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Abstract

Objectives: Combination chemotherapy consisting of paclitaxel and carboplatin has
recently started to be given as the regimen of first choice for epithelial ovarian cancer. One of
its side effects, however, is neurotoxicity, and this neurotoxicity has been reported to be the
dose-limiting factor. Since it is necessary to measure the severity of the neurotoxicity
objectively and quantitatively, we evaluated it on the basis of current perception threshold

(CPT) values, which is easy and non-invasive.

Method: Sixteen patients with epithelial ovarian cancer were given paclitaxel (175 mg/m?
3 hours) and carboplatin (area under the curve of 5) every three weeks, and the CPT values
were measured at two sites on the day before and several times after administration.

Results: All patients exhibited mild neurotoxicity, but it was never so severe that
chemotherapy could not be continued. The CPT values peaked on day 4 during one course of
chemotherapy, but decreased thereafter and returned almost to the baseline by three weeks,
in the same way as the patients’ complaints. The CPT values decreased with the number of
courses, and patients’ complaints gradually increased. The CPT values increased more in the
cases previously treated with cisplatin than in the other cases. These changes were seen at
2,000 Hz, which generally corresponds to large, myelinated nerves.

Conclusion: There were correlations between the changes in the patients’ CPT wvalues
and their degree of neurotoxicity. We expect to be able to predict severe neurotoxicity and
evaluate the effect of drug therapy for neurotoxicity by measuring CPT values.

(J Nippon Med Sch 2003; 70: 129-134)
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Introduction

Bone marrow suppression, neurotoxicity, muscle
pain, and alopecia are known side effects of
combination chemotherapy consisting of paclitaxel
and carboplatin®. One of these side effects,
neurotoxicity, is difficult to evaluate accurately and

objectively’. A sensory nerve conduction velocity

test and a quantitative vibration test have been used
to evaluate neurotoxicity after chemotherapy, but
they are not easy or useful, and it is difficult to
evaluate neurotoxicity by a fixed standard. By
contrast, current perception threshold (CPT) values
are obtained noninvasively, nonaversively, and
reliably with a Neurometer, and they enable
evaluation of neurotoxicity with a fixed standard

and by simple scores. They have been utilized to
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evaluate diabetic neuropathy ** and several types of
pain in anesthesiology®.

The CPT is a diagnostic transcutaneous electrical
stimulation test performed with a neurometer.
Variable frequencies of a constant current sinusoid
waveform are measured for minimum perceivable
intensity at a peripheral nerve site. Testing is
performed at frequencies of 5,250, and 2,000 Hz and
between 0 and 10 mA¥,

Nerve conduction velocity testing is generalized
and excites all axons in a peripheral nerve
simultaneously, regardless of their function, whereas
CPT selectively excites specific subpopulations of
afferent axons. Nerve conduction velocity testing is
limited in that it reflects only the state of the
largest, most rapidly conducting myelinated fibers.
The results of examinations for the presence and
degree of peripheral neuropathy by CPT at 2,000 Hz
correlate with the results obtained by nerve
conduction evaluations. Large, middle, and small
diameter nerve fibers are selectively evaluated at
frequencies of 2,000, 250, and 5 Hz, respectively™".

Increased CPT values are found in hypoesthesia,
and they mean that the function of the nerve is
greatly impaired. Decreased CPT wvalues, on the
other hand, are associated with hyperesthesia and
mean that the nerve fibers are inflamed or

regenerating.
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In this study we objectively evaluated the
neurotoxicity of combination chemotherapy consisting

of paclitaxel and carboplatin by CPT.

Patients and Methods

This study was performed in the Gynecology
department of the Nippon Medical School Hospital
between August 1998 and September 1999. Seven
previously untreated patients with histologically
confirmed epithelial ovarian cancer and nine patients
with recurrent epithelial ovarian cancer previously
treated with a platinum-containing chemotherapy
regimen were studied (Table 1). The inclusion
criteria were age range of 20~75 years inclusive,
WHO performance status=2, life expectancy=12
weeks and adequate hematologic, renal, and hepatic
function at baseline, defined as: leukocyte count=4.0
% 10°/1, hemoglobin=9.5 g/dl, platelet count=100 %
10°/I, GOT and GPT=20 times the upper normal
limit, total bilirubin=15 mg/dl, serum creatinine<
15 mg/dl, and 24 hours creatinine clearance=60
ml/min. Informed consent was obtained in
accordance with the requirements of the local Ethics
Committee and Helsinki Declaration.

