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Persistent neuropathy after treatment with cisplatin and oxaliplatin
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Abstract
Background. The aims of the current explorative study were to assess persistent neuropathy in 45 patients up to 6 years after
treatment with cisplatin or oxaliplatin and to determine the most adequate method to evaluate neuropathy. Furthermore,
the effect of possible determinants on persistent neuropathy was investigated. Material and methods. The assessment of
neuropathy was performed using a questionnaire, by neurological tests, and by vibration threshold (VT) measurements.
Because VT determination gives the most objective information, VT measurements were used for further analyses. Results
and discussion. The analyses revealed that neuropathy of the hands was related to follow-up time, with an observed recovery
half-life of 6.8 (9 3.1) years. No significant reversibility of neuropathy of the feet within the observation period could be
demonstrated. For cisplatin, the severity of neuropathy was related to the cumulative dose and sodium thiosulfate use.
Oxaliplatin induced neuropathy did not appear to be related to the dose within the studied dose range. No relationship with
platinum levels, renal function, glutathione transferase genotypes, diabetes mellitus, alcohol use, or co-medication could be
demonstrated. This study was performed as an explorative study and the issues discussed need to be investigated further.

Cisplatin belongs to one of the most frequently

used chemotherapeutics and is applied extensively in

the treatment of several tumour types. Chemother-

apy with cisplatin containing regimens is, however,

often accompanied by severe side effects, such as

nephrotoxicity, ototoxicity, and peripheral sensory

neuropathy. The search for platinum (Pt) anticancer

agents with less severe side effects and increased

efficacy has led to the development of several Pt-

based compounds, including oxaliplatin. Oxaliplatin

was first introduced into clinical trials in 1986 [1]

and is now part of the standard first-line treatment in

patients with colorectal cancer [2�4]. Unfortunately,

patients treated with this compound also frequently

suffer from persistent peripheral sensory neuropathy.

Considering the fact that the life expectancy of

patients treated with cisplatin and oxaliplatin has

improved, persistent side effects, such as neuropa-

thy, can greatly affect the quality of life of patients.

Clinical manifestations of cisplatin and oxaliplatin

induced persistent neuropathy are primarily sensory

in nature [5]. Parasthesia and dysesthesia in the

hands and feet are the most prominent symptoms

[4,6]. The occurrence of L’hermitte’s sign is also

reported, indicating the involvement of the dorsal

columns of the spinal cord [7�9]. For cisplatin, it is

mentioned that symptoms often occur or increase

after completion of treatment [10] with off-therapy

deterioration up to approximately 6 months after

withdrawal of cisplatin [7,8]. In general, symptoms

tend to recover slowly and the process is often

incomplete [6]. Oxaliplatin induced persistent neu-

ropathy has been less well characterised. Long-term

follow-up is difficult because the prognosis of

Correspondence: Elke Brouwers, Department of Pharmacy & Pharmacology, Slotervaart Hospital Louwesweg 6, 1066 EC Amsterdam, The Netherlands.

Tel: �31 20 512 5513. Fax: �31 20 512 4753. E-mail: elke.brouwers@slz.nl

Acta Oncologica, 2009; 48: 832�841

(Received 2 September 2008; accepted 8 February 2009)

ISSN 0284-186X print/ISSN 1651-226X online # 2009 Informa UK Ltd. (Informa Healthcare, Taylor & Francis AS)

DOI: 10.1080/02841860902806609



patients treated with this drug is often less than 20

months [11]. It has, however, been mentioned that

the recovery from oxaliplatin neuropathy is faster

and more complete than recovery from cisplatin

neuropathy [6].

Many studies have been performed to unravel the

mechanism behind Pt-induced persistent neuropa-

thy, but still, the exact mechanism has not been

clarified. Platinum agents seem to target a variety of

structures and functions in the peripheral nervous

system [12]. The dorsal root ganglion appears to be

the primary site at which neural damage occurs. For

cisplatin, it was shown that Pt was retained in the

dorsal root ganglia of patients who were analysed

post mortem [13,14] and that there were morpho-

logical changes visible in these ganglia following

treatment [13,15].

