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Abstract
Background Oxaliplatin is effective in adjuvant and first-
line colorectal cancer chemotherapy. Oxaliplatin-induced
severe chronic neurotoxicity is the main dose-limiting ad-
verse event. No standard treatment for oxaliplatin-induced
chronic neurotoxicity has been identified.
Materials and methods We conducted a prospective pilot
clinical trial to explore whether neurotropin has neuropro-
tective effects on chronic neurotoxicity. From May 1, 2010
to May 1, 2011, 80 stage II and III colorectal cancer patients
who were eligible to receive oxaliplatin-based chemothera-
py voluntarily enrolled in the trial. The patients were ran-
domly divided into two groups, one of which received
neurotropin treatment.
Results The patients in the control group experienced sig-
nificantly≥grade 2 and≥grade 3 neurotoxicity (by NCI
CTCAE grading) than those in the neurotropin group (60.9
vs. 21.1 %, for at least grade 2 neurotoxicity, P00.001; 39
vs. 2.7 %, for at least grade 3 neurotoxicity, P<0.001). If
neurotoxicity was assessed by oxaliplatin-specific neurotox-
icity grading, the patients in the control group also experi-
enced significantly more≥grade 2 neurotoxicity (51.2 vs.

12.5 %, P00.001). Neurotropin was the only factor that
affected the incidence of≥grade 2 neurotoxicity in the mul-
tivariate Cox proportional hazards regression analysis.
Conclusion Neurotropin combinedwith oxaliplatin decreases
chronic neurotoxicity effectively and safely.
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Introduction

Colorectal cancer (CRC) is the third most frequently diag-
nosed cancer worldwide and occurs in developed countries.
The incidence of colorectal cancer has been increasing
worldwide. However, mortality has decreased over the past
30 years [1]. This decrease may be due to earlier diagnosis
and better adjuvant chemotherapy. Oxaliplatin (Eloxatin,
Sanofi Aventis) is a new cytotoxic agent from the diamino-
cyclohexane platinum family [2]. Oxaliplatin in combina-
tion with 5-fluorouracil (5-FU) and folinic acid or with
capecitabine (5-FU pro-drug, Hoffmann-La Roche Inc.) is
effective in adjuvant and first-line chemotherapy for CRC
[3–5].

The most common oxaliplatin-associated adverse event is
neurotoxicity. Previous studies have reported that
oxaliplatin-induced peripheral neuropathy affects 90 % of
all treated patients [6]. The incidence of oxaliplatin-induced
severe neurotoxicity ranges from 12 to 18 % in different
clinical trials [3, 7]. There are two distinct syndromes of
oxaliplatin-induced neurotoxicity. The first is acute neuro-
toxicity, a unique syndrome of acute, transient peripheral
nerve paraesthesias that occurs at low cumulative doses and
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can be triggered by exposure to cold. Patients often experi-
ence acute neurotoxicity within hours of exposure to oxali-
platin and recovered after several hours or days. The second
is chronic neurotoxicity, which is correlated with the cumu-
lative oxaliplatin dose and may last for several months.
Chronic neurotoxicity is characterised by a severe distur-
bance in neurological function [8], and it is the main reason
that patients refuse to continue with oxaliplatin treatment
[9].

Many strategies had been proposed to prevent or treat
oxaliplatin-induced neurotoxicity. Currently, the most com-
mon strategy is to discontinue the oxaliplatin [7]. Neuro-
modulatory agents, such as calcium–magnesium infusions
[10], carbamazepine and gabapentin [11], amifostine [12],
and glutathione [13] have some demonstrated effect in pre-
venting and treating oxaliplatin-induced acute neuropathy.
Many of these neuromodulatory agents focus on acute neu-
ropathy. How to prevent and treat chronic oxaliplatin neu-
rotoxicity remains a current clinical problem.