The dosage of paclitaxel was 175 mg/m’ dissolved
in 500 ml normal saline and infused intravenously

over 3 hours. The carboplatin was dissolved in 500 ml

Table 1 patient characteristics

f o) total
n 7 9 16
age 540 = 54 536 = 74 538 £ 6.6
clinical stage
I 1 2 3
II 2 0 2
JIig 2 6 8
I\ 2 1 3
pathological findings
SA. 3 7 10
E.A. 1 0 1
C.A. 2 1 3
P.A. 1 1 2

f: new patients who had not been given cisplatin, p; the patients

who had previously been given cisplatin,

S.A.; serous

adenocarcinoma, E.A.; endometrioid adenocarcinoma, C.A.; clear
cell adenocarcinoma, P.A.; poorly differentiated adenocarcinoma



J Nippon Med Sch 2003;70(2)

of normal saline and infused intravenously over 2 hours
in a dose calculated thus: target area under the free
carboplatin plasma concentration versus time curve
(AUC=5) x (GFR+25) . Before treatment patients
were premedicated with 20 mg dexamethasone p.o. 12
hours and 6 hours prior to paclitaxel infusion, and
5 mg dexchlopheniramine and 300 mg cimetidine,
both intravenously, 30 minutes prior to the infusion.
The chemotherapy was done every three weeks.
The neurotoxicity of chemotherapy was measured
with a Neurometer (Neurotron Inc, USA), as a
portable battery-operated (6 V) device that generates
graded sinusoid waves at 5,250, and 2,000 Hz at a
constant current of from 0 to 10 milliamperes (mA)
(Fig. 1). The current is delivered to the skin
surface via a pair of 1-cm diameter gold electrodes,
1.7 cm apart, covered with a thin layer of electrode
paste. The Neurometer measures neuro-selective

current perception threshold values, which quantify

Fig. 1

neurometer

CPT values in the median

nerve at 2000Hz
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peripheral nerve function. The CPT values were
examined on the day before each course of
chemotherapy and on days 4, 7, and 14 after it. The
sites of examination were the middle finger of the
right hand for median nerve toxicity and the medial
malleolus of the right leg for peroneal nerve toxicity.

Data are presented as mean=SD. Statistical
analyses were performed with the unpaired t test
and one way ANOVA. Differences were considered
significant at p<0.05.

Results

The patients’ symptoms were sensory distur-
bances in the tips of their fingers and toes as
early as two days after the chemotherapy that
peaked at 4~6 days, then gradually decreased, and
resolved by three weeks in almost all patients. The
grade of the sensory disturbances as classified by
the WHO were 1 or 2;there was no severe sensory
disturbance corresponding to grade 3, and all
patients were able to continue the chemotherapy.
The patients’ symptoms grew slightly worse with
the number of courses.

The changes in CPT values were as follows. On the
day before chemotherapy, at 2,000Hz, the CPT value
was 167.3=79 mAmpXx107? in the median nerve,
and 114.1%+16.0 mAmp X 107? in the peroneal nerve.
On day 4 after administration, the CPT value peaked
at 242.9+16.4 mAmp X 107? in the median nerve
and 181.8+255 mAmp x10~* in the peroneal nerve.

CPT values in the peroneal
nerve at 2000Hz
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Fig. 2 The changes in CPT values after administration at 2,000 Hz. On day 4 after administration,
the CPT wvalues peaked in the median nerve and peroneal nerve, and then returned
roughly to the values before chemotherapy (p<0.05).
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CPT values in the median nerve at 2000Hz
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Fig. 3 The changes in CPT values according to number of administrations. At 2,000 Hz, the CPT
values of median nerve on day 4 after the first, second, and third administration decreased,

but they rebounded after the third (p<0.05).

On day 7, it decreased to 204.8+14.3 mAmp X 1072
and 150.1 +22.7 mAmp X 107? respectively, and
on day 14, 2054+11.8 mAmp x 107 and 113.9+9.13
mAmp X 107% and it subsequently returned roughly
to the values before chemotherapy (Fig. 2). These
changes were consistent with the patients’ symptoms.
There were no significant changes at 250Hz or 5Hz.

We then examined the changes in CPT values as
the number of administrations increased. The
patients’ complaints gradually increased. At 2,000 Hz,
the CPT value of the median nerve on day 4 after
the first administration was 258 =185 mAmp X 107%
After the second administration, it decreased to
212+272 mAmp X 107% and after third it decreased
further to 194+22.8 mAmp X 107% After the fourth,
however, it increased to 269*40.2 mAmpx10~*

(Fig. 3) (p<005). There were no significant
changes at 250 Hz or 5 Hz.

