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ABSTRACT
Oxaliplatin-induced peripheral neuropathy (OIPN) 
is a common side effect in patients receiving chemo-
therapy for colorectal cancer (CRC) and it remains 
the most frequent dose-limiting toxicity, affecting 
especially quality of life (QoL) of patients. The best 
known pathogenetic mechanisms is the production 
of reactive oxygen species (ROS) and their negative 
activity at the axonal level. Consequently, medical 
research focused on the hypothesis that antioxi-
dant substances may be efficacious in preventing 
OIPN. The purpose of our work is to report the 
experience of the PLANET trial (Oxaliplatin Neuro-
toxicity Prevention Trial) and provide a constructive 
discussion on one of the oncological toxicities still 
today little controlled by medical therapies.
The PLANET trial was a monocentric, prospective, 
randomized, placebo-controlled, double blind, 
phase II clinical study designed to investigate if the 
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PREVENTION OF OXALIPLATIN-INDUCED 
PERIPHERAL NEUROPATHY IN COLORECTAL 
CANCER: THE PLANET TRIAL EXPERIENCE

association of vitamin E and super oxide dismutase 
(SOD) is able to prevent OIPN in colorectal cancer 
patients receiving oxaliplatin-based chemotherapy 
regimens. Primary endpoint was the assessment of 
OIPN incidence and severity in the two treatment 
arms. Secondary endpoints were the correlation 
between the OIPN and the oxaliplatin dose in terms 
of symptoms intensity, type of neuropathy and 
quality of life; finally the OIPN duration along the 
follow-up checks. 47 patients with CRC, operated or 
in advance stage, candidates for oxaliplatin-based 
chemotherapy, were enrolled from January 2014 to 
October 2015 in our Center and randomized into 
the two groups, the experimental arm (24 patients) 
and the placebo arm (23 patients). The study includ-
ed an analysis of at least 18 months, 6 of treatment 
and 12 of follow-up. In the global cohort analyzed, 
32.5% of patients reported development of pares-
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INTRODUCTION
Colorectal cancer (CRC) represents the third most 
frequent oncological disease in men and women. 
Despite this high incidence, the mortality is low 
with a greater than 60% 5-years overall survival.
Over the few last decades there is an increase in 
survival, related to early diagnosis and treatment 
improvements (1). One of the most widely used 
treatment regimens, in both early and advanced pa-
tients, is oxaliplatin-based chemotherapy. Oxalipla-
tin is a third-generation platinum compound with a 
significant antineoplastic activity. It forms an essen-
tial part of colorectal cancer neoadjuvant, adjuvant 
and even in palliative chemotherapy regimens, par-
ticularly in combination with 5-FU and leucovorin 
in FOLFOX or in XELOX regimens. Its mechanism of 
action involves the cross-linking with the strands of 
DNA, inhibiting DNA replication and transcription 
(2-4). Like all drugs, especially oncological ones, ox-
aliplatin also has side effects. The main one is the 
peripheral neuropathy (5). Oxaliplatin-Induced Pe-
ripheral Neuropathy (OIPN) occurs in two distinct 
forms. Firstly, it appears as an acute cold-triggered 
sensory neuropathy which affects 85-90% of pa-

tients and which develops shortly after infusion of 
the drug with symptoms like paresthesias and/or 
disesthesias in the distal extremities, in the perio-
ral region and rarely in the throat. Symptoms reach 
their peak three days after administration, then 
tend to subside over the next 7 days. The second 
form of OIPN is a chronic neuropathy which affect 
10-15% of patients and which is correlated with 
the cumulative dose of oxaliplatin administered; 
it involves sensory loss, sensory ataxia and chang-
es in proprioception. Common symptoms include 
numbness, tingling and/or burning pain. This type 
of neurotoxicity persists throughout treatment 
and increases in intensity with cumulative dose; 
symptoms resolve within 6-12 months of cessation 
of therapy, but in a small group of patients, symp-
toms persist for more than one year (6-8).
This oncological toxicity, both in the acute and in the 
chronic form, interferes with the patient’s daily ac-
tivities, negatively affecting his quality of life (9, 10).
Regarding the pathogenetic mechanisms of OIPN, 
the best known is certainly the oxidative stress 
and the consequent axonal damage (11). Medical 
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thesias during chemotherapy treatment, with an 
increase of symptoms intensity in cycles progres-
sion of active treatment and a reduction during fol-
low-up. After 12 months of follow-up, 50% of partic-
ipants experienced complete relief of paresthesias 
while 50% had persistent symptoms. But the most 
important finding was the lack of statistical differ-
ences between the two arms in terms of neuropa-
thy incidence, toxicity and variations in QoL. 
OIPN represents a still poorly understood oncolog-
ical toxicity. In addition to oxidative stress, there 
are other pathogenetic mechanisms, partly clear 
and partly unknown. Scientific research is trying to 
better study them and to develop efficacious treat-
ment strategies against this toxicity. Over the years 
there have been many attempts to use various 

drugs but with unsatisfactory results. Our PLANET 
experience leads us to conclude that the associa-
tion of vitamin E and SOD has not proved effica-
cious in preventing the OIPN. The main reasons 
are due to the smallness of the sample analyzed 
and the pathogenetic complexity of the phenom-
enon in which oxidative stress represents, accord-
ing to medical literature, only a part of the mecha-
nisms responsible for the OIPN. The positive note 
is that the treatment has a good tolerance. OIPN 
remains an open chapter of oncology for which 
more information is needed in order to identify an 
efficacious treatment strategy. The prevention of 
this toxicity would allow a better management of 
platinum-based chemotherapy and an improve-
ment in the quality of life of patients.

IMPACT STATEMENT
With our work, mainly addressed to oncologist col-
leagues dealing with gastrointestinal malignancies, 
we wish to provide our monocentric experience on 
one of the still unresolved chemotherapy toxicities.
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research has therefore focused on the hypothesis 
that antioxidant substances may be efficacious in 
preventing this problem (12).
The purpose of our work is to report the experi-
ence of the PLANET trial (Oxaliplatin Neurotoxicity 
Prevention Trial) and provide a constructive dis-
cussion on one of the oncological toxicities still to-
day little controlled by medical therapies. 