Despite the hypotheses on the mechanisms of Pt-

induced sensory neuropathy, it still is not fully

elucidated why neuropathy has such a chronic

character. It was suggested that neuropathy may be

persistent due to an irreversible damage at the time

of chemotherapy or due to a persistent Pt binding in

the dorsal root ganglia.

The evaluation of sensory neuropathy is compli-

cated by the subjective nature of most assessment

methods. Several approaches for the determination

of the presence and severity of neuropathy have been

used in the past, among which were clinical neuro-

logical examinations [7,11,16], nerve conduction

studies [7], questionnaires [17,18], and the deter-

mination of the vibration threshold (VT measure-

ments) [11,19,20]. Assessment of neuropathy by

these methods has usually been done during or

shortly after cessation of treatment.

The aims of the current explorative study were to

assess persistent neuropathy in 45 patients more

than eight months after treatment with cisplatin or

oxaliplatin and to determine the most adequate

method to evaluate neuropathy. The assessment of

neuropathy was done using a questionnaire and

neurological tests. Besides, neuropathy was evalu-

ated quantitatively by vibration threshold (VT)

measurements. In addition, we investigated possible

determinants of persistent neuropathy, such as Pt

agent, follow-up time (time from end of therapy

until inclusion in the current study), cumulative

dose, plasma Pt levels, age, route of administration,

renal function, glutathione S-transferase (GST)

genotypes, co-administration of calcium/magnesium

with oxaliplatin or sodium thiosulfate (STS) with

intra-arterial cisplatin, co-medication, and co-mor-

bidity (alcoholism and diabetes).

Material and methods

Patients

For cisplatin, patients were selected at random from

all patients who started treatment between 2000 and

2004, received cumulative cisplatin doses of ] 300

mg/m2, and were available for follow-up. For this

pilot study, 20 patients of the 400 eligible patients

were included. To select the patients, random

selections were performed on the 400 eligible

patients. From the randomly generated inclusion

request to 37 patients, 20 patients consented.

SPSS (SPSSinc, version 11.0, Chicago, IL, USA)

was used for random sample selection. For oxalipla-

tin, all available patients who started treatment

between 2000 and 2005 and received cumulative

oxaliplatin doses of ]585 mg/m2 were approached

for participation in the current study. Of the

requested 29 patients, 25 patients consented. A

flow chart of the patient inclusion is depicted in

Figure 1. Patients who received treatment with other

chemotherapeutic agents that may induce neuro-

toxicity itself such as vinca alkaloids and taxanes

were excluded from the study. The Medical Ethics

Committee of the hospital approved the study

protocol and all patients gave their written informed

consent.

Evaluation of nerve function

Neuropathic symptoms were assessed qualitatively

using a questionnaire. The questionnaire was com-

posed of items from previously applied question-

naires which were specifically associated with

chemotherapy induced persistent sensory neuropa-

thy [21] and persistent Pt-induced neuropathy [17].

Questions addressed sensory symptoms in the upper

Figure 1. Flowchart for patient inclusion
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(10 questions) extremities (hands), lower (7 ques-

tions) extremities (feet), and the orofacial area (3

questions). Questionnaire subjects are summarised

in Table I. The patients were asked to answer all

questions. The severity of the symptoms was graded

as 0 (patient did not suffer from symptoms at all), 1

(patient suffered from symptoms a little), 2 (patient

suffered from symptoms pretty much), and 3 (pa-

tient suffered from symptoms very much). When all

the questions were answered with a score 0, patients

were considered as not having clinical neuropathy.

Patients who answered one or more questions with a

score of 1 or more were designated as suffering from

clinical neuropathy. In addition to this dichotomous

scaling, the scores of the individual questions for

each location (hands, feet, and orofacial area) were

summed to get an impression of the severity of the

neuropathy. A sum-score of 0 indicated the absence

of clinical neuropathy.