Neurotropin (Nippon Zoki Pharmaceutical Co. Ltd) is a
non-protein extract that is derived from the inflamed skin of
rabbits inoculated with the vaccinia virus. Neurotropin has
been used clinically to treat various types of chronic pain,
including post-herpetic neuralgia, lower back pain, cervico-
dynia and peripheral neuropathies, and the hyperaesthesia of
subacute myelo-optic neuropathy, for many years. Neuro-
tropin has been shown to be a safe and effective agent for
chronic neuropathy. From Kawashiri T's study, we knew
that neurotropin can prevent oxaliplatin-related neurotoxic-
ity in rat model [14]. However, no prospective, randomised
clinical trial has previously investigated the effect of neuro-
tropin on the oxaliplatin-induced neuropathy. We designed a
prospective, open-label, randomised, single-centre, pilot
clinical trial to examine the effect of neurotropin on the
oxaliplatin-induced neuropathy. From our previous experi-
ence, we required randomization of 80 patients.

Materials and methods

This study was conducted in accordance with the ethical
standards of the 1964 Declaration of Helsinki, which are the
laws and regulations protecting research patients in China.
This study was approved by the appropriate ethics commit-
tee of the Sun Yat-sen University Cancer Centre. Full writ-
ten informed consent was obtained from all of the patients
before study enrolment

Eligiblity criteria

The eligible patients were ≥18 years old with pathologically
confirmed stage II to III colorectal cancer, who were fully
recovered after curative resection within 8 weeks. Patients

with pre-existing neuropathy, diabetes mellitus, alcoholic
disease, or central nervous system disease were excluded
from this study.

Study design and treatment

The study was designed to identify the effect of neurotropin
on oxaliplatin-induced neurotoxicity in patients receiving
oxaliplatin-based chemotherapy. As no previous study has
assessed the effects of neurotropin on oxaliplatin-induced
neurotoxicity, it was impossible to calculate the sample size.
Therefore, this pilot study enrolled 80 research patients.

The patients were randomly assigned to adjuvant chemo-
therapy (the XELOX regimen) with or without neurotropin.
The randomisation was performed using the SPSS 13.0
random number generator. The XELOX regimen consisted
of eight 3-week cycles of a 3-h intravenous infusion of
oxaliplatin 130 mg/m2 on day 1 and 1,000 mg/m2 oral
capecitabine twice daily, given for 14 days of 3 weeks cycle
(day 1–14). All of the patients in the neurotropin group
received neurotropin 8 IU twice a day, given for 14 days
(day 1–14 ) of 3 weeks cycle, for total of eight cycles,
concurrently with the use of capecitabine.

Treatment modification

The treatment modifications were based on the most severe
adverse events that were observed during the previous treat-
ment cycle. The chemotherapy was temporarily halted if any
grade 2 adverse events were observed. The XELOX dose-
modification schema was developed to evaluate the require-
ment for treatment modifications. The oxaliplatin and cape-
citabin dose was reduced to 75 % of the initial dose if any
grade 3 adverse events occurred. The chemotherapy was
discontinued if any grade 4 adverse events occurred.

Baseline assessment

The patient's demographics, medical history, prior cancer
and treatment history, and concomitant disease/treatment
were assessed at this time. The patient's height, weight, vital
signs (body temperature, blood pressure and heart rate),
haematology, routine blood test and blood chemistry were
assessed within 7 days of randomisation.

Evaluation of safety

During the treatment and for 30 days after the last adminis-
tration of the drug, the adverse events were monitored every
week by an investigator and every 3 weeks by two clini-
cians. The intensity of the adverse events and laboratory
parameters were graded according to National Cancer Insti-
tute common terminology criteria for adverse events version
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4.0 (NCI CTCAE version 4.0). A complete laboratory as-
sessment was performed before each treatment cycle (2 or
3 days before each cycle). The neurotoxicity was graded
according to the common terminology criteria for adverse
events (NCI CTCAE version 4.0) and oxaliplatin-specific
neurotoxicity grading which are detailed in Tables 1 and 2.

Statistical methods

The x2 test, continuity correction x2 test and Fisher's exact
tests were used to assess the effect of neurotropin on the
incidence and severity of oxaliplatin-induced neurotoxicity
and other adverse events. Inverted Kaplan–Meier curves and
the log-rank test were used to determine the relationship and
difference in the time of neurotoxicity onset between the
groups. The significance of variables was tested using a
multivariate Cox's regression. A P value less than 0.05
was considered to be statistically significant. All statistical
analyses were performed using SPSS 13.0.