MATERIALS AND METHODS

Study design, endpoints and evaluation 
systems

The PLANET trial was a monocentric, prospective, 
randomized, placebo-controlled, double-bind, phase 
II clinical study which evaluated the efficacy of a 
combination of vitamin E in the form of tocotrienols 
(Tocomax™) and super oxide dismutase (SOD) in 
preventing peripheral neuropathy in colorectal can-
cer patients. The study therefore had two arms: the 
experimental one consisting of the pharmacological 
combination and the control one based on placebo. 
The primary endpoint was the assessment of OIPN 
incidence and severity between the two treatment 
arms. The secondary endpoints were the correla-
tion between the OIPN and the oxaliplatin dose in 
terms of symptoms intensity, type of neuropathy 
and quality of life; finally, the OIPN duration along 
the follow-up checks.
The primary endpoint was assessed through the 
functional medical evaluation which attested the 
appearance of OIPN and its preliminary grada-
tion according to the NCI-CTCAE (National Cancer 
Institute - Common Toxicity Criteria for Adverse 
Events). Oncologist assigned a score as follows: 0 
= normal; 1 = weakness on physical exam and/or 
loss of reflexes or paresthesias not interfering with 
daily function; 2 = weakness and sensory altera-
tions interfering with daily function; 3 = weakness 
and sensory alterations interfering with activities 
of daily living or requiring bracing or assistive de-
vices; 4 = life threatening, paralysis, disabling (13).
For the assessment of the secondary endpoints, 
the patient questionnaires were added to the func-
tional medical evaluation. These were completed 
at baseline, prior to the start of treatment, at 3 and 
6 months and every three months after treatment 
cessation during the 12 months of follow-up. 
We selected two questionnaires validated and pro-
moted by the EORTC (European Organization for 
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Research and Treatment of Cancer). The first was 
the QLQ-CIPN20 (Quality of Life Questionnaire - 
Chemotherapy Induced Peripheral Neuropathy) 
which evaluated the link between the cumulative 
exposure to oxaliplatin and each aspect of the 
OIPN such as the type of neuropathy, the intensi-
ty of symptoms and the implications on quality of 
life. This tool included 20 items measurable through 
a Likert scale ranging from 1 (not at all) to 4 (very 
much); scores were linearly transformed to 0-100 
scale (14).
The second questionnaire was the QLQ-C30 (Qual-
ity of Life Questionnaire - Cancer) which assessed 
the quality of life of patients in relation to a large 
spectrum of physical, psychological and cognitive 
symptoms, not necessarily due to OIPN; each item 
was scored from 1 (not at all) to 4 (very much), ex-
cept for the global QoL perception which ranged 
from 1 (very poor) to 7 (excellent). Similarly, to the 
first, also in this questionnaire the scores obtained 
were transformed into a 0-100 scale (15).
Finally, the same tools were used to define the 
OIPN duration after 3, 6, 9, 12, 15 and 18 months 
from the start of treatment. 

Pharmacological rationale
In our experience we decided to use the combina-
tion of vitamin E and superoxide dismutase. These 
are two antioxidant substances that play a central 
role in fighting free radicals. Vitamin E is a powerful 
antioxidant which neutralizes reactive oxygen spe-
cies (ROS) and actively protects cells from oxidative 
stress and in particular from lipid peroxidation. Su-
peroxide dismutase, on the other hand, is an en-
dogenous enzyme present in most human tissues 
which converts ROS into hydrogen peroxide, thus 
contributing to the reduction of oxidative stress. 
We chose to use this drug combination for two 
main reasons: first of all, the best known and stud-
ied pathological mechanism of oxaliplatin-induced 
neuropathy is just the peripheral axonal damage 
due to oxidative stress. Secondly, we exploited the 
positive results of some preliminary studies which 
demonstrated the efficacy in the use of these mol-
ecules to prevent oxaliplatin neuropathy (12).

Patients population, analysis time and 
treatment plan
Colorectal cancer patients aged 18 years or more, 
with a good performance status (ECOG 0,1) were 
assigned to adjuvant or palliative chemotherapy 
with oxaliplatin after obtaining informed consent. 
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Preexisting or actual neuropathy from any other 
cause - mellitus diabetes, chronic alcoholism, mal-
nutrition or vitamin B deficiency, prior exposure to 
chemotherapy, pregnancy, and gluten intolerance 
were exclusion criteria. Forty-seven patients were 
enrolled from January 2014 to October 2015 in our 
Center, from a total of 80 expected patients. Due to 
a slowdown in enrollment, the study was closed ear-
ly. The diagram in figure 1 illustrates patients’ flow-
chart. Baseline characteristics were equivalent for 
the two treatment arms and are reported in table 
I. Thirty-eight patients were operated and received 
adjuvant chemotherapy while nine patients were in 
advanced stage and received palliative chemother-
apy. Of the total 47 patients, 24 were assigned to 
the experimental arm and 23 to the control arm.
The study included 18 months of analysis with a mini-
mum of 6 months of active therapy and 12 months of 
follow-up. Treatment interruption before 6 months, 
because of toxicity or early chemotherapy discontin-
uation, was considered in the statistical analysis.
The drug combination was registered as Reclex® 
but, for the purpose of our study, it was made 
clearly unrecognizable. Reclex® retard enteric-coat-
ed controlled-release pills were administered daily 
during the whole chemotherapy treatment period 
(6 months).  Even if one or more cycles of oxalip-
latin were not administered the antioxidant drug 
was maintained. Drug administration was inter-
rupted only in cases of severe oxaliplatin side ef-
fects. Patients were dropped from the trial if treat-
ment was interrupted for more than seven days.  

