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Abstract 

Background: Vincristine leads to development of debilitating neuropathy in 40-45% patients with resultant compromised 

efficacy of chemotherapy, suboptimal treatment and worse prognostic outcome. Vitamin B6 and vitamin B12 improves non- 

oncological neuropathies. Therefore, this study investigated vitamin B6 and vitamin B12 to prevent vincristine- induced 

peripheral neuropathy (VIPN) by reducing incidence, absolute risk, relative risk, severity as well as delaying the onset.  

Methods: Patients with ALL undergoing induction phase were randomly assigned into intervention or placebo arm in a 

double- blind manner. Vitamin B6 (25 mg Pyridoxine) two tablets were given three times daily for 5 weeks. Vitamin B12 (500 

μg/ml Methyl cobalamin) was administered intravenously on day 1, 3 and 5 of every week for 5 weeks during induction period. 

Placebo arm received oral and intravenous placebo for same duration. Patients were evaluated on the outset of every week by 

FACT/GOG-NTX questionnaire. Severity was assessed per NCI-CTCAE grading scale.  

Results: 102 patients were enrolled. Among them 81 completed the study, where 42 received vitamin B6 and B12 and 39 

received placebo. There was significant difference in incidence of neuropathy between arms (26.19% intervention arm, 56.41% 

placebo; P-0.01). Relative risk of neuropathy was significantly (RR-0.46) lower in intervention arm. Besides, absolute risk 

reduction (ARR) was 30% and relative risk reduction (RRR) was 54%. NNT was 3.33. Significant trend was observed in 

difference of severity of VIPN between groups (P-0.03). No significant difference observed in between arms for time to onset 

of neuropathy.  

Conclusion: Vitamin B6 and vitamin B12 significantly reduced the incidence, relative risk and severity of VIPN. NNT was 

encouraging too. Henceforth, the status of vitamin B6 and vitamin B12 as neuroprotective agent against VIPN can be 

recommended as a promising one. 

This trial was registered in Clinicaltrials.gov on 4th October 2016 with ID: NCT02923388. 

Keywords: vincristine induced peripheral neuropathy; chemotherapy induced peripheral neuropathy: acute lymphoblastic 

leukemia; neuropathy; neuroprotection; vincristine; vitamin b6; vitamin b12 
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Introduction 

Chemotherapy Induced Peripheral Neuropathy (CIPN) is one of the most 

challenging and complex complications of chemotherapy [1]. CIPN is 

observed in up to 80% of patients [2]. Chemotherapeutic regimen 

completion with proper dose and adequate duration is crucial in 

determining the survival of patients with cancer. Unfortunately, CIPN 

significantly limits the dose and numbers of chemotherapy and may lead 

to premature termination of treatment [3]. However, these dosage 

adjustments affect the prognostic outcome and increase chance of relapse. 

Moreover, neurotoxicity has negative impact on patient’s quality of life, 

particularly on daily living activities [4]. 

Acute lymphoblastic leukemia (ALL) is most common and accounts for 

three fourths of leukemia cases [5]. Vincristine is an integral constituent 

of the regime recommended for treatment of acute lymphoblastic 

leukemia. It is one of the most neurotoxic antineoplastic medicines [6]. 

Vincristine Induced Peripheral Neuropathy (VIPN) accounts for around 

45% of neuropathy incidence [7]. 

Two clinical trials attempted to explore the efficacy of ACTH (4- 9) 

analogue in preventing VIPN. The pilot study showed promising result, 

but a large double blind trial annulled the possibility with its negative 

result [8, 9]. One isolated study evaluated glutamic acid but no 

recommendations can be drawn [10]. Another trial by Kautio et al., (2009) 

demonstrated no efficacy of amitriptyline in amelioration of VIPN [11]. 

Vitamin B12 plays a fundamental role in neurological function [12]. It 

maintains the integrity of neuronal membrane [13, 14]. Methylcobalamin 

is one of the two coenzyme forms of vitamin B12. Intravenous 

methylcobalamin has no interference with the action of other drugs and is 

relatively well tolerated [15]. However, chemotherapeutic agents may 

render vitamin B12 inert that leads to deficiency [16]. The neurologic 

sequel is peripheral neuropathy [12] which may lead to decline in physical 

functions and disability in patients [17]. On the other hand, vitamin B6 is 

an essential cofactor synthesis of myelin sheath [18]. Besides, vitamin B6 

has potential antioxidant property [19]. 