We also examined the differences in CPT values
according to whether the patients had previously
been given cisplatin. At 2,000 Hz, the CPT value in
the median nerve of the patients previously given
cisplatin (n=9, 536+74 y) was 263+27.1 mAmp X
107> mAmp X 107% as opposed to 203 =245 mAmp X
10°% in those who were not (n=7,540+54y) (p<
0.05). At 250 Hz, the CPT value of the patients
given cisplatin previously was 855%=9.04 mAmp X
107% as opposed to 62.1=9.30 mAmp X 107* in those
who were not (p<005) (Fig. 4). At 5 Hz, there

were no significant differences.
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Fig. 4 The differences in CPT values according to
whether the patients had previously been
given cisplatin. This study revealed that the
CPT values increased more in the cases
treated with cisplatin previously (p<0.05)
A:the CPT wvalues in the median nerve of
the patients not given cisplatin at 2,000 Hz,
B:the CPT wvalues in the median nerve of
the patients previously given cisplatin at
2,000 Hz, C:the CPT wvalues in the median
nerve of the patients not given cisplatin at
250 Hz, D:the CPT wvalues in the median
nerve of the patients previously given
cisplatin at 250 Hz
Data=mean = SD

Discussion

Paclitaxel is an antineoplastic drug whose
cytotoxicity is attributable to promotion of
intracellular tubulin polymerization and stabilization

of abnormal microtubule structures against
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depolymerization”. The neurotoxicity of paclitaxel is
thought to be due to the presence of many
microtubules in nerve cells and Schwann cells, and
pathological studies have shown nerve fiber loss,
axonal atrophy, and secondary demyelination®”. This
neurotoxicity is one of its dose-limiting factors’®,
and although treatment with neurotoxicity,
amitryptiline", vitamin B", etc., has been reported,
no treatment has been effective.

The CPT values obtained with the Neurometer in
epithelial ovarian cancer patients revealed significant
changes due to the neurotoxicity of the combination
chemotherapy with paclitaxel and carboplatin only
at 2,000 Hz, but not at 250 Hz or 5 Hz. The
selectivity of the CPT wvalues has been confirmed
pathologically’, physiologically”’, and pharmaco-
logically® and the significant changes in CPT values at
only 2,000 Hz, which estimate large and myelinated
nerve function, suggested that large myelinated
nerves were damaged by paclitaxel plus carboplatin.

During one course of chemotherapy, the CPT
values were highest on day 4. They decreased
thereafter (on days 7 and 14) and had almost
recovered at three weeks after chemotherapy, in the
same way as the patients’ symptoms that peaked at
4~6 days, then gradually decreased. Increased CPT
values mean hyposensitivity, suggesting that
sensory dullness was one of the causes of the
neurotoxicity of paclitaxel plus carboplatin combi-
nation chemotherapy.

On the other hand, the CPT values decreased
with the number of courses, and the patients’
complaints gradually increased. Decreased CPT
values mean hypersensitivity, and the CPT values
decreased in the process of repairing nerve fibers
momentary". It was thought the CPT wvalues
decreased for this reason. In fact, after the third
chemotherapy, the CPT values increased, which was
expected to be hyposensitivity. It has been reported
that the CPT wvalues decreased in mild diabetic
neuropathy, and increased in severe diabetic
neuropathy'.

It appears that cumulative, but not dose-limiting,
neurotoxicity occurs when paclitaxel is used in
patients previously treated with cisplatin®. This

study revealed that the CPT values increased more
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in the cases treated with cisplatin previously. It is
necessary to care the neurotoxicity to those patients.

The changes in the neurotoxicity of paclitaxel
plus carboplatin combination chemotherapy were
investigated by measuring CPT values. CPT values
are expected to be used clinically to diagnose the
neurotoxicity and evaluate the side effects of
antineoplastic drugs, easily, non-invasively, and

objectively.

References

1. Tamura T, Sasaki Y, Nishiwaki Y, Saijo N:Phase 1
study of paclitaxel by three-hour infusion:
hypotension just after infusion is one of the major
dose-limiting toxicities. Jpn ] Cancer Res 1995; 86:
1203-1209.

2. Sekine I, Nishiwaki Y, Watanabe K, Yoneda S, Saijo
N: Phase II study of 3-hour infusion of paclitaxel in
previously untreated non-small cell lung cancer. Clin
Cancer Res 1996; 2 : 941-945.

3. Kris MG, O’ Connell JP, Gralla MS, Wertheim RM,
Parente PB, Schiff PB, Young CW:Phase I trial of
taxol given as a 3-hour infusion every 21 days.
Cancer Treat Rep 1986; 70: 605-607.

4. Masson EA, Veves A, Fernando D, Boulton AJM:
Current perception thresholds:a new, quick, and
reproducible method for the assessment of
peripheral neuropathy in diabetes mellitus.
Diabetologia 1989; 32: 724-728.