STATISTICAL ANALYSIS
All patients were recruited, treated and followed-up 
at the Medical Oncology Unit of IRCCS San Matteo 
Hospital of Pavia, in Italy. Patients were randomly 
assigned to Reclex® or placebo groups.  The sam-
ple size required (40 patients for each group) was 
calculated from the hypothesized difference of 
40% (control group) versus 10% (Reclex® group) in 
the neurotoxicity rate when power is set at 80%. 
Calculations used two-sided t tests with alpha er-
ror set at 0.05. Expecting a 10% of drop out, a total 
of 80 patients were considered for recruitment. 
Efficacy assessment is primarily conducted on an 
“intention-to-treat” approach. All randomized pa-
tients have been included in the data analysis: in 
cases of drop out and interrupted follow-up, pa-
tients were considered as not having achieved 
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47 patients enrolled

SOD + Vitamin E Arm

24 patients enrolled

22 patients completed
study treatment per

protocol

22 patients included in
intenion to treat

analysis
21 patients included in

intenion to treat
analysis

2 patients who did not
complete:

- 1 PD

- 1 retired consent

3 patients who did not
complete due to:

- 1 PD

- 1 drop out

- 1 adverse effect:
neurotoxicity

20 patients completed
study treatment per

protocol

Placebo Arm

23 patients enrolled

Figure 1. Patients flow-chart.

endpoint. Frequencies and percentages were cal-
culated for qualitative data and comparisons were 
analyzed using chi-square test or Fisher exact test, 
as appropriate. Mean and standard deviation were 
used for describe quantitative variables, if normal-
ly distributed, otherwise median and interquar-
tile range (IQR) were used. A t test for independ-
ent data (or equivalent non parametric test) was 
used to compare quantitative variables between 
two group. Linear regression models for repeat-
ed measures were used to analysis the changes 
over time of EORTC-CIPN20 and QLQ-C30 scores. 
Data were express as monthly change means with 
theirs Standard Errors (SE). A value of p < 0.05 was 
considered statistically significant. All tests were 
two-sided. The data analysis was performed using 
the STATA statistical package (version 15.0, 2017, 
Stata Corporation, College Station, Texas, USA).

RESULTS
Of the total 47 patients, 43 were analyzed as in-
tention to treat population. Regarding the prima-
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ly, there were no differences between the two arms 
in terms of non-neurological toxicities evaluated us-
ing the second questionnaire (figure 5). Reported 
side effects can be attributed to known toxicity asso-
ciated with chemotherapy and not to experimental 
compound or placebo. Therefore, SOD/tocotrienols 
association with chemotherapy was well tolerated. 
After 12 months of follow-up, 50% of participants 
experienced complete relief of paresthestias, 
while 50% had persistent symptoms, in most cases 
with grade 1, although 2 patients still had grade 
2. Our results partially reflect literature data on 
the incidence of paresthesias. The trial showed 
neurotoxicity in 32,5% of patients, a percentage 
slightly lower compared to the values present in 

ry endpoint of the study, the incidence rates and 
grades of neurotoxicity were assessed during 
treatment, at the end of treatment and after 12 
months of follow-up. During chemotherapy, 14 
patients (32,5% of total) reported development 
of paresthesias. Incidence of NCI-CTCAE grades is 
described in figure 2. We observed an increase of 
symptoms intensity during active treatment and a 
reduction during follow-up (figure 3).
For the secondary endpoints, the QLQ-CIPN20 ques-
tionnaire showed no significant difference between 
treatment arms in terms of OIPN incidence, evolu-
tion, type of neuropathy, symptoms intensity and 
quality of life (figure 4). The average monthly change 
of the QLQ-C30 scores is reported in table II. Similar-

Figure 2. a. Distribution of NCI-CTCAE grading of paresthesia at appearance; b. at the end of chemotherapy; c. after 12 months follow-up.

RECLEX® RETARD 
(NO 24) PLACEBO (NO 23) ALL P

Median Age (IQR) 59.0 (53.1 – 65.5) 64.6 (60.9 – 68.4) 62 0.0370

Female (%) 6 (25.0) 5 (21.7) 11 0.792

STAGE

C1/C2
D

18 (47)
6 (67)

20 (53)
3 (33)

38
9 0.461

PLANNED CHEMOTHERAPY REGIMEN (%)

XELOX
FOLFOX4
FOLFOX6 (± bevacizumab or 
panitumumab)

4 (16.7)
14 (58.3)
6 (25.0)

9 (39.1)
11 (47.8)
3 (13.0)

13
25
9

0.211

COMPLETED TREATMENT

XELOX
FOLFOX4
FOLFOX6 (± bevacizumab or 
panitumumab)

3 (12.5)
14 (58.3)
5 (20.8)

9 (39.1)
9 (39.1)
2 (8.7)

12
23
7

0.075

Table I. Baseline patient characteristics.
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Figure 3. Duration of paresthesias; in majority of cases paresthesias resolved within 4 months. Some patients still have experience of 
symptoms after 7, 10 months or after termination of follow-up period (12 months).

Figure 4. Results of QLQ-CIPN20.
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QLQ C30 - Global health status

Physical functioning

Role functioning

Emotional functioning

Cognitive functioning

Social functioning

Months

Reclex®retard Placebo

Figure 5. Results of QLQ-C30.

literature (40-50% as mean value). However, grade 
3 incidence is similar (9,3% in PLANET trial vs 10-
20% in literature). In the literature, symptoms are 
reported to be reversible within 6-12 months after 
treatment conclusion. Similarly, in the PLANET tri-
al, relief occurred in 6-12 months with a median of 
4 months (6-8).