Broadly, VIPN develops as a result of two proposed mechanisms, which 

include neurodegeneration and oxidative stress [2]. Eventually, both 

vitamin B6 and vitamin B12 have significant role in synthetic pathway of 

myelin sheath and maintenance of its integrity [13, 18]. Moreover, these 

vitamins also got antioxidant activity to some extent [19, 20]. Five distinct 

case reports has been published between 2004 to 2016 figured out the 

potential efficacy of pyridoxine and pyridostigmine in treating VIPN with 

cranial involvement [21-25]. 

Clinical experience shows that CIPN is a difficult problem to deal with. 

Different strategies to prevent CIPN have been assessed in cell and animal 

models, though none has reached clinical application. To date no effective 

strategy to prevent or treat CIPN is available [26]. In the premise of scarce 

number of RCTs to alleviate VIPN and encouraging results of few case 

reports generated enthusiasm to conduct the present study. Considering 

the potentials of vitamin B6 and vitamin B12, this randomized, double-

blind, placebo-controlled multicenter trial was undertaken to investigate 

the effect of these vitamins in reducing VIPN in ALL patients. 

Materials and methods 

Study sites and participants 

This study was conducted in Bangabandhu Sheikh Mujib Medical 

University (BSMMU) and Dhaka Medical College Hospital (DMCH). 

Prior to the study conduct, the research protocol sought approval from the 

Institutional Review Board (IRB) of Bangabandhu Sheikh Mujib Medical 

University (BSMMU). The study protocol, questionnaire and informed 

consent form as well as the methodology of the study was reviewed 

thoroughly by the institutional review board of BSMMU. Eligibility of 

each patient was assessed and they were informed about the intervention 

and the study objectives. They were informed that there is least possible 

chance of any harm to the patient by inclusion in this study and if any 

complication arises due to the intervention, they will avail treatment for 

that complication free of cost. Patient was also informed that they can 

participate in this study by their free will and also they are free to refuse 

to participate or to withdraw at any time without compromising their 

medical care. Patients who took part in the study willingly with written 

consent interviewed and patients’ confidentiality was strictly maintained. 

Patient’s personal data regarding name, age, sex and other information 

was not disclosed anywhere and used for research purpose only. 

 The study protocol was approved by Institutional Review Board of 

Bangabandhu Sheikh Mujib Medical University (BSMMU) in 

compliance with the provision of Declaration of Helsinki and Good 

Clinical Practice guidelines. This trial was registered in clinicaltrials.gov 

and trial ID is NCT02923388. Patients were informed about the 

investigational nature of the study and signed informed written consent. 

Newly diagnosed acute lymphoblastic leukemia patients of 18 years or 

older going to receive induction phase of chemotherapy were eligible for 

this study. Patients were required to have an ECOG performance status of 

0- 3. Patients were not allowed on trial if they had a pre- existing 

peripheral neuropathy of any grade; were receiving anticonvulsants, 

antidepressants, opioids, vitamin E or any other agents specifically being 

given to prevent or treat neuropathy. Pregnant women, nursing mothers 

and patients with head neck tumor were excluded. 

Study Design 

This study was a randomized, double- blind, placebo- controlled, 

multicenter trial comparing vitamin B6 (pyridoxine) and vitamin B12 

(methylcobalamin) versus matching placebo for 5 weeks. Randomization, 

blinding, sequence generation was done prior to patient enrollment.  

Randomization and Sequence Generation 

After determining the sample size, patients were randomly allocated into 

two arms prior to the patient enrollment for the study. Randomization was 

done by online graph pad software by using computer. Necessary inputs 

were given to the software regarding sample size, number of sets required 

and the software automatically generated two distinct sets of random 

numbers.  

