatty acid analysis by gas chromatogra-
phy with flame ionization detection using Varian 3900 or 
Agilent 7890A instruments [49]. Samples are stored and 
shipped in bulk for analysis at the Laboratory of Nutri-
tional Lipidomics, Department of Kinesiology and Health 
Sciences, Faculty of Health, University of Waterloo, 
Canada.

Assessment plan
The study procedures are summarized in Fig. 1.

Baseline assessments include patient history and cur-
rent symptoms, neurological examination including 
evaluation of cold allodynia, muscle strength in legs, 
pin prick testing, vibration detection threshold testing, 

Table 1 Inclusion and exclusion criteria

ECOG: Eastern Cooperative Oncology Group

Inclusion criteria Exclusion criteria

• Histopathologically verified adenocarcinoma of the colon or rectum 
and planned standard adjuvant treatment with capecitabine in combina-
tion with oxaliplatin
• Age ≥ 18
• ECOG performance status 0-2 (measurement of a patient’s function 
in terms of self-care, daily activity and physical ability) [46]
• Written and orally informed consent.

• Inability to speak, read, and understand Danish
• Previous treatment with neurotoxic chemotherapy
• Neurological (including neuropathy) or psychiatric disorders, diabetes, 
or other significant medical conditions
• Alcohol or drug abuse
• Sensory disturbances in the feet
• Spinal stenosis
• Vascular disease (Fontaine grade II or more)
• Known allergy to fish, fish oil or corn oil
• Fertile patients not willing to use effective methods of contraception dur-
ing treatment or abstinence
• Daily intake of oil supplements and not willing to stop during the trial 
period
• Lack of consent to skin biopsy
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and DPN check equivalent to nerve conduction testing. 
Furthermore, skin biopsies, cognitive tests and a test for 
cold allodynia will be carried out. The visit 5 assessment 
includes the abovementioned tests except the cold allo-
dynia test. At each visit, blood samples and bioimped-
ance measures will be taken, and patients will be asked to 
fill out questionnaires.

Assessment of endpoints
For an overview of endpoints see Supplementary Table 1, 
Additional file 1.

Primary endpoint
Prevalence of OIPN at 8 months
The primary endpoint is presence of OIPN 8 months 
after first the oxaliplatin treatment. OIPN is defined as 
relevant symptoms of OIPN evaluated by a medical pro-
fessional, plus minimum one of the following: abnormal 
vibration test, abnormal nerve conduction test by DPN 
check device, abnormal pinprick test or, abnormal skin 
biopsy.

Symptoms of OIPN patients are interviewed by a medi-
cal professional regarding sensory and motor symptoms 
of polyneuropathy and pain. The predominant symptoms 
are tingling or pins and needles, numbness, a greater than 
normal sense of touch, and burning pain with or without 
cold stimulus.

Vibration detection threshold (VDT) evaluation is 
performed with a Rydel–Seiffer graded tuning fork 
(64 Hz, 8/8 scale) that is placed on the medial malleo-
lus and left there until the patient is not able to feel a 
vibrating sensation. The VDT is determined as a disap-
pearance threshold with three stimulus repetitions. The 
results are compared to a normal material adjusted for 
age and sex [50].

Nerve conduction test is carried out by a point-of-care 
device, DPN check (NeuroMetric Inc., Woburn, MA), 
especially developed for sural nerve conduction studies. 
DPN Check has been validated as a screening tool for the 
detection of peripheral neuropathy [51].

The device is placed on the skin posterior to the lateral 
malleolus over an area corresponding to the anatomi-
cal distribution of the sural nerve. DPN Check measures 
conduction velocity (CV) and amplitude of the sensory 
nerve action potential (SNAP). A response is recorded 
and defined as abnormal, if the amplitude of the SNAP is 
measured at less than 1,5 µV or is undetectable.

The test for pin prick is carried out by using a Semmes-
Weinstein monofilament no 5.88 (bending force 75.9 
g/745 mN), (Stoelting, Wood Dale, IL, USA). Patients 
are asked if the stimulus is either similar to the control 
stimulus or less or more intense. An abnormal test is 

defined as any changed sensibility to pin prick compared 
to baseline [52].