DISCUSSION
The exact mechanisms underlying the OIPN are 
unclear.  It has been proposed that the acute form 
is a result of increased excitability of peripheral 
neurons caused by functional impairment of cur-

rents through Na+ voltage-gated ion channels in 
nerve membranes after the chelation of calcium 
by oxalate, a metabolite of oxaliplatin. Chronic 
neuropathy results instead from the accumula-
tion of platinum in dorsal root ganglion cells. A 
well-known pathological mechanism at the base of 
OIPN is the production of free radicals; these affect 
the integrity of the axonal membranes altering the 
correct conduction of nerve impulses (5-8, 11).
In the literature there is much evidence that sev-
eral classes of chemotherapy agents, including 
Oxaliplatin, can lead to the formation of ROS (16). 
This is the reason why medical research promoted 
the use of antioxidants in the prevention of OIPN. 
The most varied molecules with antioxidant activi-
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however obtaining a subsequent confirmation in 
the randomized and controlled clinical trials (23-
30).
The role of cannabinoids was studied in a small 
randomized trial which, however, was negative 
(31). Some researchers focused on cryotherapy 
and compression techniques, often combined, ob-
taining discordant results; in some trials it would 
seem that the techniques have a positive result 
in the management of OIPN in others they do not 
(32-40). 
One substance which seemed promising is met-
formin which in a small randomized trial it shown 
to reduce the severity of oxaliplatin-induced neu-
ropathy compared with the control arm. Clearly, 
more studies are needed to confirm its efficacy 
(41).
Many studies focused on the antiepileptic and an-
tidepressant drugs. Gabapentin and pregabalin 
appear to produce positive effects on OIPN but 
without evidence confirmed by large-scale clin-
ical studies (42-44). In the EFFOX trial, Durand et 
al. demonstrated a clear efficacy of venlafaxine 
in preventing OIPN; in contrast, Zimmerman and 
colleagues failed to confirm any benefit using this 
drug (45, 46). The only drug in this class that has 
been shown to be efficacious in the management 
of chemotherapy-induced neuropathy is duloxe-
tine. But its efficacy, as can be easily imagined, still 
needs to be validated (47-49).
Afterwards the research focus shifted to mole-
cules with neuroprotective activity. Mangafodipir 
is a chelate of manganese which seemed to reduce 
OIPN-related symptoms but its systematic use is 
not recommended due to the neurological toxicity 
resulting from the compound (50). Other neuro-
protective molecules like amfostine, N3-polyun-
saturated fatty acids, xaliproden, analgecine have 
been studied with promising effects in a few small 
trials (51-54).
Given the lack of real efficacy of global results, tra-
ditional oriental medicine has even been applied 
and in particular the role of herbs with a detoxify-
ing action or the acupuncture. Again, the final re-
sults are negative (55-58).
Despite positive results obtained in several trials, 
there are no recommendations for any of these 
substances. Further prospective, randomized, con-
trolled trials with larger sample sizes are needed 
to confirm these findings and to verify the clinical 
value of these agents in the management of OIPN.
But most of all, what is now evident is that the 

ty were tested, the main ones being vitamin E and 
glutathione. Overall, no specific molecule has been 
shown to be efficacious in preventing neurotoxici-
ty; the best and most encouraging results were ob-
tained with the use of glutathione (12, 17-20).
The following are the most significant studies on 
the other substances most frequently used in the 
management of oxaliplatin-induced neuropathy. 
Let’s start from the Acetyl-L-carnitine; this is an 
enzyme which transports fatty acids into the mi-
tochondria and appears to have an antioxidant 
action in the nervous system. Nevertheless, its effi-
cacy in preventing OIPN has not been proven (21).
Another substance put under the magnifying glass 
of scientific research is the Alpha-lipoic acid; it is an 
antioxidant molecule particularly active in the liver 
and nervous system. The only randomized study 
on its use concluded that it is unable to prevent 
OIPN and is also poorly tolerated (22).
A positive glimmer seemed to come from the intra-
venous administration of calcium and magnesium; 
several studies documented its efficacy without 

MEAN SE P

GLOBAL HEALTH 
STATUS   0.97 0.19 < 0.001

PHYSICAL 
FUNCTIONING   0.3 0.13    0.024

ROLE FUNCTIONING   0.71 0.14 < 0.001

EMOTIONAL 
FUNCTIONING   0.73 0.13 < 0.001

COGNITIVE 
FUNCTIONING - 0.16 0.17    0.356

SOCIAL FUNCTIONING   0.66 0.17 < 0.001

FATIGUE - 0.61 0.17    0.001

NAUSEA AND 
VOMITING - 0.20 0.06    0.002

PAIN - 0.38 0.15    0.012

DYSPNEA   0.02 0.16    0.879

INSOMNIA - 0.53 0.19    0.008

APPETITE LOSS - 0.34 0.14    0.022

CONSTIPATION - 0.29 0.25    0.246

DIARRHEA   0.04 0.15    0.795

FINANCIAL 
DIFFICULTIES - 0.26 0.25    0.303

Table II. Average monthly change of QLQ-C30.
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positive result on the pharmacological activity and 
on the clinical benefit of the substances used. The 
most important review we have today expresses 
a negative opinion on antioxidant substances, in-
cluding vitamin E and superoxide dismutase, in the 
management of OIPN, which is consistent with our 
small experience (61).
A methodological limitation is represented by 
the use of questionnaires for patients to assess 
the intensity of neuropathy, which, however well 
compiled, remain absolutely subjective tools. The 
choice of this system, nevertheless, is due just to 
the fact that the symptoms of neuropathy, from 
paresthesia to pain, are subjective experiences for 
which there are no validated tools able to change 
the symptom in a clinical sign perfectly objectiva-
ble; to do this, it is necessary to use specialized 
tests, such as electroneuromyography, which on 
the whole are expensive, require specialized staff 
and do not represent ideal and flexible methods 
to be used frequently as in our study (62). Finally, 
we can say that the antidote for this toxicity may 
not be a single drug but maybe a combination of 
several active molecules which reflects the multi-
factorial nature of problem. 
OIPN remains an open chapter of oncology for 
which more information is needed in order to 
identify an efficacious treatment strategy. The pre-
vention of this toxicity would allow a better man-
agement of platinum-based chemotherapy and an 
improvement in the quality of life of patients.
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pathogenesis of this problem is multifactorial, 
with partly still unknown mechanisms. Scientific 
research is trying to better study them and to de-
velop efficacious treatment strategies against this 
toxicity. 
The only useful approach that remains to oncol-
ogists is the management of oxaliplatin-based 
chemotherapy and more specifically the applica-
tion of strategies such as dose reduction, slowing 
the infusion rate or the “stop and go” strategy. OP-
TIMOX and CONcePT are two of the trials which 
have supported these OIPN prevention and treat-
ment strategies (59-60).
The American Society of Clinical Oncology (ASCO) 
recently published the guidelines for the preven-
tion and management of chemotherapy-induced 
peripheral neuropathy; it is a monumental review 
of the literature on the subject that rigorously ana-
lyzes nearly 40 substances, classifying them by 
strength of recommendation, evidence and clinical 
benefit. The innovative purpose of this work is the 
revision of randomized studies on the use of the 
analyzed substances in order to draw general and 
non-anecdotal conclusions. The ASCO expert pan-
el confirms the appropriateness of clinical strate-
gies for reducing or discontinuing chemotherapy 
and recognizes, with a moderate level of benefit, 
the treatment of OIPN with duloxetine reserving 
to obtain further data from subsequent and more 
targeted studies (61).