Online graph pad calculator also generated the sequence of patient 

numbers while procreating random numbers and thus equally distributed 

the patients into two comparable groups. The randomization and sequence 

generation process was conducted by a competent third person, a 

distinguished Professor of University who has no relationship with this 

research. The probability of an individual to receive intervention was 

made independent of the plausibility of any other individual receiving the 

same.  

Blinding 

Immediately after randomization and sequence generation, random 

numbers of the two sets were assigned as patient code number. One set 

was designated as intervention group and another set was placebo group. 

Then the set of code numbers that belongs to the intervention group were 

written as patient ID numbers on the packages contained 

methylcobalamin and pyridoxine. On the other hand, the set belongs to 

the placebo group were designated as patient ID numbers on the packages 

contained placebo. This total procedure was conducted by the persons 

unrelated to this research. Thus the participants, caregiver, outcome 

assessor and the analyst, who require being blind for such study, were 

effectively blinded from the knowledge about intervention allocation. 

Allocation Concealment  
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In order to prevent selection bias, concealment of allocation was done. 

Third person allocated two distinct sets of random numbers into 

intervention group and placebo group. After entering into this trial, 

according to that the participants were assigned into their respective 

group. This allocated code was recorded in two paper documents and in 

two separate pen drives, which were sealed within two different envelops. 

The sealed envelopes containing paper documents and pen drives were 

preserved to another two distinguished Professors not involved in the 

randomization and blinding procedure. Thereby, intervention allocation 

was not known to any person involved in the research in advance or 

during enrollment. 

Patient Enrollment and Intervention 

After taking informed written consent patient enrollment started. Patients 

on intervention arm were provided with pyridoxin (Vitamin B6) 2 tablets 

3 times daily and one ampoule methylcobalamin injection (Vitamin B12) 

on day1, 3 and 5 of every week for 5 weeks starting from the 1st day of 

chemotherapy. Each tablet contained 25 mg of pyridoxine and each 

ampoule contained 500 μg of 1 ml methylcobalamin. On the control arm 

patients got similar amount of placebo tablet and injection at same 

duration. Each placebo tablet contained placebo and injection placebo 

was in similar amber colored ampoule contained 1 ml of normal saline. 

Vincristine Chemotherapy 

Patients received vincristine according to standard Berlin-Frankfurt-

Münster (BFM) protocol and MRC UKALL X protocol at a dose of 1.4 

mg/ m2 of body weight. Maximum 2 mg of vincristine was administered 

to a patient according to body weight. 

Patient assessment 

Patients were assessed for neuropathy at baseline and at the outset of 

every week during the induction period for 5 weeks. Development of 

neuropathy was assessed by 11- item Functional Assessment of Cancer 

Therapy Neurotoxicity (FACT- NTX) questionnaire. Severity of 

neuropathy was graded according to National Cancer Institute- Common 

Toxicity Criteria for Adverse Events (NCI- CTCAE) Neurotoxicity 

grading scale version 4. 

Outcome measures 

The primary outcome measure for this study was to compare incidence of 

neuropathy between pyridoxine, methylcobalamin treated group and 

placebo group. Secondary outcome measures were determination of 

absolute risk, relative risk, risk reduction of neuropathy in pyridoxine, 

methylcobalamin treated group in comparison to placebo group and 

comparison of severity and time of onset of neuropathy in between 

groups. 

Statistical analysis 

This study, planned to accrue 102 patients, was designed with 80% power 

(β= 0.20) to demonstrate a statistical reduction of 25% of the neuropathy 

events in vitamin B6 and vitaminB12 treated groups. All the raw data were 

recorded, processed and analyzed by using computer software SPSS 

version 23.0. The statistics used to analyze the data were chi- square (x2) 

test, independent t- test, Fisher’s exact test, Kaplan- Meier analysis and 

log rank test. The chi- square (x2) test was employed to compare some 

patient baseline characteristics and incidence of neuropathy. Data implies 

independent t- test for analysis were patient age, ECOG performance 

status, FACT- GOG- NTX neurotoxicity scoring. Furthermore, Fisher’s 

exact test was performed to compare severity of neuropathy. Kaplan- 

Meier analysis and log rank test was done to detect the delay in onset of 

neuropathy. P value <0.05 was considered significant. 