The sensory nerve function was also assessed by

two neurological balance tests: the Sensitized Rom-

berg Test (SRT) and Tandem Gait (TG). The SRT

was used to determine how long a patient was able to

stand steady approximated (the toes of one foot

touching the heel of the foot in front of it), eyes open

and then closed. The length was recorded in

seconds. More than ten seconds was considered as

normal balance (0), whereas less than ten seconds

was considered as abnormal balance (1). The TG

was used to determine if a patient was capable to

walk on a straight line with the heel of the first foot

touching the toes of the foot behind it. The results of

the TG were recorded as normal stability (0),

difficulty to remain stable, but still able to perform

TG (1) and tendency to fall, not able to perform TG

(2).

Neuropathy was assessed quantitatively by vibra-

tion threshold (VT) determination [22,23] using a

Vibrameter type IV device (Somedic AB, Stock-

holm, Sweden). Measurements were performed in

triplicate at the dorsum of the metacarpal bone of

the right and left index finger and of the dorsomedial

aspect of the first metatarsal bone of the right foot.

The VT was recorded as micrometers of skin

displacement and was assessed using the method of

limits, which showed an acceptable measure of

reproducibility and validity [22,24,25]. All VT

measurements were determined by the same inves-

tigator to prevent inter-observer variability.

The dichotomous results from the questionnaires

and VT method were compared and the question-

naire was used to select an optimal cut-off value for

the VT method. Furthermore, the questionnaire

sum-scores were compared to the continuous VT

measurements to see whether the VT measurements

could predict the patients’ experience of neuropathy.

Besides, the associations between questionnaire

sum-scores, VT measurements, and neurological

tests were evaluated.

Genotyping

Blood samples were drawn in 5 mL edta-containing

tubes (Becton Dickinson Vacutainer Systems, Ply-

mouth, UK) for genotyping of detoxifying GST

enzymes. Lymphocyte DNA was isolated according

to the method of Boom [26]. All samples were stored

at�208C until analysis. Polymorphisms in the genes

encoding the enzymes GSTM1, GSTT1, and GSTP1

were determined. In GSTT1 and GSTM1, known

inherited homozygous deletions are equivalent to

nonfunctional enzymes and are encoded as positive

and negative [27]. In the GSTP1 gene, a functional

SNP between adenosine (A) and guanosine (G) at

base pair 313 leads to the expression of either Ile or

Val at codon 105. This polymorphism significantly

affects enzyme activity [28].

PCR amplifications were performed in 50 mL

reactions with �100 ng of genomic DNA, 200 mM

dNTPs (Epicentre Technologies, Madison, WI,

USA), 10 x PCR Buffer II (Applied Biosystems,

Foster City, CA, USA), magnesiumchloride

(MgCl2), 0.5 � 1 U AmpliTaq Gold (Applied

Biosystems), and forward and reverse primers (Me-

tabion, Planegg-Martinsried, Germany). GSTM1

and GSTT1 deletions were analysed using a gel

electrophoresis method with b-globulin as internal

control as described by Sreelekha et al. [29]. GSTP1

(exon 5) was genotyped according to Jerónimo et al.

[30].

Clinical parameters

Data regarding determinants that might affect sen-

sory nerve function were collected. Cumulative dose

of the Pt agents, age, follow-up time, route of

administration, co-administration of calcium/mag-

nesium or STS, co-morbidity e.g. alcoholism and

Table I. Questionnaire items

Hands/arms Feet/legs Orofacial

Numbness/tingling Numbness/tingling Numbness/tingling

Oversensitivity Oversensitivity Disturbances in

recognition of

Burning pain Burning pain objects

Difficulty handling/

feeling

Instability

Objects L’hermitte’s sign

L’hermitte’s sign

Disturbances in

recognition of hot/cold/

rough/smooth
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diabetes, co-medication, and serum creatinine be-

fore start of chemotherapy were collected from

patient files. Additionally, serum creatinine was

assessed at the time of study. The glomerular

filtration rate (GFR) was estimated from serum

creatinine using the ‘Modification of Diet in Renal

Disease (MDRD)’-formula [31]. Plasma Pt levels at

the time of follow-up were described in a previous

investigation [32].