CONCLUSIONS
Our PLANET experience leads us to conclude that the 
association of vitamin E and SOD has not proved ef-
ficacious in preventing the OIPN. The main reasons 
are due to the smallness of the sample analyzed 
and the pathogenetic complexity of the phenome-
non in which oxidative stress represents, according 
to medical literature, only a part of the mechanisms 
responsible for the OIPN. The positive note is that 
the treatment has a good tolerance. 
As happens in most monocentric studies, a lim-
it to be dealt with is just the small sample of pa-
tients studied which understandably affects the 
non-generalizability of the results obtained. Nev-
ertheless, given the lack of solid data on this topic, 
we decided to publish our experience anyway, net 
of the final results. When we realized our work the 
ASCO guidelines had not yet been published so we 
based on preliminary studies which showed some 



52

Vol. 1(1), 43-55, 2021

ation with quality of life among 2- to 11- year 
colorectal cancer survivors: results from the 
population-based PROFILES registry. J Clin On-
col 2013;31(21):2699-707. 

11.	 Di Cesare Mannelli L, Zanardelli M, Failli P, 
Ghelardini C. Oxaliplatin-induced neuropathy: 
oxidative stress as pathological mechanism. Pro-
tective effect of silibinin. J Pain 2012;13(3):276-84.

12.	 Stankovic JSK, Selakovic D, Mihailovic V, Rosic G. 
Antioxidant Supplementation in the Treatment 
of Neurotoxicity Induced by Platinum-Based 
Chemotherapeutics. A Review. Int J Mol Sci 
2020;21(20):7753. 

13.	 National Cancer Institute, Department of 
Health and Human Services, Common Termi-
nology Criteria for Adverse Events (Version 4.0; 
2009). Available at: https://www.eortc.be/ser-
vices/doc/ctc/CTCAE_4.03_2010-06-14_Quick-
Reference_5x7.pdf. Accessed: 04/02/2021. 

14.	 European Organization for Research and Treat-
ment on Cancer, Quality of Life Questionnaire, 
Chemotherapy Induced Peripheral Neuropathy 
20. Available at: https://www.eortc.org/app/up-
loads/sites/2/2018/08/Specimen-CIPN20-Eng-
lish.pdf. Accessed: 04/02/2021.

15.	 European Organization for Research and Treat-
ment on Cancer – Quality of Life Question-
naire, Cancer 30. Available at: https://www.
eortc.org/app/uploads/sites/2/2018/08/Speci-
men-QLQ-C30-English.pdf. Accessed: 04/02/2021.

16.	 Conklin KA. Chemotherapy-Associated Oxida-
tive Stress: Impact on Chemotherapeutic Effec-
tiveness. Integrative Cancer Therapies. Decem-
ber 2004:294-300.

17.	 Argyriou AA, Chroni E, Koutras A, et al. Prevent-
ing paclitaxel-induced peripheral neuropathy: 
a phase II trial of vitamin E supplementation. J 
Pain Symptom Manage 2006;32(3):237-44.

18.	 Kottschade LA, Sloan JA, Mazurczak MA, et 
al. The use of vitamin E for the prevention of 

REFERENCES
1.	 International Agency for Research on Cancer. 

Global cancer observatory 2018. Available at: 
http://gco.iarc.fr/. Accessed: 04/02/2021.

2.	 Raymond E, Chaney SG, Taamma A, Cvitkovic E. 
Oxaliplatin: a review of preclinical and clinical 
studies. Ann Oncol 1998; 9(10):1053-71. 

3.	 Andre T, Boni C, Mounedji-Boudiaf L, et al. Ox-
aliplatin, fluorouracil, and leucovorin as adju-
vant treatment for colon cancer. N Engl J Med 
2004; 350:2343-51.

4.	 De Gramont A, Figer A, Seymour M, et al. Leuco-
vorin and fluorouracil with or without Oxalipla-
tin as first-line treatment in advanced colorec-
tal cancer. J Clin Oncol 2000; 18(16):2938-47.

5.	 Gamelin E, Gamelin L, Bossi L, Quasthoff S. Clin-
ical aspects and molecular basis of oxaliplatin 
neurotoxicity: current management and devel-
opment of preventive measures. Semin Oncol 
2002; 29(5 Suppl 15):21–33.

6.	 Saif MW, Reardon J. Management of oxalipla-
tin-induced peripheral neuropathy.  Ther Clin 
Risk Manag 2005;1(4):249-58.

7.	 Wilson RH, Lehky T, Thomas RR, Quinn MG, 
Floeter MK, and Grem JL. Acute oxaliplatin-in-
duced peripheral nerve hyperexcitability. J Clin 
Oncol 2002;1(20):1767–74. 

8.	 Bejers AJM, Mols F, Vreugdenhil G. A system-
atic review on chronic oxaliplatin-induced pe-
ripheral neuropathy and the relation with ox-
aliplatin administration. Support Care Cancer 
2014;22(7):1999-2007. 

9.	 Tofthagen C, Donovan KA, Morgan MA, Shibata 
D, Yeh Y. Oxaliplatin-induced peripheral neu-
ropathy’s effects on health-related quality of 
life of colorectal cancer survivors. Support Care 
Cancer 2013;21(12):3307-13. 