Results

Patiens characteristics

From May 1, 2010 to May 1 2011, 80 stage II and III
colorectal cancer patients were enrolled in the study. One
patient was excluded from the trial before the completion of
at least four cycles of chemotherapy cycles due to personal
problems. One patient refused neurotropin in the first che-
motherapy cycle for financial problems and was transferred
to the control group. All of the remaining patients finished at
least four cycles. Thirty-eight patients were enrolled in the
neurotropin group, and 41 patients were enrolled in the
control group. The median ages in the neurotropin group
and control groups were 55.1 and 57.3, respectively. More
details are presented in Table 3.

Adverse events assessment and dose reduction

We found that all of the study patients experienced grade 1
neurotoxicity. The patients in the control group experienced

significantly more≥grade 2 and≥grade 3 neurotoxicity (by
NCI CTCAE version 4.0 grading) than those in the neurotropin
group (60.9 vs. 38 %, for grade 2 neurotoxicity in the control
vs. neurotropin groups, P00.001; 39 vs. 2.7 % for grade 3
neurotoxicity in the control vs. neurotropin groups, P<0.001).
If neurotoxicity was assessed by oxaliplatin-specific neurotox-
icity grading, significantly, more patients in the control group
experienced≥grade 2 neurotoxicity than those in the neuro-
tropin group (51.2 vs. 12.5 %, P00.001, 9.8 vs. 0 %, P0
0.117). The incidence of≥grade 3 neurotoxicity was higher
in the control group than in the neurotropin group, although
this difference was not significant (9.8 vs. 0 %, P00.117). The
other adverse events were nearly identical between the groups.
More details are presented in Table 4. In this study, two patients
in the neurotropin group refused to continue the chemotherapy
due to neurotoxicity, whereas ten patients in control group
refused further treatment (5.26 vs. 24.4 % for neurotropin vs.
control groups; P00.04). In this clinical trial, we used
oxaliplatin-specific neurotoxicity grading to guide our clinical
practise. Patients who experienced grade 3 neurotoxicity
would have dose reduction. Two patients in neurotropin group
(these two patients could not tolerate grade 2 neurotoxicity and
asked for dose reduction) and four patients in control group
(P00.743) had oxaliplatin dose reduction.

Risk factors for neurotoxicity

We used the Kaplan–Meier log-rank test to estimate the possi-
ble risk factors for neurotoxicity. The combined use of neuro-
tropin and oxaliplatin was significantly associated with the
incidence of≥grade 2 neurotoxicity as assessed by either grad-
ing methods (P<0.001 for the NCI 4.0 grading and P00.001
for the oxaliplatin-specific neurotoxicity grading; Table 5). The
other potential prognostic factors, including sex, age, tumour
location, pathological type and tumour stage, showed no sig-
nificant differences by either standard of neurotoxicity.

We used a multivariate Cox proportional hazards regres-
sion analysis to test all of the potentially prognostic clinical
factors (sex, age, tumour location, pathological type, tumour
stage and use of neurotropin). The use of neutropin was the
only factor that affected the incidence of≥grade 2 neurotox-
icity by both grading methods (HR00.257, 95 %CI00.119–

Table 1 National Cancer Insti-
tute common terminology crite-
ria for adverse events version 4.0

ADL Activities of daily living

Adverse
event

Grade 1 Grade2 Grade3 Grade 4 Grade 5

Peripheral
neuropathy

Asymptomatic;
loss of deep
tendon reflexes
or parasthesia

Moderate
symptoms;
limiting
instrumental
ADL

Severe
symptoms;
limiting self
care ADL

Life-threatening
consequences;
urgent intervention
indicated

Death
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0.556, P00.001 for the NCI 4.0 grading and HR00.265, 95
%CI00.119–0.661, P00.002 for the oxaliplatin-specific
neurotoxicity grading; Table 6).

Discussion

Oxaliplatin is a third-generation platinum compound that
has been used worldwide. The most common dose-limiting
side effect of oxaliplatin is chronic distal sensory neuropa-
thy. We found that patients receiving oxaliplatin infusions
developed neurological symptoms during the first 24 h that
resolved within 7 days. The distinctive acute symptom was
cold-induced paraesthesia [9, 15]. After longer periods of
oxaliplatin treatment, chronic neurotoxicity often occurs and
can result in discontinuation of the drug [16]. In our study,
the median number of cycles for the control group patients

who experienced chronic neurotoxicity was 5.2. A total of
89 % patients who enrolled in the study experienced acute
neurotoxicity at the first cycle of chemotherapy. None of the