Skin biopsies a total of four skin biopsies from the dis-
tal leg (10 cm above the ankle) will be obtained from 
each study participant: two at baseline and two at visit 
5. The biopsies will be taken using a disposable 4 mm 
punch under sterile conditions and upon subcutaneous 
lidocaine anesthesia. One biopsy from each visit will be 
used to quantify intraepidermal nerve fiber (IENF) den-
sity using the free-floating protocol and PGP 9.5 primary 
antibody following available guidelines [53]. An abnormal 
biopsy is defined as IENF density below the 0.05 quantile 
of normal distribution adjusted for age and sex [54]. Only 
IENF density at month 8 is considered for the definition 
and OIPN for the primary outcome.

Secondary endpoints
Intensity of OIPN‑related neuropathic pain
Intensity of OIPN-related neuropathic pain at visit 5 
(average over the past 24 hours on a 0-10 numeric rating 
scale (NRS)).

Severity of patient‑reported OIPN at 8 months
Severity of patient-reported OIPN at 8 months (visit 
5) calculated as the change in the European Organiza-
tion for Research and Treatment of Cancer Quality of 
Life Questionnaire (EORCT QLQ-CIPN 20) score com-
pared to visit 1 (baseline). The EORTC-QLQ-CIPN20 
is a self-reported questionnaire in which CIPN-related 
symptoms and functional limitations are subjectively 
scored. The questionnaire has been validated by two 
large international clinical trials [55, 56] and is recom-
mended for evaluating treatments to prevent CIPN [57]. 
The questionnaire consists of 20 questions divided into 
three subscales (sensory, motor, and autonomic) and 
provides a comprehensive picture of the nature, fre-
quency, and severity of CIPN within the last seven days. 
The scores will be calculated according to the standard 
operating procedure of the EORTC and rated from 0 to 
100. A higher score is equivalent to a worse outcome/ 
more symptoms. Sensory symptoms will be evaluated 
separately on a question-by-question basis comparing 
answers at visit 1 (baseline) and visit 5.

Tertiary endpoints
Change in patient‑reported OIPN symptoms
Further endpoints relate to change in patient-reported 
CIPN symptoms via the EORTC QLQ-CIPN20 question-
naire at each visit during the trial.

Acute cold allodynia
The Ventzel cylinder has been shown to correlate well 
with symptoms and neurophysiological changes during 
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oxaliplatin exposure [27]. Examination for cold allodynia 
is performed by holding the Ventzel cylinder, a solid 
metal cylinder (height 10 cm, diameter 5 cm) kept at 5 
degrees Celsius, for 10 seconds. The patients evaluate 
cold-provoked pain on an NRS scale from 0 (no pain) to 
10 (worst possible pain). The baseline assessment is car-
ried out at visit 1 and patients carry out the same test 
seven consecutive days thereafter and report the results 
in a diary.

Quality of life
Quality of life based on the EORTC QLQ 30 ques-
tionnaire at each visit compared to baseline. EORTC 
QLQ-30 is a self-reported questionnaire assessing the 
health-related quality of life (HRQoL) of cancer patients 
in clinical trials. The questionnaire is divided into three 
subscales assessing global health status, functional scales 
(physical functioning, role functioning, emotional func-
tioning, cognitive functioning, and social functioning) 
and symptom scales/items (fatigue, nausea and vomit-
ing, pain, dyspnea, insomnia, appetite loss, constipation, 
diarrhea, and financial difficulties). HRQoL will be evalu-
ated using the QLQ-C30 at baseline and at each planned 
visit until the end of the study (visits 1, 2, 3, 4 and 5). The 
scores will be calculated according to the standard oper-
ating procedure of the EORTC and rated from 0 to 100.

Mental health symptoms
Symptoms of anxiety, sleep problems and depression are 
all assessed using the Patient-Reported Outcome Meas-
urement Information System (PROMIS) 6a short form at 
visits 1 and 5. PROMIS includes questions about symp-
toms experienced during the previous 7 days with a fre-
quency or severity grading of symptoms. The scores are 
converted into PROMIS T scores, which are standard-
ized relative to an American/US reference population, 
and categorized according to impairment (normal, mild, 
moderate, and severe impairment) [58, 59].

Biomarker analysis
Blood samples will be taken at baseline, prior to each 
cycle of chemotherapy and at 8 months (visits 1, 2, 3, 4 
and 5). The samples will be analyzed in bulk for relevant 
inflammatory biomarkers including circulating SPMs and 
their downstream protein expression, such as resolvines 
and neuroprotectins. NfL will be measured and corre-
lated with OIPN, and patient-reported outcomes.