10.	 Mols F, Beijers T, Lemmens V, van der Hurk CJ, 
Vreugdenhil G, van de Poll-Franse LV. Chemo-
therapy-induced neuropathy and its associ-

the statistical processing and the specific Statisti-
cal analysis section; SB supervised the entire work, 
working in detail in the Discussion section. 

Ethical approval and consent to participate 
The study was approved by the local ethics com-
mittee of the Politecnico San Matteo (Pavia, Italy) in 
compliance with the Declaration of Helsinki. 

just before a reasonable request to the corre-
sponding author. 

Authors’ contribution 
SA had the idea of the project and oversaw the 
drafting of it in each section; RT, FS, TM, CG, AF 
edited the sections Introduction, Materials and 
Methods, Results and Conclusions; CT dealt with 

https://pubmed.ncbi.nlm.nih.gov/9834817/
https://pubmed.ncbi.nlm.nih.gov/15541581/
https://pubmed.ncbi.nlm.nih.gov/10944126/
https://pubmed.ncbi.nlm.nih.gov/12422305/
https://pubmed.ncbi.nlm.nih.gov/18360567/
https://pubmed.ncbi.nlm.nih.gov/11919233/
https://pubmed.ncbi.nlm.nih.gov/24728618/
https://pubmed.ncbi.nlm.nih.gov/23903798/
https://pubmed.ncbi.nlm.nih.gov/23775951/
https://pubmed.ncbi.nlm.nih.gov/23775951/
https://pubmed.ncbi.nlm.nih.gov/22325298/
https://pubmed.ncbi.nlm.nih.gov/33092125/
https://pubmed.ncbi.nlm.nih.gov/15523100/
https://pubmed.ncbi.nlm.nih.gov/16939848/
https://pubmed.ncbi.nlm.nih.gov/20936417/


53

Vol. 1(1), 43-55, 2021

on the incidence of neurotoxicity and clinical 
outcome of oxaliplatin-based systemic treat-
ment in advanced colorectal cancer patients. 
Eur J Cancer 2011;47 (3):369-74. 

29. Loprinzi CL, Qin R, Dakhil SR, et al. Phase III
randomized, placebo-controlled, double blind  
study of intravenous calcium and magnesi-
um to prevent oxaliplatin induced sensory 
neurotoxicity (N08CB/Alliance). J Clin Oncol 
2014;32(10):997-1005. 

30. Jordan B, Jahn F, Beckmann J, Unverzagt S, Mul-
ler-Tidow C, Jordan K. Calcium and magnesium 
infusion for the prevention of oxaliplatin-in-
duced peripheral neurotoxicity: a systematic 
review. Oncology 2016;90(6):299-306.

31. Lynch ME, Cesar-Rittenberg P, Hohmann AG. A
double-blind, placebo-controlled, crossover pi-
lot trial with extension using an oral mucosal 
cannabinoid extract for treatment of chemo-
therapy-induced neuropathic pain. J Pain Symp-
tom Manage. 2014;47(1):166-73.

32. Hanai A, Ishiguro H, Sozu T, et al. Effects of Cryo-
therapy on Objective and Subjective Symptoms 
of Paclitaxel-Induced Neuropathy: Prospective 
Self-Controlled Trial, JNCI: Journal of the Na-
tional Cancer Institute 2018;110(2):141–8.

33. Beijers AJM, Bonhof CS, Mols F, et al. Multicenter
randomized controlled trial to evaluate the ef-
ficacy and tolerability of frozen gloves for the 
prevention of chemotherapy-induced periph-
eral neuropathy. Ann Oncol 2020;31(1):131-6.

34. Ruddy KJ, Le-Rademacher J, Lacouture ME, et al.
Randomized controlled trial of cryotherapy to 
prevent paclitaxel-induced peripheral neurop-
athy; an ACCRU trial. Breast 2019;48:89-97.

35. McCarthy AL, Shaban RZ, Gillespie K, Vick J. Cry-
otherapy for docetaxel-induced hand and nail 
toxicity: randomised control trial. Support Care 
Cancer 2014;22(5):1375-83.

36. Griffiths C, Kwon N, Beaumont JL, Paice JA.
Cold therapy to prevent paclitaxel-induced 
peripheral neuropathy. Support Care Cancer 
2018;26(10):3461-9.

37. Sundar R, Bandla A, Tan SS, Liao LD, et al. Limb
Hypothermia for Preventing Paclitaxel-Induced 
Peripheral Neuropathy in Breast Cancer Pa-
tients: A Pilot Study. Front Oncol 2017;6:274.

38. Bandla A, Tan S, Kumarakulasinghe NB, et al.
Safety and tolerability of cryocompression as a 
method of enhanced limb hypothermia to re-
duce taxane-induced peripheral neuropathy. 
Support Care Cancer 2020;28(8):3691-9.

chemotherapy-induced peripheral neuropathy: 
results of a randomized phase III clinical trial. 
Support Care Cancer 2011; 19(11):1769-77.

19. Cascinu S, Catalano V, Cordella L, et al. Neu-
roprotective effect of reduced glutathione 
on oxaliplatin-based chemotherapy in ad-
vanced colorectal cancer: a randomized, dou-
ble-blind, placebo-controlled trial. J Clin On-
col;20(16):3478–83. 

20. Takimoto N, Sugawara S, Iida A, et al. Preven-
tion of oxaliplatin-related neurotoxicity by 
glutathione infusions. Gan To Kagaku Ryo-
ho;35(13):2373-6.

21. Hershman DL, Unger JM, Crew KD, et al. Ran-
domized double-blind placebo-controlled trial 
of acetyl-L-carnitine for the prevention of tax-
ane-induced neuropathy in women undergo-
ing adjuvant breast cancer therapy. J Clin Oncol 
2013;31(20):2627-33.

22. Guo Y, Jones D, Palmer JL, et al. Oral alpha-lipoic
acid to prevent chemotherapy-induced periph-
eral neuropathy: a randomized, double-blind, 
placebo-controlled trial. Support Care Cancer 
2014;22(5):1223-31.