Statistical analyses

The Cronbach’s alpha coefficient was used to test

the internal consistency of the questionnaire using

SPSS. It is allowed to use a sum-score when alpha

values higher than 0.70 were achieved [33]. Receiver

operating characteristic curves (ROC curves) were

used to assess the sensitivity and specificity of the VT

method. ROC curves were composed using SPSS.

Boxplots (SPSS) were used to evaluate the associa-

tion between VT values and neurological tests.

Possible relationships between determinants and

neuropathy were evaluated using non-linear mixed

effects modeling using NONMEM software (Ver-

sion V1) (GloboMax LLC, Ellicott city, MD, USA).

The first order conditional estimation method was

used throughout. It was assumed that, due to the

long follow-up, the treatment period was negligible

compared to the follow-up time. The significance of

established relationships was assessed using the

likelihood ratio test.

Results

Patients

Table II summarises the characteristics of the

participants. Participants were treated with cisplatin

for diverse tumour types, whereas all patients treated

with oxaliplatin were diagnosed with colorectal

cancer. Five participants were treated with STS in

combination with 600 mg/m2 intra-arterially admi-

nistered cisplatin. For oxaliplatin, 24 of 25 partici-

pants received co-administration of Ca/Mg. The

range in the follow-up time of patients was between

8 and 75 months.

Scores of questionnaire and neurological tests

The questionnaire revealed that 26 patients (11/20

for cisplatin (55%), 15/25 for oxaliplatin (60%))

were classified as experiencing symptoms of sensory

neuropathy in the hands. Neuropathy in the feet was

experienced by 32 patients (9/20 for cisplatin (45%),

23/25 oxaliplatin (92%)). No patients showed or-

ofacial symptoms. The Cronbach’s alpha coefficient

Table II. Characteristics of participants

Cisplatin Oxaliplatin

Gender (m/f) 13 m / 7 f 20 m / 5 f

Age at time of chemotherapy 22�66 years (median 43) 40�73 years (median 62)

Age at time of follow-up 25�68 years (median 49) 41�76 years (median 64)

Duration of follow-up 18�75 months (median 41) 8�33 months (median 18)

Tumour type Testicular carcinoma (9) Colorectal carcinoma (25)

Yolk sac carcinoma (1)

Non small cell lung cancer (1)

Small cell lung cancer (1)

Head and neck carcinoma (8)

Cumulative dose 300�600 mg/m2 cisplatin 585�1170 mg/m2 oxaliplatin

(median 350) (median 878)

195�390 mg/m2 Pt 287�575 mg/m2 Pt

(median 227) (median 431)

Sodium thiosulfate 5 head and neck carcinoma patients treated

intra-arterially with 600 mg/m2 cisplatin

NA

Ca/Mg infusion NA 24/25

GSTM1 8/20 positive, 12/20 negative 10/25 positive, 15/25 negative

GSTT1 17/20 wildtype, 3/20 negative 21/25 positive, 4/25 negative

GSTP1 12/20 105Ile/105Ile-GSTP1 9/25 105Ile/105Ile-GSTP1

7/20 105Val/105Ile-GSTP1 10/25 105Val/105Ile-GSTP1

1/20 105Val/105Val-GSTP1 6/25 105Val/105Val-GSTP1

Plasma Pt levels 142�1.15�103 ng/L 460�2.99�103 ng/L

GFR at time of chemotherapy 51.4�89.5 mL/min/1.73m2 36.5�74.1 mL/min/1.73m2

(median 77.6) (median 55)

GFR at time of follow-up 26.7�142 mL/min/1.73m2 33.6�79.6 mL/min/1.73m2

(median 64.8) (median 61.2)

NA � not applicable
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indicated that the internal consistency for the ques-

tions, which concentrated on the hands (10 ques-

tions, a�0.71) and feet (7 questions, a�0.81), was

suitable. Therefore, it was allowed to sum the

individual scores of the questions. To our opinion,

however, one should be cautious with the interpreta-

tion of the sum-scores. A higher score can not

automatically be designated as a higher level of

clinical neuropathy. The sum-scores ranged between

0 (no clinical neuropathy) and 9 (median: 2) for the

hands and between 0 (no clinical neuropathy) and

18 (median: 3) for the feet. Because of the small

study population, the data were transformed to a

dichotomous scale (neuropathy yes or no) and no

ordinal logistic regression analyses on the non-

transformed data were performed.