The skin biopsies taken at visits 1 and 5 will be used 
to quantify IENFD following published guidelines [53]. 
Additionally, other markers that are relevant to neuropa-
thy may be assessed as well.

Body composition
Body composition during fish oil/corn oil intake is meas-
ured by a bioimpedance scale. A small electrical impulse 
(approx. 0.8 mA) is released to the skin in contact with 
the surface of the scale. Different conductivities and 
resistances in different tissue types make it possible to 
calculate body mass index, and the percentage of fat and 
muscle tissue, respectively. The measurement will be car-
ried out at baseline, prior to each chemotherapy session 
and at 8 months (visits 1, 2, 3, 4 and 5) [60, 61].

Cognitive evaluation
Cognitive evaluation will be carried out at baseline and at 8 
months (visits 1 and 5). The tests comprise the trail making 
test A+B and part of the EORTC-QLQC30 questionnaire 
concerning cognition. In test A the patient must draw lines 
to connect circled numbers in a numerical sequence (1-2-3, 
etc.) as rapidly as possible. In test B the patient must draw 
lines to connect circled numbers and letters in an alter-
nating numeric and alphabetic sequence (1-A-2-B, etc.) as 
rapidly as possible. Test scores (finishing time) are compared 
with normative data stratified by age [62].

Documentation of cardiac events
To establish whether a cardiac or thromboembolic event 
has taken place during the trial period, patients are asked 
at visit 5. The statement is verified by a specific search 
in the patient’s medical record during the trial period. 
The search words are “cardiac event”, “AMI”, “STEMI”, 
“thromboembolic VTE”, and “LE”.

Assessment of blinding
At the end of the trial (visit 5), the patient and investiga-
tor will be asked which treatment they think the patient 
has received and the reason for this.

Assessment of adverse events
Adverse events will be assessed by the EORTC-QLQ 30 
at visits 2, 3, and 4 and by open-ended questions at visit 5.

Biobank
A biobank will be established at the Laboratory Center, 
Vejle Hospital for translational research.

The remaining material will be stored for 10 years 
in a biobank for future research and then destroyed. 
The biobank is approved by The Region of Southern 
Denmark.

Statistical analysis and sample size
The present study will compare the treatment outcomes 
of patients in the two arms.
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Based on previous studies we expect an OIPN preva-
lence of 50% in the control group and estimate a preva-
lence in the fish oil group to be 23%, which is a clinically 
meaningful difference [6, 39, 63]. Using 80% power and 
5% risk of type I error, the sample size estimate is 49+49 
patients for the primary objective. To account for drop-
outs, the project will include 120 patients, with 60 
patients in each group.

Patient demographics and baseline characteristics will 
be described using descriptive statistics. Continuous var-
iables will be summarized according to their distribution 
with medians and interquartile range (IQR) or means and 
standard deviations (sd). Categorical variables will be 
summarized with frequencies and percentages.

The primary endpoint (OIPN) is a dichotomous end-
point defined by the developed definition of OIPN. The 
two independent proportions of OIPN in the two ran-
domization arms will be compared using the  chi2 test 
and reported as frequencies and percentages with cor-
responding p-values. P-values <0.05 will be considered 
statistically significant. All analyses will be performed as 
intention-to-treat (ITT). In case of cross-over between 
study arms due to non-compliance, per protocol analyses 
will be performed as sensitivity analyses to explore the 
potential bias from the non-compliance. In per-protocol 
analyses, non-compliance will be defined using an 80% 
percent cut-off or a significant lack of DHA and EPA rise 
in compliance blood samples.

The proportion and patterns of missing data will be 
explored, and in the case of <5% missing data, analy-
ses will be performed as complete case. If the amount 
of missing data is comprehensive (>5%) or suggestive of 
biased estimates, appropriate methods of imputation will 
be applied depending on the patterns of missingness.

A complete statistical analysis plan covering each out-
come will be developed together with statistical con-
sultant Signe Timm M.Sc., PhD. Statistical analyses will 
be performed using STATA version 18 (STATA Corp., 
Texas, USA) and all steps of data management, coding 
and analyses will be logged.