 

Ecog Performance Status 

Grade ECOG Performance Status 

0 Fully active, able to carry on all pre-disease performance without restriction 

1 
Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature, e.g., light house work, 

office work 

2 Ambulatory and capable of all self-care but unable to carry out any work activities; up and about more than 50% of waking hours 

3 Capable of only limited self-care; confined to bed or chair more than 50% of waking hours 

4 Completely disabled; cannot carry on any self-care; totally confined to bed or chair 

5 Dead 

 

Results 

Accrual and Evaluability 

102 patients were accrued. 14 patients were excluded based on the eligibility 

criteria for the study. Among remaining 88 patients, 47 received intervention 

and 41 received placebo. 7 patients were dropped out during the research due 

to the reasons like, DORB (n= 3), denial to take medication (n= 2), death from 

the disease complication (n=2). For these patients, determination of the study 

end point was not possible and therefore they were excluded from the per-

protocol-analysis. At the end of the research the evaluable patients for 

neuropathy were a total of 81 [Figure 1]. 
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Figure 1: Consort Diagram 

Patients Characteristics at Baseline 

Table I shows the demographic and clinical characteristics of patients at baseline. There was no significant difference between arms in age, gender and 

ECOG performance status. 

 

Variables PlaceboϮ Interventionŧ P value* 

Number of patients 39 42  

    

Age (Years) Mean 27.23 24.45 0.18¶ 

SD 9.49 8.79 

Male 25 25 0.67§ 

Female 14 17 

ECOG Mean 1.51 1.52 0.93¶ 

SD 0.56 0.59 

ϮPlacebo tablet and injection given 

ŧVitamin B6 and B12 given 

¶Independent t- test was done 

§Chi- square (x2) test was done 

*P ≤0.05= statistically significant 

Table I: Demographic Characteristics of the Enrolled Patients at Baseline  
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Incidence of Neuropathy 

Figure 2 demonstrates that in placebo arm 22 patients out of 39 developed 

neuropathy, whereas in intervention arm, 11 patients out of 42 developed 

neuropathy. The incidence of vincristine induced neuropathy in placebo 

arm was 56.41%, which was 26.19% in intervention arm. Difference in 

the incidence of neuropathy between placebo and intervention arm was 

statistically significant (p=0.01). 

 

Figure 2. Comparison in Incidence of Neuropathy between Placebo and Intervention Arms 

Absolute Risk Reduction (Arr), Relative Risk Reduction (Rrr) and 

Number Needed to Treat (Nnt) Of Placebo and Intervention Arms 

Table II demonstrates the Absolute Risk Reduction (ARR), Relative Risk 

Reduction (RRR) and Number Needed to Treat (NNT) of the given 

intervention. Absolute Risk Reduction (ARR) for this study is 30%. 

Relative risk (RR) for this study is found to be less than 1, which indicates 

that risk of occurrence of neuropathy is significantly less in intervention 

arm than in placebo arm. Relative risk reduction (RRR) is 54%.The 

calculated Number Needed to Treat (NNT) is 3.33. Therefore, 

approximately three patients need to be treated with vitamin B6 and 

vitamin B12 in order to prevent neuropathy in one patient. 

 

Absolute risk (AR) Placebo (ARC) 0.56 56% 

Intervention (ART) 0.26 26% 

Absolute Risk Reduction (ARR) 0.30 30% 

Relative Risk (RR)* 0.46  

Relative Risk Reduction (RRR) 0.54 54% 

Number Needed to Treat (NNT) 3.33 

*RR < 1; events are significantly less likely in the intervention group than placebo group 

Table II; Absolute Risk Reduction (ARR), Relative Risk Reduction (RRR) and Number Needed to Treat (NNT) of Placebo and Intervention Arms  

Neurotoxicity Scoring By Fact/Gog-Ntx Subscale Score 

The observed values of neuropathy assessment per FACT/GOG- NTX 

questionnaire and trend of change are shown in Figure 3. On 1st week, the 

baseline neurotoxicity score difference was not significant between arms 

(p=0.16). However, on assessment of 2nd week (after 1st dose of 

vincristine), the score of placebo arm was significantly (p=0.01) lower 

than intervention arm. Consequently, on assessment of 3rd (p= .01), 4th (p= 

.03) and 5th week (p= .04), the difference between score of placebo and 

intervention arm were consistently more significant. 
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Figure 3. Comparison in the Trend of Change in Neurotoxicity Scoring by FACT/GOG- NTX Subscale Score between Placebo and Intervention 