The SRT test revealed that 29 patients (11/20 for

cisplatin (55%), 18/24 for oxaliplatin (75%)) were

classified as having an abnormal balance. For one

oxaliplatin patient the SRT test could not be tested.

The TG test was normal in 24 patients, whereas 15

(4/20 for cisplatin (20%), 11/22 for oxaliplatin

(50%)) patients experienced difficulties to perform

the test and 3 (2/20 for cisplatin (10%), 1/22 for

oxaliplatin (4.5%)) were not able to perform it. For

three oxaliplatin patients the TG could not be

tested.

Vibration perception results

In Figure 1a and b, the individual VT values of the

patients for, respectively, the hands and feet are

plotted versus the age of the patients. It has been

shown that age is an important confounder of the

relation between VT and neuropathy [24]. The

figures also show the mean VT values (� 2 standard

deviations (SD)) plotted versus age for a normal

population consisting of 110 controls [24]. The VT-

cut-off of 2 SD has been used to classify patients as

having a normal or abnormal sensory nerve function

[16,34]. As can be derived from Figure 2, hand-VT

values which deviated] 2 SD from the mean, were

observed in 15 patients (8/20 for cisplatin (40%), 7/

25 for oxaliplatin (28%)). For the feet-VT, this value

was 18 (7/20 for cisplatin (35%), 11/25 for oxalipla-

tin (44%)).

Comparison of questionnaire scores with vibration

perception results

The classification of patients on the questionnaire

data (neuropathy or no neuropathy) showed that a

higher number of patients actually experienced

neuropathy than the number that was designated

as neuropathic using the VT test. Sensitivity and

specificity values of the dichotomous VT scale with a

cut-off of 2 SD were calculated considering the

dichotomous questionnaire score as the correct

values (Table IIIa). Obviously, not all patients were

classified correctly. Therefore, it was investigated

whether the application of the VT test could be

improved by using other VT cut-off values. The

sensitivity and specificity of several cut-off values

were investigated by the composition of ROC

curves. The dichotomous questionnaire scores were

used as state variables. The natural logarithms (ln)

of the VT values which were normalised for age were

used as test variables. Normalised VT values were

obtained by dividing the VT values of the patients by

the mean VT values assessed in controls with the

same age as the patient [24]. The natural logarithms

(ln) of these values ranged from �0.342 to 4.20 for

the hands and from�1.39 to 4.30 for the feet.

Optimal sensitivity and specificity values were ob-

tained with an ln VT value of 0.860 for the hands

and 1.35 for the feet. These values corresponded to

cut-offs of 1.4 and 1.7 SD, respectively for the hands

and feet. Using these cut-offs, sensitivity and speci-

ficity values were respectively 77 and 63% for the

hands and 72 and 83% for the feet (Table IIIb).

These values were significantly better than those

obtained with a cut-off value of 2 SD. Using these

cut-off values elevated VT values were observed in

27 patients for the hands and 25 patients for the feet.

The use of a dichotomous VT scale solely provides

information regarding the presence or absence of

Figure 2. Hands and feet VT values for cisplatin (^) and oxaliplatin (k) treated patients and the mean values (") (�2 SD (j)) for 110

control patients [23] plotted against the age

836 E. E. M. Brouwers et al.



neuropathy and quantitative information on further

grading is not obtained. Hence, in addition to the

generally used dichotomous scale, the ln VT values

were also used to describe the neuropathy based on a

continuous scale. To assess whether the ln VT values

could predict the subjective experience of the

patients, the sum-scores of the questionnaire were

plotted versus the ln VT values (Figure 3). It was

observed that, in general, raised questionnaire scores

were coupled to high ln VT scores for the hands as

well as for the feet.