Table 2 Oxaliplatin-specific
neurotoxicity grading Adverse event Grade 1 Grade2 Grade3

Neurotoxicity Dysaesthesia or paraesthesia
that completely regresses
before the next cycle
of therapy

Dysaesthesia or
paraesthesia
persisting between
cycles of therapy

Dysaesthesia or paraesthesia
causing functional
impairment

Table 3 Clinical characteristics

Characteristic Neurotropin
group

Control
group

P value

Age 55.1 57.3 0.735

Gender 0.995

Male 25 27

Female 13 14

Tumour location 0.205

Ascending colon 8 5

Transverse colon 4 2

Desending colon 3 4

Sigmoid colon 8 11

Rectum 15 19

Histological appearance 0.509

Well differentiated 0 0

Moderately differentiated 29 32

Poorly differentiated 7 4

Undetermined 1 1

Mucinous adenocarcinoma 1 4

Stage 0.378

Stage II 13 18

Stage III 25 23

Dose reduction of oxaliplatin 2 4 0.743

Table 4 Treatment related adverse events

Toxicity Neurotropin group;
n (%)

Control group;
n (%)

P value

Peripheral neuropathy (National Cancer Institute common terminology
criteria for adverse events version 4.0 )

≥grade 1 38 (100) 41 (100) –

≥grade 2 8 (21.1) 25 (60.9) 0.001a

≥grade 3 1 (2.7) 16 (39) <0.001c

Neurotoxicity (Oxaliplatin-specific neurotoxicity grading)

≥grade 1 38 (100) 41 (100) –

≥grade 2 5 (12.5) 21 (51.2) 0.001b

≥grade 3 0 (0) 4 (9.8) 0.117c

Hand-foot syndrome

≥grade 1 28 (73.7) 23 (56.1) 0.103a

≥grade 2 5 (13.2) 3 (7.3) 0.627b

≥grade 3 1 (2.6) 0 (0) 0.481c

White blood cell count decreased

≥grade 1 17 (44.7) 15 (36.6) 0.461a

≥grade 2 2 (5.3) 4(9.8) 0.958b

Thrombocytopenia

≥grade 1 3 (7.9) 8 (19.5) 0.244b

Diarrhoea

≥grade 1 7 (18.4) 9 (22) 0.696a

Neutrophil count decreased

≥grade 1 14 (36.8) 16 (39) 0.842a

≥grade 2 3 (7.9) 6 (14.6) 0.557b

Hepatobiliary disorders

≥grade 1 8 (21.1) 9 (22) 0.923a

Renal disorder

≥grade 1 1 (2.6) 2 (4.9) 1.0c

Nausea

≥grade 1 25 (65.8) 21 (51.2) 0.190a

Vomitting

≥grade 1 6 (15.8) 8 (19.5) 0.665b

a x2 test
b Continuity correction
c Fisher's exact test
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patients required discontinuation of chemotherapy for acute
neurotoxicity.

Acute and chronic neurotoxicity correspond to two dis-
tinct patterns of neurophysiological dysfunction. The mech-
anism of these two types of neurotoxicity remains unknown.
Therefore, a standard treatment for oxaliplatin neurotoxicity
is lacking. Previous studies have shown that the electrophys-
iological findings during the acute phase of oxaliplatin
neurotoxicity are similar to those seen in neuromyotonia
[17, 18]. Therefore, some studies have suggested that oxa-
liplatin produces its acute effects on peripheral nerves by
impairing voltage-gated potassium channels (VGKC) [19].
One study of ex vivo sural nerve preparations has reported
that oxaliplatin-induced electronic responses are not
inhibited by blockers of fast and slow VGKCs, suggesting
that oxaliplatin may affect sodium channels but not VGKCs
[20]. Another study has reported that intermittent pretreat-
ment with carbamazepine to reduce activation of sodium
channels does not inhibit the acute clinical and electrophys-
iological effects of oxaliplatin [21]. Currently, no standard
treatment for the acute neurotoxicity induced by oxaliplatin
is available. In our study, we found that 79 patients experi-
enced acute neurotoxicity, although none discontinued che-
motherapy due to acute neurotoxicity.