5. Winkler G, Pal B, Nagybeganyi E, Ory I,
Porochnavee M, Kempler P: Effectineness of
different benfotiamine dosage regimens in the
treatment of painful diabetic neuropathy. Arzneim. -
Forsch. /Drug Res 1999; 49: 220-224.

6. Hill RS, Lawrence A:Current perception threshold in
evaluating foot pain. Journal of the American
Podiatric medical Association. 1991; 81: 150-154.

7. Sakura S, Sumi M, Kushizaki H, Saito Y, Kosaka Y:
Concentration of lidocaine affects intensity of
sensory block during lumbar epidural anesthesia.
Anesth Analg 1999; 88: 123-127.

8. Katims J], Patil A, Rendell M, Rouvelas P, Sadler B,
Weseley SA, Bleecker ML: Current perception
threshold screening for carpal tunnel syndrome.
Archives of Environmental Health 1991; 46: 207-212.

9. Katims JJ, Naviasky EH, Rendell MS, Ng LKY,
Bleecker ML: Constant current sine wave
transcutaneous nerve stimulation for the evaluation
of peripheral neuropathy. Arch Phys Med Rehabil
1987; 68: 210-213.

10. Dotson RM: Clinical neurophysiology laboratory tests
to assess the nociceptive system in humans. Journal
of Clinical Neurophysiology 1997; 14: 32—-45.

11. Katims JJ, Rouvelas P, Sadler BT, Weseley SA:
Current perception threshold. Reproducibility and
comparison with nerve conduction in evaluation of



12.

13.

14.

15.

16.

134

carpal tunnel syndrome. Trans Am Soc Artif Intern
Organs 1989; 35: 280—284.

Schiff PB, Horwitz SB: Taxol assembles tublin in the
absence of exogenous guanosine 5 -triphosphate or
microtubule-associated proteins. Biochemistry 1981;
20: 3247-3252.

Rowinsky EK, Chaudhry V, David R, Cornblath DR,
Donehower RC: Neurotoxicity of taxol. J] Natl Cancer
Inst Monogr 1993; 15: 107-115.

Jerian SM, Sarosy GA, Link C]J, Fingert HJ, Reed E,
Kohn EC: Incapacitating autonomic neuropathy
precipitated by taxol. Gynecologic Oncology 1993; 51:
277-280.

Noda K, Tkeda M, Kudo R, Nishiya I, Yajima A,
Tanaka K, Kodama S, Takahashi T, Tokunaga A,
Sato I, Nozawa S, Taketani Y, Terashima Y, Isonishi
S, Takeda Y, Nishijim M, Kuroshima Y, Fuji S,
Izumi R, Tamaya T, Mori T, Okada K, Ogita S,
Ozaki M, Ozawa M, Hasegawa K, Nishimura R, Kudo
T, Kono I, Matsumura S, Nakano H, Tsukamoto N,
Yakushiji M, Sugiyama T, Hatae M:Phase II study
of paclitaxel (BMS-181339) in patients with ovarian
cancer by 3-hour intravenous infusion. Jpn J Cancer
Chemother 1996; 23: 317-325.

Veves A, Malik RA, Lye RH, Masson EA, Sharma
AK, Schady W, Boulton AJ:The relationship

17.

18.

19.

20.

21.

T Nippon Med Sch 2003;70(2)

between sural nerve morphometric findings and
measures of peripheral nerve function in mild
diabetic neuropathy. Diabet Med 1991; 8 : 917-921.
McAllister RM, Urban LA, Dray A, Smith PJ:
Comparison of the sensory threshold in healthy
human volunteers with the sensory nerve response
of the rat in vitro hindlimb skin and saphenous
nerve  preparation on  cutaneous electrical
stimulation. ] Hand Surg 1995; 20: 437-443.

Bowman WC, Rand M]J: Textbook of Pharmacology,
2 nd Ed, London, Blackwell Scientific Publications,
1980.

Umezawa S, Kanamori A, Yajima Y, Aoki M:
Current perception threshold in evaluating diabetic
neuropathy. Japanese Journal of Diabetes 1997;40:
711-718.

Guthrie D, Gomes R, Guthrie R, Topham B, Childs B,
Parks L: Neuropathy in children who have diabetes
mellitus. Diabetes 1989; 38: 560.

Cavaletti G, Bogliun G, Marzorati L, Zincone A,
Marzola M, Colombo N, Tredici G: Peripheral
neurotoxicity of taxol in patients previously treated
with cisplatin. Cancer 1995; 75: 1141-1150.

(Received, August 26, 2002)
(Accepted, October 21, 2002)