Arms 

Severity of Neuropathy According to NCI-CTCAE Grading Scale 

Severity of neuropathy according to NCI-CTCAE scale has been shown 

in Figure 4. There was statistically significant (p =0.03) difference in the 

severity of neuropathy between intervention (tablet vitamin B6 50 mg and 

injection vitamin B12 500 µg) group in comparison to placebo according 

to NCI-CTCAE grading scale. 

 

 

Figure 4. Comparison in Severity of Neuropathy According to NCI- CTCAE Grading Scale between Placebo and Intervention Arms  

NCI- CTCAE Version 4.0 

 

Adverse event Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 

Peripheral 

sensory 

neuropathy 

Asymptomatic; 

loss of deep tendon 

reflexes or 

parasthesia 

Moderate 

symptoms; 

limiting 

*instrumental 

ADL 

Severe symptoms; 

limiting **self-

care ADL; 

assistive device 

indicated 

Life threatening 

consequences; 

urgent intervention 

indicated 

Death 

Peripheral motor 

neuropathy 

Asymptomatic; 

clinical or 

diagnostic 

Moderate 

symptoms; 

Severe symptoms; 

limiting self-care 

ADL 

Life threatening 

consequences; 

Death 
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observations only; 

intervention not 

indicated 

limiting 

instrumental ADL 

urgent intervention 

indicated 

Activities of daily living (ADL): 

*Instrumental ADL refer to preparing meals, shopping for groceries or clothes, using the telephone, managing money, etc. 

**Self-care ADL refer to bathing, dressing and undressing, feeding self, using the toilet, taking medications, and not bedridden. 

Time of Onset of Neuropathy 

The overall comparison in time of onset of Grade 1, 2 and 3 neuropathies between 

placebo and intervention arms showed no significant difference in the Log Rank 

(Mantel-Cox) test  

Discussion 

Neuroprotection is a tempting alternative to prevent neuropathy induced 

by cancer chemotherapeutic agents. Review of the existing literatures 

regarding this alluring option reveals inconsistent results left with almost 

no recommendation. This trial evaluated the neuroprotective potential of 

vitamin B6 and vitamin B12 against vincristine- induced peripheral 

neuropathy.  

One of the primary endpoints of this study was to determine the incidence of 

neuropathy in intervention and placebo arm. However, the incidence of 

neuropathy was significantly lower in the patients treated with vitamin B6 and 

vitamin B12 (26.19%) in comparison to the patients treated with placebo 

(56.41%). The incidence of VIPN in placebo arm corresponds with the 

findings of previous studies like, 43%, 45% and 48% [27, 7, 28]. The positive 

findings of previous two studies conducted with vitamin E and omega- 3 fatty 

acid appeared to reduce the incidence of neuropathy in cisplatin and paclitaxel 

treated patients actually support the finding of the present study [29,30]. 

Though, the negative finding of two studies conducted with amifostine against 

incidence of paclitaxel- induced peripheral neuropathy not in inclination with 

the present study [31,32]. In addition, vitamin E while attempted in patients 

received taxanes and platinum compounds, there was no significant reduction 

of neuropathy incidence [33]. 

Besides the significant result of the present study regarding incidence of 

neuropathy, the risk reduction analysis which is a powerful tool for 

interpreting randomized controlled trial also demonstrated significant 

positive findings. Vitamin B6 and vitamin B12 resulted into “Absolute 

Risk Reduction (ARR)” and “Relative risk reduction (RRR)” of 

vincristine- induced neuropathy by 30% and 54% respectively. The 

Relative Risk (RR) was 0.46, which indicates significantly lower 

possibility of developing neuropathy in intervention than placebo. Similar 

result regarding significant risk reduction by vitamin E and oxcarbazepine 

was observed in prevention of cisplatin and oxaliplatin- induced 

peripheral neuropathy [34, 35]. 