23. Gamelin L, Boisdron-Celle M, Delva R, et al. Pre-
vention of oxaliplatin-related neurotoxicity by 
calcium and magnesium infusions: A retrospec-
tive study of 161 patients receiving oxaliplatin 
combined with 5-fluorouracil and leucovorin 
for advanced colorectal cancer. Clinical Cancer 
Research 2004;10(12 pt 1):4055–61.

24. Hochster HS, Grothey A, Childs BH: Use of
calcium and magnesium salts to reduce ox-
aliplatin related neurotoxicity. J Clin Oncol 
2007;25(25):4028-9.

25. Gamelin L, Boisdron-Celle M, Morel A, et al. Ox-
aliplatin-related neurotoxicity: interest of calci-
um-magnesium infusion and no impact on its 
efficacy. J Clin Oncol 2008;26(7):1188-9; author 
reply 1189-90.

26. Ishibashi K, Okada N, Miyazaki T, Sano M, Ishida H.
Effect of calcium and magnesium on neurotoxici-
ty and blood platinum concentrations in patients 
receiving mFOLFOX6 therapy: a prospective ran-
domized study. Int J Clin Oncol 2010;15(1):82-7. 

27. Grothey A, Nikcevich DA, Sloan JA, et al. Intra-
venous calcium and magnesium for oxalip-
latin-induced sensory neurotoxicity in adju-
vant colon cancer: NCCTG N04C7. J Clin Oncol 
2011;29(4):421-7. 

28. Knijn N, Tol J, Koopman M, et al. The effect of
prophylactic calcium and magnesium infusions 

https://pubmed.ncbi.nlm.nih.gov/20936417/
https://pubmed.ncbi.nlm.nih.gov/12177109/
https://pubmed.ncbi.nlm.nih.gov/19098405/
https://pubmed.ncbi.nlm.nih.gov/23733756/
https://pubmed.ncbi.nlm.nih.gov/24362907/
https://pubmed.ncbi.nlm.nih.gov/15217938/
https://pubmed.ncbi.nlm.nih.gov/17664456/
https://pubmed.ncbi.nlm.nih.gov/18309961/
https://pubmed.ncbi.nlm.nih.gov/20108160/
https://pubmed.ncbi.nlm.nih.gov/21189381/
https://pubmed.ncbi.nlm.nih.gov/21067912/
https://pubmed.ncbi.nlm.nih.gov/21067912/
https://pubmed.ncbi.nlm.nih.gov/24297951/
https://pubmed.ncbi.nlm.nih.gov/27169552/
https://pubmed.ncbi.nlm.nih.gov/23742737/
https://pubmed.ncbi.nlm.nih.gov/29924336/
https://pubmed.ncbi.nlm.nih.gov/31912787/
https://pubmed.ncbi.nlm.nih.gov/31590108/
https://pubmed.ncbi.nlm.nih.gov/24362908/
https://pubmed.ncbi.nlm.nih.gov/29681015/
https://pubmed.ncbi.nlm.nih.gov/28119855/
https://pubmed.ncbi.nlm.nih.gov/31811482/


54

Vol. 1(1), 43-55, 2021

Safety of Pregabalin and Duloxetine in Taxane-In-
duced Sensory Neuropathy: A Randomized Con-
trolled Trial. Clin Drug Investig 2020;40(3):249-57.

50.	 Coriat R, Alexandre J, Nicco C, et al. Treatment 
of  oxaliplatin-induced peripheral neuropathy 
by intravenous mangafodipir. J Clin Investiga-
tion 2014;124(1):262-72. 

51.	 Penz M, Kornek GV, Raderer M, Ulrich-Pur H, Fie-
biger W, Scheithauer W. Subcutaneous administra-
tion of amfostine: a promising therapeutic option 
in patients with oxaliplatin-related peripheral sen-
sitive neuropathy. Ann Oncol 2001;12(3):421–2.

52.	 Esfahani A, Somi MH, Ayromlou H, et al. The effect 
of n-3 polyunsaturated fatty acids on incidence 
and severity of oxaliplatin induced peripheral 
neuropathy: a randomized controlled trial. Biom 
Res 2016;4:13. 

53.	 Cassidy J, Bjarnason GA, Hickish T et al. Rand-
omized double blind placebo controlled phase 
III study assessing the efficacy of xaliproden 
in reducing the cumulative peripheral sensory 
neuropathy induced by oxaliplatin and 5-FU/LV 
combination (FOLFOX4) in first line treatment 
of patients with metastatic colorectal cancer. J 
Clin Oncol 2006;24(Suppl):18S.

54.	 Liu MY, Huang XE. Effects of analgecine on ox-
aliplatin-induced neurotoxicity in patients with 
gastrointestinal cancer. Asian Pacific J of Cancer 
Prevention 2015; 16(10):4465-8. 

55.	 Kono T, Hata T, Morita S, et al. Goshajinkigan 
oxaliplatin neurotoxicity evalutation (GONE): a 
phase 2, multicenter, randomized, double-bind, 
placebo-controlled trial of goshajinkigan to pre-
vent oxaliplatin-induced neuropathy. Cancer 
Chemother Pharmacol 2013;72(6):1283-90.

56.	 Liu Y, Zhu G, Han L, Liu J, Ma T, Yu H. Clinical 
study on the prevention of oxaliplatin induced 
neurotoxicity with guilongtongluofang: results 
of a randomized, double-blind, placebo-con-
trolled trial. Evidence Based Complementary 
and Alternative Medicine 2013;541217.

57.	 Molassiotis A, Suen LKP, Cheng HL, et al. A Rand-
omized Assessor-Blinded Wait-List-Controlled Trial 
to Assess the Effectiveness of Acupuncture in the 
Management of Chemotherapy-Induced Peripher-
al Neuropathy. Integrative Cancer Therapies 2019.

58.	 Lu W, Giobbie-Hurder A, Freedman RA, et al. Ac-
upuncture for Chemotherapy-Induced Periph-
eral Neuropathy in Breast Cancer Survivors: A 
Randomized Controlled Pilot Trial. Oncologist 
2020;25(4):310-8.