Comparison of neurological tests with questionnaire scores

and vibration perception results

To assess whether the questionnaire scores were

associated to the neurological tests, the sum-scores

of the questionnaire results for the feet were plotted

versus the SRT and TG scores (Figure 4a). The

association between the ln VT values for the feet and

SRT and TG scores was evaluated by boxplots

(Figure 4b). It was observed that, in general, high

ln VT values were coupled to abnormal SRTand TG

scores. This relationship, however, was not observed

for the questionnaire and SRT and TG scores.

Therefore, VT measurements were used for further

data analyses.

Effects of determinants on ln VT

Possible determinants that could affect the sensory

nerve function were evaluated using the VT mea-

surements. Ln VT values for the hands and feet were

plotted against the follow-up time in Figure 5a and

b, respectively. The ln VT values for the hands

showed a small decline with follow-up time following

a first order decay with a half-life (t1/2) of 6.8 (9 3.1)

years. The observed recovery t1/2 was similar for

cisplatin and oxaliplatin and was related to age, in

which a twofold increase in age resulted in a three-

fold longer recovery t1/2 (p�0.02). For the feet, no

decline of the ln VT value with time was observed.

Plotting of the dichotomous results of the VT test

versus the follow-up time did not result in any

additional information. The continuous scale for

neuropathy assessment obtained from the ln VT

measurement was considered more informative than

the dichotomous classification and was, therefore,

chosen for further data analysis.

The ln VT values for cisplatin were higher than for

oxaliplatin. For cisplatin, ln VT values were propor-

tional to the dose. On the contrary, no dose

dependency was observed for oxaliplatin. STS co-

administration with intra-arterial cisplatin adminis-

tration led to 56% reduction of ln VT for cisplatin

(p�0.002) both in the hands and feet. No effect of

concomitant infusion of calcium and magnesium on

VT measurements for oxaliplatin treated patients

could be demonstrated because 24 patients received

this concomitant infusion and only one patient did

not.

Curves of modelled ln VT values against the

follow-up time for a median aged patient who

received 600 mg/m2 cisplatin with STS, a patient

who received 300 mg/m2 cisplatin, and a patient who

received 878 mg/m2 oxaliplatin are depicted in

Figure 5.

The observed plasma Pt levels at the time of

follow-up and GST allele frequencies are shown in

Table II. It was not considered plausible that Pt

levels at the time of follow-up were related to nerve

Table IIIa. Sensitivity and specificity for a VT-cut-off value of 2 SD

Questionnaire

/

V
T

te
st

Hands (2 SD) Present Absent Feet (2 SD) Present Absent

Present 10 5 Present 16 2

Absent 16 14 Absent 16 10

Total 26 19 Total 32 12

Hands sensitivity: 38%, specificity: 74%

Feet sensitivity: 50%, specificity: 83%

Table IIIb. Sensitivity and specificity for VT-cut-off values of 1.4 (hands) and 1.7 (feet) SD

Questionnaire

/

V
T

te
st

Hands (1.4 SD) Present Absent Feet (1.7 SD) Present Absent

Present 20 7 Present 23 2

Absent 6 12 Absent 9 10

Total 26 19 Total 32 12

Hands sensitivity: 77%, specificity: 63%

Feet sensitivity: 72%, specificity: 83%
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function, because plasma Pt levels decrease with

time [32], whereas Pt levels in ganglia remain

constant over time [13]. Therefore, Pt levels were

extrapolated to the time of treatment using the

elimination half-life [32]. No relationship between

plasma Pt levels and ln VT values was observed.