Regarding FACT/GOG-NTX questionnaire scoring, the graphical 

presentation from first week towards second week showed a drastic fall 

in placebo arm, which is much smaller fall in intervention arm indicating 

more worsening in placebo arm than intervention. Consequently, 

significant difference between vitamin B6 and vitamin B12 treated patients 

and placebo arm was observed in second, third, fourth and fifth week, 

which might be explained by the fact that more patients appeared to 

develop neuropathy with worsening of neuropathic symptoms (Grade 2 

and Grade 3) in placebo arm. Guo et al., (2013), who studied with oral 

alpha lipoic acid to alleviate neuropathy by platinum based compounds, 

could not reveal any statistically significant difference between placebo 

and intervention [36]. However, Hershman et al. (2013) reported 

worsening of CIPN in acetyl- L carnitine treated group indicating 

contraindication of acetyl -L carnitine in neuropathic symptoms induced 

by taxanes [37]. The current study revealed safety of vitamin B6 and 

vitamin B12 as these vitamins have not worsened vincristine- induced 

neuropathy. 

Another objective of this trial was to compare severity of neuropathy 

between two arms. Significant difference has been observed in severity of 

neuropathy between placebo and intervention arms. This particular result 

is consistent with Milla et al. (2009) who reported significant reduction in 

severity with glutathione in oxaliplatin treated patients [38]. Aside than 

that, Ishibashi et al., (2010) where difference of severity of neuropathy 

between the groups asserted as insignificant when calcium and 

magnesium was investigated against oxaliplatin- induced neuropathy and 

findings of Leal et al. (2014) which showed an insignificant reduction of 

severity by glutathione in paclitaxel and carboliplatin treated patients not 

in concordance with this present study [39,40]. 

However, the Kaplan- Meier Curve for the onset of neuropathy 

corresponds to the log- rank test which showed insignificant difference in 

the time of onset of neuropathy between two arms. Study finding of Chay 

et al., (2010) demonstrated an insignificant delay in the time of onset of 

neuropathy which is compatible with the present study [41]. Grothey et 

al., (2011) concluded with a significant delay in the onset of neuropathy 

in intervention arm [42]. These studies were investigating the role of 

calcium and magnesium in prevention of oxaliplatin- induced neuropathy 

and were aborted prematurely as calcium and magnesium reported to 

interfere with the anti-tumor efficacy of oxaliplatin. The conceptual 

strength of this regime is that theoretically as well as in the present study; 

vitamin B6 and vitamin B12 did not interfere with the antitumor activity of 

vincristine. 

This study has not evaluated the autonomic neuropathy, a common side 

effect of vincristine chemotherapy that is more pronounced in adult 

patients [43]. Risk factors of developing neuropathy like, diabetes 

mellitus, alcohol consumption, preexisting neuropathy also needs to be 

taken into consideration [44, 45]. According to Quasthoff and Hurtung, 

(2002), vincristine more than 4mg is considered as the neurotoxic 

cumulative dose [26]. In this study, all the patients received vincristine at 

a dose of 1.4 mg/m2 with an upper limit of 2 mg and therefore below the 

recognized neurotoxic dose. Besides, patients with history of diabetes 

mellitus, neuropathy and alcohol abuse were excluded from the study.  

Genetic variation is evident in development of VIPN [46, 47]. Thereby, 

analysis for genetic variant of VIPN might be beneficial to determine the 

susceptibility of neurotoxicity in this population. 

Moreover, this study has not utilized the maximum tolerable dose of 

vitamin B6 and vitamin B12. Thereupon, dose escalation might be another 

preference as both vitamin B6 and vitamin B12 are water soluble, non- 

toxic vitamins.  

Conclusion:  

This trial was endeavored with two of the commonly used, safe and 

inexpensive medicines of peripheral neuropathy with an endurance to 

generate a potential candidate for preventing VIPN. In this study, vitamin 

B6 and vitamin B12 have explicitly and unquestionably reduced the 

incidence, severity and the risk of vincristine- induced neuropathy in 

terms of both absolute and relative risk. 
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