59.	 De Gramont A, Cervantes A, Andre T. OPTIMOX 

39.	 Tsuyuki S, Senda N, Kanng Y, et al. Evaluation of 
the effect of compression therapy using surgi-
cal gloves on nanoparticle albumin-bound pacl-
itaxel-induced peripheral neuropathy: a phase 
II multicenter study by the Kamigata Breast 
Cancer Study Group. Breast Cancer Res Treat 
2016;160(1):61-7.

40.	 Kanbayashi Y, Sakaguchi K, Ishikawa T, et al. 
Comparison of the efficacy of cryotherapy and 
compression therapy for preventing nanopar-
ticle albumin-bound paclitaxel-induced periph-
eral neuropathy: A prospective self-controlled 
trial. Breast 2020;49:219-24.

41.	 El-Fatatry BM, Ibrahim OM, Hussien FZ, Mosta-
fa TM. Role of metformin in oxaliplatin-induced 
peripheral neuropathy in patients with stage 
III colorectal cancer: randomized, controlled 
study. Int J Colorectal Dis 2018;33(12):1675-83.

42.	 Mariani G, Garrone O, Granetto C, et al. Oxalipla-
tin induced neuropathy: could gabapentin be the 
answer? Proc Am Soc Clin Oncol 2000;19:609.

43.	 Rao RD, Michalak JC, Sloan JA, et al. Efficacy 
of gabapentin in the management of chemo-
therapy-induced peripheral neuropathy – A 
phase 3 randomized, double-blind, place-
bo-controlled, crossover trial (NOOC3). Cancer 
2007;1;110(9):2110–8. 

44.	 Saif MW, Syrigos K, Kaley K, Isufi I. Role of pre-
gabalin in treatment of oxaliplatin induced 
sensory neuropathy. Anticancer Res 2010; 
30(7):2927–33.

45.	 Durand JP, Deplanque G, Montheil V, et al. Effica-
cy of venlafaxine for the prevention and relief of 
oxaliplatin-induced acute neurotoxicity: results of 
EFFOX, a randomized, double-blind, placebo-con-
trolled phase III trial. Ann Oncol 2012;23(1):200–5.  

46.	 Zimmerman C, Atherton PJ, Pachman D, et al. 
MC11C4: a pilot randomized, placebo-con-
trolled, double-blind study of venlafaxine to 
prevent oxaliplatin-induced  neuropathy. Sup-
port Care Cancer 2016;24(3):1071-8. 

47.	 Farshchian N, Alavi A, Heydarheydari S, Mo-
radian N. Comparative study of the effects of 
venlafaxine and duloxetine on chemother-
apy-induced peripheral neuropathy. Cancer 
Chemother Pharmacol 2018;82(5):787-93.

48.	 Hirayama Y, Ishitani K, Sato Y, et al. Effect of du-
loxetine in Japanese patients with chemother-
apy-induced peripheral neuropathy: a pilot ran-
domized trial. Int J Clin Oncol 2015;20(5):866-71.

49.	 Salehifar E, Janbabaei G, Hendouei N, Alipour A, 
Tabrizi N, Avan R. Comparison of the Efficacy and 

https://pubmed.ncbi.nlm.nih.gov/27620884/
https://pubmed.ncbi.nlm.nih.gov/31901783/
https://pubmed.ncbi.nlm.nih.gov/29931409/
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.999.8195&rep=rep1&type=pdf
https://pubmed.ncbi.nlm.nih.gov/17853395/
https://pubmed.ncbi.nlm.nih.gov/20683034/
https://pubmed.ncbi.nlm.nih.gov/21427067/
https://pubmed.ncbi.nlm.nih.gov/26248652/
https://pubmed.ncbi.nlm.nih.gov/30105459/
https://pubmed.ncbi.nlm.nih.gov/25762165/
https://pubmed.ncbi.nlm.nih.gov/31925721/
https://pubmed.ncbi.nlm.nih.gov/31925721/
https://pubmed.ncbi.nlm.nih.gov/24355920/
https://pubmed.ncbi.nlm.nih.gov/11332158/
https://pubmed.ncbi.nlm.nih.gov/27340553/
https://pubmed.ncbi.nlm.nih.gov/22965960/
https://pubmed.ncbi.nlm.nih.gov/26028115/
https://pubmed.ncbi.nlm.nih.gov/24121454/
https://pubmed.ncbi.nlm.nih.gov/24324514/
https://pubmed.ncbi.nlm.nih.gov/30905173/
https://pubmed.ncbi.nlm.nih.gov/32297442/
https://ascopubs.org/doi/10.1200/jco.2004.22.90140.3525


55

Vol. 1(1), 43-55, 2021

61.	 Loprinzi CL, Lacchetti C, Bleeker J, et al. Preven-
tion and Management of Chemotherapy-Induced 
Peripheral Neuropathy in Survivors of Adult 
Cancers: ASCO Guideline Update. J Clin Oncol 
2020;38(28):3325-48.

62.	 Vas PR, Sharma S, Rayman G. Distal Sensorimo-
tor Neuropathy: Improvements in Diagnosis. 
Rev Diabet Stud 2015;12(1-2):29-47. 

study: FOLFOX7/LV5FU2 compared to FOLFOX4 
in patients with advanced colorectal cancer. J 
Clin Oncol 2004;22:3525.

60.	 Grothey A, Hart LL, Rowland KM, et al. Inter-
mittent oxaliplatin administration and time-to-
treatment failure in metastatic colorectal cancer: 
Final results of the phase III CONcePT trial. J Clin 
Oncol (Meeting Abstracts) 2008;26(15):4010.

https://ascopubs.org/doi/10.1200/jco.2004.22.90140.3525
https://www.researchgate.net/publication/287821855_Intermittent_oxaliplatin_oxali_administration_and_time-to-treatment-_failure_TTF_in_metastatic_colorectal_cancer_mCRC_Final_results_of_the_phase_III_CONcePT_trial
https://pubmed.ncbi.nlm.nih.gov/32663120/
https://pubmed.ncbi.nlm.nih.gov/26676660/