Ethical considerations
The trial does not affect the treatment regimen or follow-
up for the patients. Skin biopsies are minimally invasive. 
It may cause a short lasting discomfort when placing 
the local anesthetic, and a small risk of wound infection 
(1:1.000). The risks involved in blood sampling include 
a small risk of temporary soreness and hematoma at the 
point of perforation.

Patients will not be financially reimbursed or 
compensated.

OIPN is a serious complication with no treatment 
options. Fish oil and corn oil have no known adverse 

effects. The group of patients receiving fish oil may ben-
efit from reduced neuropathy caused by the standard 
chemotherapy.

Trial status
The protocol is approved by the scientific ethics commit-
tee in the Southern Region, Denmark (S20220022, May 
 5th, 2022) and is registered in the clinicaltrials.gov data-
base: NCT05404230.

Inclusion began June  1st, 2022, in the first out of four 
planned sites. Sites two and three were opened for inclu-
sion in January 2023 and in May 2023, respectively. The 
fourth site is planned to open in October 2023. At pre-
sent, 15 out of 120 patients have been included. Patient 
inclusion is planned to continue until the end of 2024.

Discussion
Project OxaNeuro is a strong randomized, double blinded, 
placebo-controlled study including a solid biobank on 
this well-defined group of patients for future research. 
By defining OIPN and OIPN related neuropathic pain by 
evaluating both large and small nerve fibers and objec-
tively evaluating nerve fiber density together with relevant 
symptoms we obtain a comprehensive evaluation of OIPN. 
We adhere to current guidelines for defining neuropathic 
pain developed by the International Association of the 
Study of Pain Special Interest Group on Neuropathic Pain 
(NeuPSIG) and can establish neuropathic pain in these 
patients with a high level of certainty [64]. Due to a lack of 
consensus on the definition and evaluation on chemother-
apy induced neuropathy as well as the significant overlap 
in symptoms, our setup is based on the expert consensus 
on defining and evaluating diabetic neuropathies [65].

N-3 LCPUFAs have been studied for different purposes 
preclinically and in several groups of cancer patients, includ-
ing patients receiving concomitant chemotherapy, and there 
have been no reports of inferior antineoplastic results in the 
groups receiving n-3 LCPUFAs [45, 66, 67]. Furthermore, a 
study comprising almost 26,000 patients found no excess risk 
of bleeding, cardiovascular events, cancer, or other serious 
adverse events in patients receiving n-3 PUFAs compared 
to controls [68]. To achieve the anti-inflammatory effect and 
pain relief as observed in patients with rheumatoid arthritis, 
the ratio of EPA/DHA must exceed 1.5 [33]. Additionally, 
Dempsey et al recommend a combined dosage of EPA and 
DHA of at least 1000-15000 mg/day for a minimum of 12 
weeks to measure elevated levels of EPA and DHA in blood 
samples [69]. The chosen n-3 LCPUFA dosage in the Oxa-
Neuro project of 2 g EPA and 1 g EPA is based on these data, 
and the dosage is significantly higher than that in comparable 
studies [38–40]. However, the European Food Safety Author-
ity (EFSA) reports that a combined daily intake of up to 5 g of 
DHA and EPA is considered safe for adult consumption [70].
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Because fish oil is a supplementation readily available to 
purchase in various convenience stores, we chose to make 
the evaluation of compliance objective and thereby more 
reliable by measuring compliance via blood samples. In the 
field of supplementation studies, this method is regarded 
as the benchmark for evaluating compliance [71].

Despite our attempt to address study limitations by 
adhering to the ACTTION guidelines on CIPN trials 
[57], we acknowledge several limitations. The duration 
of the trial and the number of invasive prcodures (skin 
biopsy and blood samples) can be limitations due to 
the risk of discontinuations and subsequent inadequate 
power. Furthermore, power calculations were based on 
primary outcome only, thereby raising concerns of power 
for the secondary and tertiary outcomes, which conse-
quently will be regarded as exploratory only.

Since OIPN and neuropathic pain are not manageable 
or preventable, the current situation in oncology depart-
ments today is that OIPN and associated neuropathic 
pain cause dose reduction and premature cessation of 
potential lifesaving chemotherapy.

In this study we aim both to explore the mechanisms 
behind OIPN, evaluate different potential predictive bio-
markers and we examine a potential preventive treatment 
with a robust design. The main goal is to increase quality 
of life in cancer survivors receiving neurotoxic chemo-
therapy and potentially optimize treatment with oxalipl-
atin without invalidating side-effects.
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