Furthermore, an association between GSTT1,

GSTM1, and GSTP1 genotypes and ln VT values

could not be established. The effect of the renal

function on ln VT values was evaluated using the

MDRD-GFR. Median GRF values before start of

the Pt chemotherapy were 78 and 65 mL/min/

1.73m2 for cisplatin and oxaliplatin, respectively

(Table II). At the time of the current study, GFR

values of cisplatin patients were significantly de-

creased to 55 mL/min/1.73m2 (pB0.001), whereas

oxaliplatin GFR values remained constant (61 mL/

min/1.73m2). No association was observed between

GFR and ln VT values. Furthermore, alcohol use,

diabetes mellitus, or co-medication did not seem to

affect ln VT values.

Discussion

Cisplatin and oxaliplatin are frequently used che-

motherapeutic agents. Their use, however, is ham-

pered by a peripheral sensory neuropathy, which

can, even years after cessation of treatment, seriously

affect the quality of life.

The aims of the current explorative study were to

assess persistent neuropathy in 45 patients more

than eight months and up to 75 months after

treatment with cisplatin or oxaliplatin and to deter-

mine the most adequate method to evaluate neuro-

pathy. The assessment of neuropathy was performed

using a questionnaire and by neurological tests.

Besides, neuropathy was assessed quantitatively by

VT measurements.

Comparison of the questionnaire results and VT

values showed that the generally used 2 SD cut-off

value for the VT measurement may not lead to

adequate classification of neuropathy. Therefore,

classification was improved by using different cut-

off values. However, by classifying the dichotomous

VT measurements, quantitative information regard-

ing the nerve function was lost. Hence, the ln VT

values were used to describe the neuropathy based

on a continuous scale. It was observed that, in

general, raised questionnaire sum-scores were

coupled to high ln VT scores for the hands as well

as for the feet. When questionnaire sum-scores and

ln VT values were plotted versus the scores of the

neurological tests, ln VT values were more obviously

associated to the neurological tests than the ques-

tionnaire sum-scores. Because quantitative measure-

ments may provide more precise and objective

measures of neuropathy, the VT determination was

used to perform further data analyses.

Investigation of the effects of determinants on ln

VT values revealed that the ln VT values for the

Figure 3. Questionnaire sum-scores for the hands and feet for

cisplatin patients without neuropathy (^), cisplatin patients with

neuropathy ('), oxaliplatin patients without neuropathy (I), and

oxaliplatin patients with neuropathy (j)

Figure 4a. Questionnaire sum-scores for the feet versus Sensitized Romberg Test (0�normal balance, 1�abnormal balance) and Tandem

Gait scores (0�normal stability, 1�difficulty to remain stable, 2�tendency to fall)
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hands declined with follow-up time. The recovery

t1/2 of 6.8 (9 3.1) years, however, suggests that for

both cisplatin and oxaliplatin, the reversibility is slow

and incomplete. The observation that a twofold

increase in age resulted in a three-fold longer

recovery t1/2, suggests that the effect of age on VT

values in our population was larger than the effect

observed in the population of Goldberg et al. [24].

Probably, the sensory nerve function of patients

treated with Pt agents is more susceptible to age than

the nerve function of normal individuals.

The observations that ln VT values for the feet did

not decline with time suggests that neuropathy in the

feet is an even more important issue than neuropathy

in the hands. This suggestion was amplified by the

results of the questionnaire score, which showed that

neuropathy in the feet was experienced by 32

patients, whereas neuropathy in the hands was

experienced by 26 patients. This was in accordance

with an investigation performed by Land et al. who

mentioned that for oxaliplatin, 18 months after the

start of treatment, neuropathy was primarily present

in the feet [18]. The apparent larger effect of Pt

agents on the feet compared to the hands is in

accordance with the observation that other determi-

nants such as age also affect the sensory nerve

function in the feet more than in the hands [24].

The ln VT values for cisplatin were proportional

to the cumulative dose. This association was already

extensively described in previous studies [8,35,36].

In contrast, no association between dose and ln VT

for oxaliplatin was observed. This might be a

consequence of the limited dose range studied in

these patients. In contrast to our observations, other

studies mentioned the presence of a dose depen-

dency for persistent oxaliplatin induced neuropathy

[6,11].