We found that 24.4 % of the patients in the control group
and 5.26 % of the patients in the neurotropin group refused
further chemotherapy due to chronic neurotoxicity. Chronic
neurotoxicity was the main reason for discontinuing the

chemotherapy. Chronic oxaliplatin neurotoxicity has clinical
and electrophysiological similarities to cisplatin-mediated
sensory neuropathy [22]. Chronic neurotoxicity has been
attributed to the accumulation of platinum-based com-
pounds within the dorsal root ganglion, producing shrinkage
or loss of the dorsal root ganglion cells and a secondary
axonopathy [23]. Neurotropin has been used clinically for
its analgesic and antiallergic properties and to alleviate
paraesthesia. Recently, neurotropin has been reported to
induce expression of thioredoxin, a redox-regulating mole-
cule [24]. Thioredoxin plays a critical regulatory role in
nerve growth factor-mediated signal transduction and neu-
rite outgrowth in PC12 cells. Furthermore, thioredoxin-
interacting protein, which is an endogenous inhibitor of
antioxidants, is increased in DRG neurons from diabetic rats
[25]. Thioredoxin may be partially related to the repair of
axonal degeneration by neurotropin.

In an animal study, neurotropin ameliorated paclitaxel-
induced neuropathy in a rat model and repaired paclitaxel-
induced axonal degeneration without affecting the antitu-
mour activity of paclitaxel [26]. In our study, administering
an 8-IU oral dose of neurotropin may have prevented
oxaliplatin-induced neuropathy. The incidence of chronic
neurotoxicity (by either of the two grading systems) was
significantly lower in the neurotropin group than in the
control group. A total of 26.3 % of the patients in the
neurotropin group felt they had neurotoxicity relief by the
last chemotherapy cycle.

Acute neurotoxicity may be caused by oxaliplatin-
induced electrolyte disturbance by a by-product inhibiting
sodium or potassium channels. Chronic neurotoxicity is
caused by damage to the dorsal root induced by the accu-
mulation of oxaliplatin or its by-product in the dorsal root
ganglia, which may explain why using a neuroprotective
agent is not effective for acute neurotoxicity.

The incidence of severe neurotoxicity (at least grade 3) in
the control group of our study was very close to that in a
prospective Asian study (39 and 34 % in our study and the
previous study, respectively) [27]. We found a lower inci-
dence of severe neurotoxicity than did a previous study of
western patients (39 and 43 % in our study and the previous

Table 5 The potential risk factors for peripheral neuropathy or neuro-
toxicity, as evaluated by the Kaplan–Meier log rank

Clinical factors Peripheral neuropathy
(at least grade 2) Sig

Neurotoxicity
(At least grade 2) Sig

Neurotropin <0.001 0.001

Sex 0.69 0.888

Age 0.406 0.545

Location 0.464 0.509

Type 0.281 0.150

Stage 0.943 0.939

Table 6 Cox proportional haz-
ards regression analysis of
neurotoxicity

At least grade 2 Peripheral neuropathy At least grade 2 Neurotoxicity

Clinical factors Sig Exp(B) 95 % CI Sig Exp(B) 95 % CI

Neurotropin 0.001 0.257 0.119–0.556 0.002 0.265 0.119–0.661

Gender 0.660 0.886

Age 0.314 0.574

Location 0.614 0.2300.

Type 0.430 0.445

Stage 0.680 0.749
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study, respectively) [28]. The incidence of≥grade 2 neuro-
toxicity in our study was nearly identical to that found in
another clinical trial using oxaliplatin-specific neurotoxicity
grading (51.2 and 51 % in our study and previous study,
respectively) [29]. All of the patients in our study experi-
enced grade 1 neurotoxicity. However, the incidence in
some western clinical trials has been found to be approxi-
mately 80 % [28, 29]. It is not unusual for the same drug to
cause different adverse events and with differing incidences.
The possible reasons for this phenomenon include variations
in reporting bias, the oxaliplatin dose-intensity and genetic
polymorphisms.

Our results indicate that oral administration of neuro-
tropin may protect against oxaliplatin-induced chronic neu-
rotoxicity. Oral administration of neurotropin is convenient,
safe and useful strategy for preventing oxaliplatin-induced
neurotoxicity. Due to the limited number of patients in our
study, a larger prospective study will be required to confirm
our findings and verify neurotropin's effects on oxaliplatin-
induced tumour cytotoxicity.
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