The ln VT values were not related to the plasma

Pt levels at the time of chemotherapy. Plasma Pt

levels at the time of chemotherapy were estimated by

extrapolating the plasma Pt levels at follow-up using

the estimated elimination t1/2. Because the elimina-

tion t1/2 was estimated using only one data point per

patient, this could have resulted in an inaccurate

estimation of Pt levels at the time of chemotherapy.

Therefore, to evaluate the relationship between

plasma Pt levels and ln VT, more data points per

patient are indispensable.

Figure 4b. Feet ln VT values versus Sensitized Romberg Test (0�normal balance, 1�abnormal balance) and Tandem Gait scores (0�
normal stability, 1�difficulty to remain stable, 2�tendency to fall)

Figure 5a. Ln VT values for the hands for cisplatin (') and

oxaliplatin (j) treated patients versus time and a median patients

treated with 300 mg/m2 cisplatin (����), with 600 mg/m2 cisplatin

combined with STS (-----), and with oxaliplatin 878 mg/m2

(-------)

Figure 5b. Ln VT values for the feet for cisplatin (^) and

oxaliplatin (I) treated patients versus time and a median patients

treated with 300 mg/m2 cisplatin (���), with 600 mg/m2 cisplatin

combined with STS (-----), and with oxaliplatin 878 mg/m2

(-------)
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The association between STS, calcium/magne-

sium co-administration, and ln VT values was also

evaluated. STS co-administration with intra-arterial

cisplatin administration led to 56% reduction in ln

VT for cisplatin. By binding to cisplatin, STS can

inactivate cisplatin. This might lead to a reduction of

Pt load in tissue and thereby a reduction of toxicity.

Because 24 of the 25 evaluated oxaliplatin patients

received concomitant calcium/magnesium infusions,

the group of patients not treated with calcium and

magnesium was too small to be able to observe an

effect on the ln VT values. However, the possible

effect of calcium and magnesium should be taken

into account in future studies. There are no studies

available describing the difference between i.a.

administered equal doses of cisplatin with or without

co-administration of STS. Therefore, the contribu-

tion of intra-arterial administration to the reduction

of ln VT levels is not clear.

It would be reasonable that the renal function at

the time of chemotherapy affected the severity of

neuropathy. A better renal function could imply a

faster initial elimination of Pt, leading to lower tissue

levels and thus less toxicity. This association, how-

ever, was not observed in the current population.

This could be due to the small sample size and a

limited variation in GFR.

Genetic factors, that potentially influence the

pharmacokinetics of an anticancer drug and thereby

the development of drug toxicity in patients could be

relevant determinants in this study. The detoxifying

GST enzymes are thought to participate collectively

in the intracellular metabolism and detoxification

[37,38]. Recent investigations showed that patients

homozygous or heterozygous for the GSTP1 105Val

allele were less susceptible for developing severe

oxaliplatin-induced neurotoxicity [39]. The pre-

sence of both alleles of 105Val-GSTP1 offered

protection against cisplatin-induced hearing impair-

ment [40]. In addition, Oldenburg and colleagues

showed that the presence of both GSTP1-G alleles

and/or absence of functional GSTM1 protected

against Pt induced ototoxicity and neuropathy

[41]. Although it might be suspected that mutations

in the GSTs genes could affect sensory neuropathy,

we did not observe an association between ln VTand

any of the three (GSTM1, GSTT1 and GSTP1)

genes investigated, which is probably due to the

small sample size of the current population.

To summarise, the effect of possible determinants

on neuropathy could be evaluated using continuous

VT values, which provides the most extensive

information about the severity of neuropathy. Our

data suggest that neuropathy in the hands is slowly

reversible, whereas no reversibility of neuropathy in

the feet could be demonstrated during follow-up in

the current study. Furthermore, for cisplatin, the

severity of neuropathy was associated with cumula-

tive dose and STS use. Oxaliplatin induced neuro-

pathy did not appear to be related to the dose. No

relationship with renal function, GST genotypes,

diabetes mellitus, alcohol use, or co-medications

could be demonstrated. This study was performed

as an explorative study and the issues discussed need

to be investigated further.
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